
1 

NLAP-2MW Incineration Power Plant – Final Report (2015 – 2020) 

Planning, Design, Construction, Environment Impact Assessment 

 

Based on following 

reports: 

[TEMO-IPP 40MW 

CFD FHamed 2015] 

[TEMO-IPP 40MW 

FEM BKerdi 2015] 

[Turbine 1.5MW 

MZoebi 2016] 

[NLAP-IPP 2MW 

Technical Manual] 

[EIA Srar 2019] 

[Presentation CCIAT 

March 2019], 

Conference Report 

[Proposal BOT 

Meshha Akkar May 

2019], [Proposal BOT 

Taran Dinniye May 

2019] 

FreeCAD Database 

Posters 

 2 MW platform 

 Norms 

 Flue Gas 

Purification 

 Heavy Metals 

Recycling 

 8 Columns 

 Steam Header 

 

 

 

Last update: 

26 August 2020 



 



III 

Content in short 

PROJECT MANAGEMENT ............................................................................................................................................ 1 

1 BUSINESS PLAN (الجدول الاقتصادي) .................................................................................................................. 3 

2 NLAP 1.5 MW DEMOPLANT & MARKETING - PLANNING FOR 2019 .................................................................... 5 

FEM INVESTIGATION FOR 40 MW INCINERATION POWER PLANT ............................................................................... 6 

TABLE OF CONTENTS .................................................................................................................................................. 8 

3 ACKNOWLEDGEMENTS .....................................................................................................................................11 

4 ABSTRACT .........................................................................................................................................................12 

5 CHAPTER 0: INTRODUCTION ..............................................................................................................................13 

6 CHAPTER I: BASICS ............................................................................................................................................14 

7 CHAPTER II: CONTRIBUTION ..............................................................................................................................31 

8 CHAPTER III: RESULTS AND DISCUSSION ............................................................................................................45 

9 CHAPTER IV: CONCLUSION AND FUTURE WORK ................................................................................................72 

10 BIBLIOGRAPHY ..................................................................................................................................................73 

11 ANNEX...............................................................................................................................................................74 

TEMO-IPP 40 MW CFD INVESTIGATIONS ...................................................................................................................80 

12 ABSTRACT: ........................................................................................................................................................81 

13 LIST OF FIGURE: .................................................................................................................................................83 

14 LIST OF SYMBOL: ...............................................................................................................................................85 

15 INTRODUCTION: ................................................................................................................................................86 

16 BASICS ...............................................................................................................................................................88 

2. CONTRIBUTION ............................................................................................................................................... 102 

3. RESULTS AND DISCUSSION .............................................................................................................................. 116 

4. CONCLUSION AND FUTURE WORK .................................................................................................................. 125 

5. REFERENCES .................................................................................................................................................... 127 

6. ANNEX............................................................................................................................................................. 129 

1.5 MW TURBINE DESIGN ........................................................................................................................................ 133 

NLAP 1.5 MW INCINERATION POWER PLANT, TECHNICAL&BUSINESS SPECIFICATION ............................................ 159 

 161 ........................................................................................................ (REQUIREMENTSالاحتياجات ) 17

 162 .................................................................................... (SYSTEM DESIGNتصميم المنظومة ) 18

ن ) 19  TURBINE) ......................................................................................................................... 163التوربي 

 201 .................................................................................................................... (CONDENSERالمكثف ) 20

21 WATER TANK خزان المياه  ................................................................................................................................. 204 

 205 ............................................................................................................................ مدخل النفايات 22



 206 ................................................................ (INCINERATOR AND VAPORIZERالمحرقة والمبخر ) 23

24 NORMS ........................................................................................................................................................... 208 

25 STANDARDS .................................................................................................................................................... 209 

26 REFERENCE 1: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS PART 3: DESIGN AND CALCULATION FOR 

PRESSURE PARTS ..................................................................................................................................................... 236 

27 CALCULATION TEMPERATURE AND NOMINAL DESIGN STRESS........................................................................ 245 

28 CYLINDRICAL SHELLS OF DRUMS AND HEADERS UNDER INTERNAL PRESSURE ................................................ 253 

29 REFERENCE 2: PART 2: MATERIALS FOR PRESSURE PARTS OF BOILERS AND ACCESSORIES EN 12952-2:2001/ . 255 

30 REFERENCE 3: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS - PART 5: WORKMANSHIP AND 

CONSTRUCTION OF PRESSURE PARTS OF THE BOILER EN 12952-5:2001 .................................................................. 262 

31 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS – PART 4: IN-SERVICE BOILER LIFE EXPECTANCY 

CALCULATIONS EN 12952-4 ..................................................................................................................................... 266 

32 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS –PART 7: REQUIREMENTS FOR 

EQUIPMENT FOR THE BOILER-12952-7 .................................................................................................................... 269 

دخانتنقية ال 33  ............................................................................................................................... 272 

لية والاستفادة منه ) 34 ن  PREPARATIONالرماد بعد حرق النفايات المنن

OF ROST ASH) 277 

 280 .................................................................................................................................... غرفة التحكم 35

وع بناء وتشغيل محطة طاقة ارقام مالي 36 ة وايجابيات لمشر

MW عن طريق حرق النفايات 1.5  281 

ي نحتاجها لبناء محطة  37
 1.5MW ..................................... 282المواد الاولية الت 

38 SUPPLIERS ....................................................................................................................................................... 285 

ENVIRONMENT IMPACT ASSESSMENT OF WASTE TO INCINERATION POWER PLANT NLAP-IPP IN SRAR 

(AKKAR/NORTH LEBANON)...................................................................................................................................... 287 

39 INTRODUCTION ............................................................................................................................................... 292 

40 LAWS ............................................................................................................................................................... 293 

41 DESCRIPTION OF THE ENVIRONMENT ............................................................................................................. 307 

42 DESCRIPTION OF THE PROJECT ........................................................................................................................ 311 

43 SCREENING FOR WITH MINISTRY OF ENVIRONMENT ...................................................................................... 335 

44 ENVIRONMENTAL FACTORS AFFECTED ............................................................................................................ 342 

45 SIGNIFICANT EFFECTS ON THE ENVIRONMENT ................................................................................................ 343 

46 ASSESSMENT OF ALTERNATIVES...................................................................................................................... 345 

47 MITIGATION OR COMPENSATION MEASURES ................................................................................................. 346 

48 MONITORING .................................................................................................................................................. 348 

49 NON-TECHNICAL SUMMARY ........................................................................................................................... 350 

50 QUALITY OF THE EIA REPORT .......................................................................................................................... 351 



Content 

 

V 

51 ANNEX............................................................................................................................................................. 352 

REFERENCES ............................................................................................................................................................ 361 

CONFERENCE IN CHAMBER OF COMMERCE, INDUSTRY AND AGRICULTURE TRIPOLI, LEBANON (2MW PLANT BUILD-

OPERATION-TRANSFER (BOT)) ................................................................................................................................. 363 

52 MEETING ORGANIZATION ............................................................................................................................... 364 

53 SPEECHES ........................................................................................................................................................ 365 

54 CONFERENCE REPORT ..................................................................................................................................... 392 

PROPOSAL MASCHHA BOT ...................................................................................................................................... 398 

كة طاقة الشمال 55  PREFACE ..................................................................... 401 نبذة عن شر

56 INTRODUCTION ............................................................................................................................................... 402 

57 PURPOSE ......................................................................................................................................................... 404 

58 SCOPE OF WORK ............................................................................................................................................. 405 

59 PROCESS CONTROL SYSTEM ............................................................................................................................ 416 

60 ENVIRONMENTAL IMPACT ASSESSEMENT ....................................................................................................... 419 

61 FINANCIALS ..................................................................................................................................................... 422 

62 TIME SCHEDULE .............................................................................................................................................. 423 

63 FINAL:OUR PROPOSAL..................................................................................................................................... 425 

OTHER MARKETING ACTIVITIES ............................................................................................................................... 426 

64 MASHHA مشحا عكار - NORTH LEBANON APRIL 2019 ...................................................................................... 427 

65 TARAN/DINIYYE - NORTH LEBANON 2019 ....................................................................................................... 430 

66 SRAR - NORTH LEBANON 2018 ........................................................................................................................ 431 

 432 ....................................................................... (AYYAT / AKKAR - NORTH LEBANON) بلدية عيات 67

68 AL-DENNIYE 120 TONS/DAY WASTE INCINERATOR (PROJECT PROPOSAL DEC 2017) ....................................... 433 

69 PRICES ON NLAP-LB.COM ................................................................................................................................ 439 

NLAP FREECAD DATABASE ....................................................................................................................................... 440 

70 NORTH LEBANON ALTERNATIVE POWER_FREECAD_DATABASE ...................................................................... 441 

POSTERS .................................................................................................................................................................. 445 

LITERATURE ............................................................................................................................................................. 452 

 

 

 





 

 

VII 

Contents 

PROJECT MANAGEMENT ............................................................................................................................................ 1 

1 BUSINESS PLAN (الجدول الاقتصادي) .................................................................................................................. 3 

2 NLAP 1.5 MW DEMOPLANT & MARKETING - PLANNING FOR 2019 .................................................................... 5 

FEM INVESTIGATION FOR 40 MW INCINERATION POWER PLANT ............................................................................... 6 

TABLE OF CONTENTS .................................................................................................................................................. 8 

3 ACKNOWLEDGEMENTS .....................................................................................................................................11 

4 ABSTRACT .........................................................................................................................................................12 

5 CHAPTER 0: INTRODUCTION ..............................................................................................................................13 

6 CHAPTER I: BASICS ............................................................................................................................................14 

6.1 1.1 STRESS ...................................................................................................................................................14 

6.1.1 1.1.1 Introduction ..................................................................................................................................14 

6.1.2 1.1.2. Categorization of stresses ............................................................................................................14 

6.1.3 1.1.3. Stress intensity .............................................................................................................................16 

6.1.4 1.1.4. Stress limits..................................................................................................................................16 

6.1.5 1.2. Fatigue assessment of pressure vessels ...........................................................................................18 

6.1.6 1.2.1. Introduction .................................................................................................................................18 

6.2 1.2.2. STRESS-LIFE .........................................................................................................................................18 

6.3 1.2.2 FORMALISM AND CLASSIFICATION OF MULTIAXIAL FATIGUE CRITERIA ...................................................................26 

THE HOHENEMSER & PRAGER CRITERION ........................................................................................................................28 

7 CHAPTER II: CONTRIBUTION ..............................................................................................................................31 

7.1 2.1. ANALYSIS OF RANKINE CYCLE FOR THE TRIPOLI-IPP 30 MW POWER PLANT ............................................................31 

7.2 2.2. SOFTWARE USED FOR MODELING AND SIMULATION ..........................................................................................34 

7.3 2.3. FILES FORMAT .........................................................................................................................................35 

7.4 2.4. DESIGNING CAD MODELS FOR THE VAPORIZER AND FOR THE DRUM ......................................................................36 

7.5 2.4. MESHING THE CAD MODEL ........................................................................................................................40 

7.6 2.5. THE SOLVER ELMER ..................................................................................................................................44 

8 CHAPTER III: RESULTS AND DISCUSSION ............................................................................................................45 

8.1 3.1 CAD MODEL AND MESHING OF VAPORIZER AND STEAM DRUM ............................................................................45 

8.2 3.2 RUNNING THE SOLVER ................................................................................................................................45 

8.3 3.3 VIEWING RESULTS PARAVIEW / VTK ..............................................................................................................48 

8.4 ESTIMATED NUMBER OF CONSTANT AMPLITUDE FATIGUE CYCLES ................................................................................57 

8.5 ESTIMATED FATIGUE SAFETY FACTOR CAUSED BY A MULTIAXIAL LOAD ...........................................................................58 

8.6 3.6. PROBABILISTIC ANALYSIS OF THE NUMBER OF FATIGUE CYCLES. ............................................................................59 

8.7 3.7. ESTIMATE OF THE NUMBER OF CYCLES OF ELONGATION AT CONSTANT AMPLITUDE ....................................................62 

8.8 3.8. ESTIMATED NUBER OF CYCLES DUE TO DISPLACEMENT CAUSED BY A MULTIAXIAL LOAD ...............................................62 

8.9 3.9. RESULTS OF FALLO SOFTWARE .....................................................................................................................66 

8.10 3.10. RESULTS OF FALSN SOFTWARE .................................................................................................................67 

8.11 3.11. RESULTS OF FALIN SOFTWARE ..................................................................................................................69 

8.12 3.12. DISCUSSIONS OF ALL RESULTS ....................................................................................................................70 

9 CHAPTER IV: CONCLUSION AND FUTURE WORK ................................................................................................72 



Business Plan (الاقتصادي الجدول) 

VIII 

10 BIBLIOGRAPHY ..................................................................................................................................................73 

11 ANNEX...............................................................................................................................................................74 

1. ANNEX 1: WATER STEAM DIAGRAM........................................................................................................................74 

2. ANNEX 2: TASK OF MASTER THESIS .........................................................................................................................75 

3. ANNEX 3: TIME PLAN ..........................................................................................................................................76 

4. APPENDIX 4: THE PROPERTIES OF THE STEAM AT THE INLET OF THE TURBINE ......................................................................77 

5. ANNEX 5: BLUEPRINTS OF DRUM ............................................................................................................................78 

6. ANNEX 6: PHYSICAL PROPERTIES OF STAINLESS STEEL 316L (REFERENCE   MATERIALS ENGINEERING-MECHANICAL BEHAVIOR REPORT 

128) 79 

TEMO-IPP 40 MW CFD INVESTIGATIONS ...................................................................................................................80 

12 ABSTRACT: ........................................................................................................................................................81 

13 LIST OF FIGURE: .................................................................................................................................................83 

14 LIST OF SYMBOL: ...............................................................................................................................................85 

15 INTRODUCTION: ................................................................................................................................................86 

16 BASICS ...............................................................................................................................................................88 

16.1 INCINERATION POWER PLANTS ...........................................................................................................................88 

16.2 STUDY OF LITERATURE .....................................................................................................................................89 

16.3 ARGUMENTS SUPPORTING AND AGAINST INCINERATIONS ..........................................................................................91 

16.3.1 Arguments supporting incinerations ..................................................................................................92 

16.3.2 Arguments against incinerations .......................................................................................................92 

16.4 HISTORY ......................................................................................................................................................93 

1.1. PUMP UTILITY................................................................................................................................................95 

1.2. SOFTWARE TOOLS USED ...................................................................................................................................96 

1.2.1. Discretization methods ......................................................................................................................99 

1.3. WHAT ARE THE NAVIER-STOKES EQUATIONS? .......................................................................................................99 

1.3.1. Incompressible fluid flow ................................................................................................................. 100 

1.3.2. Newtonian and Non-Newtonian fluid flow ....................................................................................... 100 

2. CONTRIBUTION ............................................................................................................................................... 102 

2.1. SOLVE INCINERATION DESIGN .......................................................................................................................... 102 

2.1.1. OpenFOAM solver ........................................................................................................................... 102 

2.1.2. Using Gmsh ..................................................................................................................................... 102 

2.1.3. Elmer solver .................................................................................................................................... 104 

2.1.4. Using Elmer ..................................................................................................................................... 106 

3. RESULTS AND DISCUSSION .............................................................................................................................. 116 

4. CONCLUSION AND FUTURE WORK .................................................................................................................. 125 

5. REFERENCES .................................................................................................................................................... 127 

6. ANNEX............................................................................................................................................................. 129 

6.1. ANNEX 1: PLANNING IN MARCH 2015 .............................................................................................................. 129 

6.2. ANNEX 2: UPDATED PLANNING JULY 2015 ........................................................................................................ 129 

6.3. ANNEX 3: TOOL CHAINS USED FOR CFD ANALYSIS................................................................................................. 130 

6.4. ANNEX 4: OFFERS FOR 30 MW STEAM TURBINE AND PUMP .................................................................................. 131 

1.5 MW TURBINE DESIGN ........................................................................................................................................ 133 



Project Management 

 

IX 

NLAP 1.5 MW INCINERATION POWER PLANT, TECHNICAL&BUSINESS SPECIFICATION ............................................ 159 

 161 ........................................................................................................ (REQUIREMENTSالاحتياجات ) 17

الاحتياجات لوضع مثال 17.1  ............................................................................................. 161 

 162 .................................................................................... (SYSTEM DESIGNتصميم المنظومة ) 18

ن ) 19  TURBINE) ......................................................................................................................... 163التوربي 

   تصميم 19.1
 FREECAD .................................................................................................. 163 برنامج ف 

19.2 PARTS AND COSTS OF  OUR 1.5 MW STEAM TURBINE ............................................................................................ 163 

19.3 FREECAD 2D DRAWINGS OF TURBINE FOR MANUFACTORING ................................................................................. 172 

19.3.1 Drawing a FreeCAD 3D object to 2D ................................................................................................. 172 

19.3.2 2D drawings of our 1.5 MW turbine ................................................................................................. 178 

19.4 STEAM SYSTEM PARAMETERS FOR A 2MW TURBINE (14 BAR, 195°C) ...................................................................... 182 

19.4.1 Calculation details ........................................................................................................................... 182 

19.5 COMPETETORS: BACKPRESSURE STEAM TURBINES (500KW, 3 MW, 15 MW): COST ($/KW) AND PERFORMANCE 

CHARACTERISTICS ..................................................................................................................................................... 183 

19.5.1 Performance Losses ......................................................................................................................... 184 

19.5.2 Maintenance ................................................................................................................................... 184 

19.5.3 Steam Turbine Lubricating oil Characteristics ................................................................................... 185 

19.5.4 Viscosity .......................................................................................................................................... 186 

19.6 TURBINE BEARING ........................................................................................................................................ 186 

19.6.1 Introduction .................................................................................................................................... 186 

19.7 MATERIALS NEEDS AND CALCULATIONS .............................................................................................................. 188 

19.8 5D CNC MACHINING .................................................................................................................................... 190 

19.8.1 What is 5-Axis? ............................................................................................................................... 190 

19.8.2 Basics of axis configuration ............................................................................................................. 190 

19.8.3 How a router works ......................................................................................................................... 191 

19.9 3-AXIS ROUTERS VS. 5-AXIS ROUTERS ................................................................................................................ 191 

19.10 THERMAL EFFICIENCY IF THE STEAM IS SUPERHEATED ......................................................................................... 191 

19.11 DYNAMO GENERATOR ............................................................................................................................... 193 

19.12 QUOTATION TO 1.5 MW  STEAM TURBINE ..................................................................................................... 193 

19.12.1 Suppliers ......................................................................................................................................... 197 

 201 .................................................................................................................... (CONDENSERالمكثف ) 20

20.1 CONDENSER SPECIFICATION ............................................................................................................................ 201 

نامج نموذج 20.2  FREECAD .......................................................................................................... 201 ببر

20.3 COOLING OF CONDENSER ............................................................................................................................... 201 

20.3.1 Sea water desalting unit for condenser cooling cycle (schema) ......................................................... 201 

نامج  نموذج 20.3.2 ببر FreeCAD .................................................................................................. 202 

20.4 COST FOR COOLING WITH FRESH SEA WATER CYCLE (ONLY WITH PIPING TO SEA)............................................................ 203 

21 WATER TANK خزان المياه  ................................................................................................................................. 204 

 205 ............................................................................................................................ مدخل النفايات 22

 206 ................................................................ (INCINERATOR AND VAPORIZERالمحرقة والمبخر ) 23

23.1 NORMS ......................................................................................................... FEHLER! TEXTMARKE NICHT DEFINIERT. 

 ......................................................................................................................... FEHLER! TEXTMARKE NICHT DEFINIERT. 



Business Plan (الاقتصادي الجدول) 

X 

23.2 LIST OF PROPERTIES OF SATURATED STEAM  ......................................................................................................... 208 

24 STANDARDS .................................................................................................................................................... 209 

24.1 GENERAL ................................................................................................................................................... 209 

24.2 INTERPRETATIN ............................................................................................................................................ 210 

24.3 PRODUCTION ............................................................................................................................................... 220 

24.4 MATERIALS ................................................................................................................................................. 226 

24.5 FIRED OR OTHERWISE HEATED OVERHEATING-PRONE PRESSURE EQUIPMENT IN ACCORDANCE WITH ARTICLE 4 (1) ................ 229 

24.6 PIPELINES  ACC. ARTICLE 4 (1) (C) .................................................................................................................... 230 

24.7 SPECIAL QUANTITATIVE REQUIREMENTS FOR SPECIFIC PRESSURE EQUIPMENT ............................................................. 231 

25 REFERENCE 1: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS PART 3: DESIGN AND CALCULATION FOR 

PRESSURE PARTS ..................................................................................................................................................... 236 

25.1 SCOPE ....................................................................................................................................................... 236 

25.1.1 Normative references ...................................................................................................................... 236 

25.1.2 Terms and definitions ...................................................................................................................... 237 

25.1.3 Symbols and abbreviations .............................................................................................................. 237 

25.1.4 General ........................................................................................................................................... 237 

25.2 DIMENSIONS OF PRESSURE PARTS ..................................................................................................................... 237 

25.3 STRENGTH OF PRESSURE PARTS ........................................................................................................................ 238 

25.4 DESIGN BY ANALYSIS ..................................................................................................................................... 238 

25.5 CYCLIC LOADING .......................................................................................................................................... 238 

25.6 OTHER DESIGN REQUIREMENTS ........................................................................................................................ 239 

25.6.1 General ........................................................................................................................................... 239 

25.6.2 Access ............................................................................................................................................. 240 

25.6.3 Drainage and venting ...................................................................................................................... 240 

25.7 DESIGN, CALCULATION AND TEST PRESSURES ....................................................................................................... 240 

25.7.1 Design pressure ............................................................................................................................... 240 

25.7.2 Calculation pressure ........................................................................................................................ 240 

25.7.3 Calculation pressure for pressure differences ................................................................................... 241 

25.7.4 Hydrostatic test pressure ................................................................................................................. 241 

25.8 METAL WASTAGE ......................................................................................................................................... 242 

25.8.1 Internal wastage ............................................................................................................................. 242 

25.8.2 External wastage............................................................................................................................. 242 

25.8.3 Requirements .................................................................................................................................. 243 

25.8.4 Stress corrosion ............................................................................................................................... 243 

25.8.5 Mechanical requirements ................................................................................................................ 243 

25.9 ATTACHMENTS ON PRESSURE PARTS .................................................................................................................. 243 

25.9.1 Load carrying attachments .............................................................................................................. 243 

25.9.2 Non-load-carrying attachments ....................................................................................................... 244 

26 CALCULATION TEMPERATURE AND NOMINAL DESIGN STRESS........................................................................ 245 

26.1 CALCULATION TEMPERATURE .......................................................................................................................... 245 

26.1.1 General ........................................................................................................................................... 245 

26.1.2 Circulation boilers............................................................................................................................ 245 

26.1.3 Once-through boilers, superheaters and reheaters ........................................................................... 245 

26.1.4 Hot water generators ...................................................................................................................... 246 

26.1.5 Temperature allowances for unheated components ......................................................................... 246 

26.1.6 Headers .......................................................................................................................................... 246 



Project Management 

 

XI 

26.1.7 Unheated components .................................................................................................................... 246 

26.1.8 Components protected against radiation ......................................................................................... 246 

26.1.9 Components heated by convection .................................................................................................. 246 

26.1.10 Components heated by radiation ..................................................................................................... 247 

26.2 MAXIMUM THROUGH-THE-WALL TEMPERATURE DIFFERENCE AND MAXIMUM FLUE GAS TEMPERATURE FOR HEATED DRUMS AND 

HEADERS 250 

26.2.1 Maximum through-the-wall temperature difference ........................................................................ 250 

26.2.2 Headers exposed to flue gases ......................................................................................................... 250 

26.2.3 Allowable deviations ....................................................................................................................... 250 

26.3 DESIGN STRESS ............................................................................................................................................ 250 

26.3.1 Design stress for components .......................................................................................................... 250 

26.3.2 Design stress for welded connections operating under creep condition ............................................. 251 

26.3.3 Design stress for austenitic steels .................................................................................................... 251 

26.3.4 Design stress for test pressure ......................................................................................................... 251 

27 CYLINDRICAL SHELLS OF DRUMS AND HEADERS UNDER INTERNAL PRESSURE ................................................ 253 

27.1 SHELL THICKNESS.......................................................................................................................................... 253 

27.1.1 Requirements .................................................................................................................................. 253 

27.1.2 Required wall thickness including allowances .................................................................................. 253 

27.2 BASIC CALCULATION ...................................................................................................................................... 253 

27.2.1 Required wall thickness without allowances .................................................................................... 253 

28 REFERENCE 2: PART 2: MATERIALS FOR PRESSURE PARTS OF BOILERS AND ACCESSORIES EN 12952-2:2001/ . 255 

28.1 MATERIALS COVERED BY EUROPEAN MATERIAL STANDARDS ................................................................................... 257 

28.2 MATERIALS FOR PRESSURE PARTS ..................................................................................................................... 259 

28.2.1 Materials covered by harmonized European material Standards for pressure purposes .................... 259 

29 REFERENCE 3: WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS - PART 5: WORKMANSHIP AND 

CONSTRUCTION OF PRESSURE PARTS OF THE BOILER EN 12952-5:2001 .................................................................. 262 

29.1 TUBE BENDING PROCEDURE TESTS .................................................................................................................... 262 

29.1.1 General ........................................................................................................................................... 262 

30 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS – PART 4: IN-SERVICE BOILER LIFE EXPECTANCY 

CALCULATIONS EN 12952-4 ..................................................................................................................................... 266 

30.1 CALCULATION OF IN-SERVICE CREEP DAMAGE ...................................................................................................... 266 

30.1.1 General ........................................................................................................................................... 266 

30.1.2 Symbols and abbreviations .............................................................................................................. 266 

30.2 CALCULATION OF IN-SERVICE LIFETIME AND CREEP DAMAGE .................................................................................... 266 

30.2.1 General ........................................................................................................................................... 266 

30.2.2 Online computerized data storage ................................................................................................... 267 

31 WATER-TUBE BOILERS AND AUXILIARY INSTALLATIONS –PART 7: REQUIREMENTS FOR 

EQUIPMENT FOR THE BOILER-12952-7 .................................................................................................................... 269 

31.1 SAFEGUARDS AGAINST EXCESSIVE PRESSURE ........................................................................................................ 269 

31.2 HEAT SUPPLY SYSTEM .................................................................................................................................... 269 

31.3 ASH REMOVAL PLANTS ................................................................................................................................... 269 

31.4 FLUE-GAS CLEANING PLANTS ........................................................................................................................... 269 

31.5 REQUIREMENTS FOR LIMITING DEVICES AND SAFETY CIRCUITS .................................................................................. 269 

31.6 CLEANING, ACCESS AND INSPECTION OPENINGS .................................................................................................... 270 



Business Plan (الاقتصادي الجدول) 

XII 

 272 ............................................................................................................................... تنقية الدخان 32

32.1 ESP .......................................................................................................................................................... 273 

32.2 INCINERATION TESTS ..................................................................................................................................... 273 

لية والاستفادة منه )الرماد بع 33 ن د حرق النفايات المنن PREPARATION 

OF ROST ASH) 277 

عامة نظرة 33.1  ........................................................................................................................................ 277 

33.2 FLUREC/FLUWA ....................................................................................................................................... 279 

 280 .................................................................................................................................... غرفة التحكم 34

وع بناء وتشغيل محطة طاقة  35 ارقام مالية وايجابيات لمشر

MW عن طريق حرق النفايات 1.5  281 

ي نحتاجها لبناء محطة  36
 1.5MW ..................................... 282المواد الاولية الت 

36.1 COSTS OF BUILDING THE 1.5 MW PLANT ........................................................................................................... 283 

37 SUPPLIERS ....................................................................................................................................................... 285 

ENVIRONMENT IMPACT ASSESSMENT OF WASTE TO INCINERATION POWER PLANT NLAP-IPP IN SRAR 

(AKKAR/NORTH LEBANON)...................................................................................................................................... 287 

38 INTRODUCTION ............................................................................................................................................... 292 

39 LAWS ............................................................................................................................................................... 293 

39.1 DESCRIPTION TO WRITE AN ENVIRONMENT IMPACT ASSESSMENT ............................................................................. 293 

39.1.1 Steps of EIA ..................................................................................................................................... 294 

39.1.2 The review checklist ........................................................................................................................ 295 

39.1.3 Example section: Waste Framework Directive .................................................................................. 302 

39.2 INCINERATION OF WASTE DIRECTIVE 2000/76/EC .............................................................................................. 302 

39.2.1 Summary of Directive 2000/76/EC on the incineration of waste (the WI Directive)............................ 302 

39.2.2 Legislation Summary - Waste incineration ....................................................................................... 303 

39.3 LAWS AND GUIDANCE ISSUES IMPLEMENTED IN SRAR EIA ...................................................................................... 306 

40 DESCRIPTION OF THE ENVIRONMENT ............................................................................................................. 307 

40.1 INTRODUCTION ............................................................................................................................................ 307 

40.2 DESCRIPTION OF THE AREA ............................................................................................................................. 307 

40.3 ENVIRONMENTAL COMPONENTS IN SRAR ........................................................................................................... 308 

40.3.1 Physical Resources........................................................................................................................... 308 

40.3.2 .............................................................................................................................................................. 310 

40.3.3 Socio-Cultural and Economic Activities ............................................................................................. 310 

40.3.4 Education and Literacy .................................................................................................................... 310 

40.3.5 Environment, Archaeological Sites and Cultural Heritage ................................................................. 310 

40.3.6 Cultural Facilities ............................................................................................................................. 310 

41 DESCRIPTION OF THE PROJECT ........................................................................................................................ 311 

41.1 LOCATION OF THE PROJECT ............................................................................................................................. 311 

41.2 TYPE OF PROJECT (SIZE AND MAGNITUDE OF THE PROJECT) .................................................................................... 314 

41.3 NEED OF THE PROJECT & PROJECT OBJECTIVE ..................................................................................................... 315 

41.4 DATA COLLECTION AND PREPARATION OF MAPS .................................................................................................. 315 

41.5 METHODOLOGIE .......................................................................................................................................... 315 



Project Management 

 

XIII 

41.6 DESCRIPTION THE OF THE INSTALLATION ............................................................................................................. 315 

41.6.1 Incineration remnant (Smoke and Ashes) are recycled. Waste water is treated................................. 316 

41.6.2 The planned facility ......................................................................................................................... 317 

41.6.3 Waste material cycle ....................................................................................................................... 326 

41.6.4 Incinerator (Burning chamber) and filters ........................................................................................ 326 

41.7 LAYOUT SPECIFICATIONS ................................................................................................................................ 327 

41.7.1 Construction Equipment .................................................................................................................. 329 

41.7.2 Construction of the sewage collection network ................................................................................ 329 

41.8 PLAN (PROJECT COST) ................................................................................................................................... 331 

41.9 INFRASTRUCTURE SERVICES (PROPOSED INFRASTRUCTURE/UTILITIES AND LAYOUT)....................................................... 334 

41.9.1 Environmental Aspects .................................................................................................................... 334 

41.9.2 Power Supply .................................................................................................................................. 334 

41.9.3 Water Supply .................................................................................................................................. 334 

41.9.4 Sewerage Services ........................................................................................................................... 334 

41.9.5 Solid and Liquid Waste Management............................................................................................... 334 

41.9.6 Proposed Wastewater Treatment Plant ........................................................................................... 334 

42 SCREENING FOR WITH MINISTRY OF ENVIRONMENT ...................................................................................... 335 

42.1 SCREENING APPLICATION FOR THE INSTALLATION OF A POWER PLANT UNIT IN SRAR IN NORTH LEBANON ............................. 335 

  4ملحق رقم  42.1.1
 335 .................................................................... : نموذج التصنيف لتقييم الأثر البيئ 

 336 .......................................................................... خريطة مساحة مع إفادة عقارية .1

وط الخاصة للمنطقة .2  336 .................. إفادة ارتفاق وتخطيط  والشر

 336 ............................................... (GPS COORDINATESالاحداثيات الجغرافية للعقار ) .3

42.1.2 Project Information ......................................................................................................................... 337 

43 ENVIRONMENTAL FACTORS AFFECTED ............................................................................................................ 342 

44 SIGNIFICANT EFFECTS ON THE ENVIRONMENT ................................................................................................ 343 

44.1 THE CONCEPT OF SIGNIFICANCE ................................................................................................................ 343 

44.2 CUMULATIVE EFFECTS.................................................................................................................................... 343 

44.3 EXAMPLE OF SIGNIFICANT EFFECTS .................................................................................................................... 343 

45 ASSESSMENT OF ALTERNATIVES...................................................................................................................... 345 

46 MITIGATION OR COMPENSATION MEASURES ................................................................................................. 346 

46.1 MITIGATION AND COMPENSATION MEASURES: IN A NUTSHELL ................................................................................ 347 

47 MONITORING .................................................................................................................................................. 348 

48 NON-TECHNICAL SUMMARY ........................................................................................................................... 350 

48.1 THE QUALITIES OF A GOOD NON-TECHNICAL SUMMARY ......................................................................................... 350 

49 QUALITY OF THE EIA REPORT .......................................................................................................................... 351 

49.1 THE QUALITIES OF A GOOD EIA REPORT ............................................................................................................. 351 

50 ANNEX............................................................................................................................................................. 352 

50.1 APPENDIX A: PROJECTS LISTED IN ANNEX I OF DIRECTTIVE 97/11/EC ....................................................................... 352 

50.2 APPENDIX B: PROJECTS LISTED IN ANNEX II OF DIRECTTIVE 97/11/EC ...................................................................... 355 

50.3 APPENDIX C: PROJECTS LISTED IN ANNEX IV OF DIRECTTIVE 97/11/EC ..................................................................... 358 



Business Plan (الاقتصادي الجدول) 

XIV 

50.4 APPENDIX D: PROJECTS LISTED IN ANNEX IV OF DIRECTTIVE 97/11/EC ..................................................................... 359 

REFERENCES ............................................................................................................................................................ 361 

CONFERENCE IN CHAMBER OF COMMERCE, INDUSTRY AND AGRICULTURE TRIPOLI, LEBANON (2MW PLANT BUILD-

OPERATION-TRANSFER (BOT)) ................................................................................................................................. 363 

51 MEETING ORGANIZATION ............................................................................................................................... 364 

51.1 REQUEST.................................................................................................................................................... 364 

52 SPEECHES ........................................................................................................................................................ 365 

52.1 OPENING SPEECH ......................................................................................................................................... 365 

52.2 PRESENTATION ............................................................................................................................................ 366 

53 CONFERENCE REPORT ..................................................................................................................................... 392 

53.1 COMMENTS ................................................................................................................................................ 394 

53.2 ATTENDEES ................................................................................................................................................. 396 

PROPOSAL MASCHHA BOT ...................................................................................................................................... 398 

كة طاقة الشمال 54  PREFACE ..................................................................... 401 نبذة عن شر

55 INTRODUCTION ............................................................................................................................................... 402 

56 PURPOSE ......................................................................................................................................................... 404 

57 SCOPE OF WORK ............................................................................................................................................. 405 

57.1 SITE PREPARATION ........................................................................................................................................ 407 

57.2 WASTE MANAGEMENT .................................................................................................................................. 408 

57.3 POWER PLANT OF WASTE INCINERATION............................................................................................................. 410 

57.3.1 The already built kernel power plant (mobile plant NLAP-IPP) .......................................................... 411 

57.4 SYSTEM OF FILTRATION .................................................................................................................................. 411 

57.4.1 Continuous Emission Monitoring (CEM) ........................................................................................... 413 

57.5 HEAVY METALS RECOVERY AND TREATMENT OF ASHES ........................................................................................... 414 

57.5.1 Extractants types............................................................................................................................. 414 

58 PROCESS CONTROL SYSTEM ............................................................................................................................ 416 

58.1 BASIC PLANT CONTROL SYSTEM ....................................................................................................................... 416 

58.2 USER INTERFACE .......................................................................................................................................... 417 

58.3 SYSTEM ARCHITECTURE ................................................................................................................................. 418 

59 ENVIRONMENTAL IMPACT ASSESSEMENT ....................................................................................................... 419 

59.1 WHAT IS THE PURPOSE OF THE  EIA?................................................................................................................. 419 

59.2 HOW IS EIA DONE? ...................................................................................................................................... 419 

59.3 STEPS OF THE EIA......................................................................................................................................... 419 

59.3.1 Screening (as appropriate)............................................................................................................... 419 

59.3.2 Scoping (as appropriate) ................................................................................................................. 419 

59.3.3 EIA Report ....................................................................................................................................... 420 

59.3.4 Decision Making and Development Consent .................................................................................... 420 

59.3.5 Information on Development Consent And Monitoring .................................................................... 420 

59.4 FINANCIALS ................................................................................................................................................ 420 

59.5 REFERENCES ............................................................................................................................................... 421 

60 FINANCIALS ..................................................................................................................................................... 422 



Project Management 

 

XV 

60.1 POWER PLANT COST 2MW (CAPEX) ............................................................................................................... 422 

60.2 MAINTENACE AND FEED (OPEX)...................................................................................................................... 422 

60.3 OPERATION TEAM (PS) ................................................................................................................................. 422 

60.4 ENVIRONMENT IMPACT ASSESSMENT (3RD  PARTY CONTRACTOR) ............................................................................ 422 

60.5 REVENUES .................................................................................................................................................. 422 

61 TIME SCHEDULE .............................................................................................................................................. 423 

61.1 NLAP 2 MW MANUFACTURING LIFE CYCLE ....................................................................................................... 423 

61.2 PROJECT LIFE CYCLE ...................................................................................................................................... 424 

62 FINAL:OUR PROPOSAL..................................................................................................................................... 425 

OTHER MARKETING ACTIVITIES ............................................................................................................................... 426 

63 MASHHA مشحا عكار - NORTH LEBANON APRIL 2019 ...................................................................................... 427 

64 TARAN/DINIYYE - NORTH LEBANON 2019 ....................................................................................................... 430 

65 SRAR - NORTH LEBANON 2018 ........................................................................................................................ 431 

 432 ....................................................................... (AYYAT / AKKAR - NORTH LEBANON) بلدية عيات 66

67 AL-DENNIYE 120 TONS/DAY WASTE INCINERATOR (PROJECT PROPOSAL DEC 2017) ....................................... 433 

68 PRICES ON NLAP-LB.COM ................................................................................................................................ 439 

NLAP FREECAD DATABASE ....................................................................................................................................... 440 

69 NORTH LEBANON ALTERNATIVE POWER_FREECAD_DATABASE ...................................................................... 441 

69.1 40 KW TESTPLANT IN QUBAISI CENTER ............................................................................................................. 441 

69.2 40 KW NLAP-IPP DEMOPLANT ...................................................................................................................... 441 

69.3 1.5 MW NLAP-IPP .................................................................................................................................... 441 

69.4 40 MW NLAP INCINERATION POWER PLANT ...................................................................................................... 443 

POSTERS .................................................................................................................................................................. 445 

LITERATURE ............................................................................................................................................................. 452 

 

 





Project Management 

 

1 

Project Management 

 





Project Management 

 

3 

1 Business Plan (الجدول الاقتصادي) 

 



Business Plan (الاقتصادي الجدول) 

4 

 



Project Management 

 

5 

2 NLAP 1.5 MW Demoplant & Marketing - Planning for 2019 

AECENAR Finance Planning

Jan - Jun 2019 Jan Feb Mar Apr May Jun

Staff cost (Personalkosten) Projekt Responsible

MEAE-WEDC NLAP-PCS_Platform (BPC, GUI) Abdurrahman $300 $300 $300

MMJZ $300 $300 $300

Electrolysis, Hydrogen Storage, WEDC Siham $400

IAP-SAT Chem. Prop. Commisioning Abdullah 250 250 250 250 250

Samer $250

Othman $250

Heavy Metals Recycling Commisioning Maysaa $534

WEDC Siham $400

Fuel Burner Commisioning Samer $250

Othman $250

Methan Liquification / Chem.Prop. Mariam A. $400 $400 $400 $400 $400

15 MW / EU Standard: General Documents Maysaa $534 $534 $534 $534 $534

WEDC Siham $400 $400 $400 $400

Chemical Treatment / Deaerator Contruction Samer $250

Othman $250

15 MW Turbine 14 bar, 195°C Gears Construction N.N.

Generator - Trafo Block / Standards Alaa (Trainee)

Building for 15 MW Power Plant N.N. / Rami (Trainee)
MEGBI MEGBI-APP Automation Abdurrahman $300 $300

MMJZ $300 $300

ICS TEMOLeb-Mintad Mechanics Construction Samer $250

Othman $250

TEMOLeb-Commisioning MMJZ $300

Abdurrahman $300

IEP IEP-MEPSA Bilal $150 $150 $150 $150 $150 $150

IEP-MEPSA Asia $150 $150 $150 $150 $150 $150

IAP IAP-SAT Electrical Prop Mariam M. $300 $300 $300 $300 $300 $300

IAP-SAT Chem. Prop. Commisioning Samer $250

Othman $250

Administration External Relations سمير ايوبي $300 $300 $300 $300 $300 $300

Material

WEDC $2.000 $1.000 $1.000 $1.000 $1.000 $1.000

MEGBI-APP $1.000 $500

IAP-SAT/Chem. Prop. $1.000 $1.000 $500 $500 $500 $500

Ground Ras Masqa/WEDC

Inner walls IAP, MEAE, Terasse $600 $300

WEDC area $1.000 $1.000

AECENAR - Grundstueck, Bau -> verschoben nach 2020

Rent Ras Masqa Facility $5.000

sum $7.534 $12.884 $5.584 $5.084 $5.084 $4.584

Some parameters:

Financing should be reliable for the following 6 month Total Jan-Jun 2019

normally: salaries are 70% of total costs $40.754
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مالرحيبسم الله الرحمن   
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4 ABSTRACT 

This thesis discusses the mechanical study of the incineration chamber and vaporizer 

(including climbing pipes) subjected to relatively high pressure, which may cause a 

relatively great mechanical stress leading to fatigue and damage and eventually 

break. 

It is a study for upscaling the TEMO-IPP test plant in Ras Nhache, Batroun /Lebanon 

to a commercial 30 or 40 MW plant for a city like Tripoli/Lebanon. 

The fracture mechanics and the study of fatigue phenomenon are relatively recent 

sciences that saw the bulk of their development in the 20th century. The issue of 

those fields of mechanics is the same: it is to predict the behavior of structures up to 

their ruin, as much as possible to avoid the dangers and high costs introduced by 

fatigue and breakage. 

Theoretically, several methods exist to estimate the number of cycles before damage, 

in this study we use several software (Fallo, FALLIN, FALLPR, FALLSIN) 

specialized in the estimate that are combined together to predict the fewest 

estimated cycle . 

 

Keywords: multiaxial fatigue, rupture, Rankine cycle, crack propagation, damage, 

free software, open source. 
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5 CHAPTER 0: INTRODUCTION 

This thesis discusses the mechanical study of the incineration chamber and vaporizer 

(including climbing pipes) subjected to relatively high pressure, which may cause a 

relatively great mechanical stress leading to fatigue and damage and eventually 

break. 

It is a study for upscaling the TEMO-IPP test plant in Ras Nhache, Batroun /Lebanon 

to a commercial 30 or 40 MW plant for a city like Tripoli/Lebanon, see Appendix 3. 

The fracture mechanics and the study of fatigue phenomenon are relatively recent 

sciences that saw the bulk of their development in the 20th century. The issue of 

those fields of mechanics is the same: it is to predict the behavior of structures up to 

their ruin, as much as possible to avoid the dangers and high costs introduced by 

fatigue and breakage. 

Theoretically, several methods exist to estimate the number of cycles before damage, 

in this study we use several software (Fallo, FALLIN, FALLPR, FALLSIN) 

specialized in the estimate that are combined together to predict the fewest 

estimated cycle . 
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6 CHAPTER I: Basics 

6.1 Stress 

 

6.1.1 Introduction 

Stress is a tensor quantity (neither a vector nor a scalar) that depends on the 

direction of applied load as well as on the plane it acts. Generally speaking, at a 

given plane there are both normal and shear stresses. However, there are planes 

within a structural component (that is being subjected to mechanical or thermal 

loads) that contain no shear stress. Such planes are called principal planes and the 

directions normal to those planes are called principal directions. The normal stresses 

(only stresses in those planes) are called principal stresses. For a general three-

dimensional stress state there are always three principal planes along which the 

principal stresses act. In mathematical terms we can say that the problem of 

principal stresses is an eigenvalue problem, with the magnitudes of the principal 

stresses being the eigenvalues and their directions (normal to the planes on which 

they act) being the eigenvectors. Principal stress calculations form an essential 

activity for a general stress analysis problem. 

6.1.2 1.1.2. Categorization of stresses 

Stresses are generally characterized as (a) primary stress, (b) secondary stress, or (c) 

peak stress. In the following discussion, the primary stresses will be denoted by P, 

the secondary stress by Q and the peak stress by F. These nomenclatures also apply 

to the ASME Boiler and Pressure Vessel Code We will now define each of the three 

categories of stress. 

6.1.2.1 a. Primary stress  

Primary stress is any normal stress or a shear stress developed by the imposed 

loading which is necessary to satisfy equilibrium between external and internal 

loads. These stresses are not self-limiting. If primary stresses are increased such that 

yielding through net section occurs, subsequent increase in primary stress would be 

through strain hardening until failure or gross distortion occurs. Generally primary 
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stresses result from an applied mechanical load, such as a pressure load. The concept 

of equilibrium is based on a monotonic load and a lower bound limit load. Primary 

stresses are those that can cause ductile rupture or a complete loss of load-carrying 

capability due to plastic collapse of the structure upon a single application of load. 

The purpose of the Code limits on primary stress is to prevent gross plastic 

deformation and to provide a nominal factor of safety on the ductile burst pressure. 

Primary stresses are further divided into three types: general primary membrane 

(Pm), local primary membrane (PL), and primary bending (Pb). 

6.1.2.2 b. Secondary stress 

Secondary stress originates through the self-constraint of a structure. This must 

satisfy the imposed strain or displacement (continuity requirement) as opposed to 

being in equilibrium with the external load. Secondary stresses are self-limiting or 

self-equilibrating. The discontinuity conditions or thermal expansions are satisfied 

by local yielding and minor distortions. The major characteristic of the secondary 

stress is that it is a strain-controlled condition. Secondary stresses occur at structural 

discontinuities and can be caused by mechanical load or differential thermal 

expansion. The local stress concentrations are not considered for secondary stresses. 

There is no need for further dividing the secondary stress into membrane and 

bending categories. In terms of secondary stress we imply secondary membrane and 

bending in combination. 

6.1.2.3 c. Peak stress 

Peak stress is the highest stress in a region produced by a concentration (such as a 

notch or weld discontinuity) or by certain thermal stresses. Peak stresses do not 

cause significant distortion but may cause fatigue failure. Some examples of peak 

stresses include thermal stresses in a bimetallic interface, thermal shock stresses (or 

stresses due to rapid change in the temperature of the contained fluid), and stresses 

at a local structural discontinuity. 
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Within the context of local primary membrane stress, PL, as well as secondary stress, 

Q, the discontinuity effects need not be elaborated. The structural discontinuity can 

be either gross or local. Gross structural discontinuity is a region where a source of 

stress and strain intensification affects a relatively large portion of the structure and 

has a significant effect on the overall stress or strain pattern. Some of the examples 

are head-to shell and flange-to-shell junctions, nozzles, and junctions between shells 

of different diameters or thicknesses. Local structural discontinuity is a region where 

a source of stress or strain intensification affects a relatively small volume of material 

and does not have a significant effect on the overall stress or strain pattern or on the 

structure as a whole. 

6.1.3 1.1.3. Stress intensity 

Let us indicate the principal stresses by σ1, σ2, and σ3. Then we define the stress 

differences by: 

𝑆1,2 = 𝜎1 − 𝜎2;  𝑆2,3 = 𝜎2 − 𝜎3;  𝑆1,3 = 𝜎1 − 𝜎3; 

The stress intensity, SI, is then the largest absolute value of the stress differences, or 

in other words: 

𝑆𝐼 = max [|𝑆1,2|, |𝑆2,3|, |𝑆1,3|] 

The computed stress intensity is then compared with the material allowable taking 

into consideration the nature of the loading. The material allowable is based on yield 

and ultimate strength of the material with an implied factor of safety. Within the 

context of pressure vessel design codes, the comparison of the allowable strength of 

the material is always done with respect to the stress intensities. This puts the 

comparison in terms of the appropriate failure theory either the maximum shear 

stress theory (Tresca criterion) or the maximum distortion energy theory (von Mises 

criterion). 

6.1.4 1.1.4. Stress limits 

The allowable stresses (or more correctly the stress intensities) in pressure vessel 

design codes such as the ASME Boiler and Pressure Vessel Code are not expressed in 
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terms of the yield strength or the ultimate strength but instead as multiples of 

tabulated design value called the design stress intensity (denoted for example as 

Sm). This value is typically two-thirds of the yield strength of the material or for 

other cases one-third of the ultimate strength. Therefore we have a factor of safety of 

1.5 or 3 in terms of yield strength or ultimate strength, respectively. It is the purpose 

of the design codes that these multiples of either the yield or the ultimate strength 

are never exceeded in design. 

The pressure vessel design codes often make specific recommendations on the limits 

depending on the conditions (or situations) of design. One typical such classification 

is in terms of design, normal, and upset (levels A and B), emergency (level C), 

faulted (level D) and test loadings, and accordingly limits are set appropriately. 

These stress limits have been discussed in some detail in Chapter 3. As an example, 

for design conditions the limits for the general primary membrane stress intensity, 

Pm, the local primary membrane stress intensity, PL, and the combined membrane 

and bending stress intensity Pm (PL)+ Pb, are typically expressed as: 

𝑃𝑚 ≤ 𝑆𝑚 

𝑃𝐿 ≤ 𝑆𝑚 

𝑃𝐿 + 𝑃𝑏 ≤ 1.5𝑆𝑚 

These limits are sometimes higher than the actual operating conditions. It is the 

intent of the design code that the limit on primary plus secondary stresses be applied 

to the actual operating conditions. For normal and upset conditions (sometimes 

indicated as levels A and B), the range of primary and secondary stresses, PL þ Pb þ 

Q is not allowed to exceed 3Sm, or 

|𝑃𝐿 +  𝑃𝑏 +  𝑄|𝑟𝑎𝑛𝑔𝑒 ≤ 3𝑆𝑚 

A word of caution is needed here. For example, a stress limit on some of the 

combination of stress categories such as Pm(PL)  Pb, PL Q needs to be carefully 

understood. The confusion arises because of the tendency to denote the stress 

intensity in a particular category by the symbol of that category, for example P is the 

stress intensity for the primary bending stress category. However (PL Pb Q) is not 
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the sum of the individual components of primary membrane, primary bending and 

secondary stress intensities. It is in fact the stress intensity evaluated from the 

principal stresses after the stresses from each category have been added together in 

the appropriate manner (that is not by adding the stress intensities). The primary 

plus secondary stress limits are intended to prevent excessive plastic deformation 

leading to incremental collapse, and to validate the application of elastic analysis 

when performing the fatigue evaluation. The limits ensure that the cycling of a load 

range results in elastic response of the material, also referred to as shakedown (when 

the ratcheting stops)[3]. 

6.1.5 1.2. Fatigue assessment of pressure vessels 

6.1.6 1.2.1. Introduction 

All structures and mechanical components that are cyclically loaded can fail by 

fatigue. With limited input data, constant amplitude fatigue analysis is used to make 

a simple and quick estimate of the likely fatigue performance or durability. 

There are three primary methods for estimating the fatigue resistance of components and 

structures. Stress-Life analysis assumes that the stresses always remain elastic even at the 

stress concentrators. Most of the live is consumed nucleating small microcracks. This is 

typical for long life situations (millions of cycles) where the fatigue resistance is controlled 

by nominal stresses and material strength. Strain-Life is used for situations where plastic 

deformation occurs around the stress concentrations.  

An example would be in a structure that has one major load cycle every day. Both stress-life 

and strain-life provide an estimate of how long it will take to form a crack about 1mm long. 

Crack growth analysis is then used to estimate how long it will take to grow a crack to final 

fracture. Fatigue of welds requires special considerations because of their complex shape 

and loading. 

6.2 1.2.2. Stress-Life 

The stress life method is the classical method for fatigue analysis of metals and has 

its origins in the work of Wöhler in 1850. Stresses in the structure or component are 
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compared to the fatigue limit of the material. The basis of the method is the materials 

S-N curve which is obtained by testing small laboratory specimens until failure. 

6.2.1.1 a. Material Properties 

Historically, these tests have been conducted in rotating bending. Today, it is often 

common to find test data for axial loading as well. 

 

Figure 1 

The fatigue limit, 𝑆𝐹𝐿 , is the stress below which failures do not occur in the 

laboratory. Wöhler called this a safe stress level for design. Today we know that 

failures will occur below the safe stress level but it will take a very large number of 

cycles, longer than the 10 6 or 107 cycles used in normal fatigue testing. The finite 

life portion of the curve is fit to a power function relating the stress amplitude, ΔS/2, 

and fatigue life in cycles, 𝑁𝑓. Some people use reversals, 2𝑁𝑓, instead of cycles for 

plotting fatigue data. There are 2 reversals in one cycle. The intercept at 1 cycle, 𝑆𝑓
′ , 

and slope, b, are taken as material constants. 

Many times the fatigue behavior of a material is unknown and must be estimated 

from the tensile properties. There is a strong correlation between fatigue strength 

and tensile strength [4]. 

https://www.efatigue.com/constantamplitude/background/stresslife.html#material_properties
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The fatigue limit is 

approximated as one half of the tensile strength. 

 

Many metal alloys are heat treatable and the hardness rather than the tensile 

strength are known. Another well-known approximation, with just as much scatter 

as shown above, is that the tensile strength, in English units of ksi, is approximately 

one half of the Brinell hardness, BHN. Combining these two approximations 

provides an estimate of the fatigue strength from the hardness. 

 

It has been observed that the fatigue strength at 1000 cycles is approximately 0.9 Su. 

This gives two points on the SN curve, both in terms of hardness that can be used to 

estimate the entire SN curve. 

 

 

 

Figure 1 
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Four material parameters are used to describe the materials stress life curve, Sf', b, 

SFL and NFL, only three of which are independent. Leaving any one of the 

parameters blank will result in the fourth one being directly computed. If all four are 

entered, SFL will be ignored. 

6.2.1.2 b.Modifying Factors 

Materials, as they are tested, are always in a different condition (surface finish, 

residual stress, etc.) from the materials as they are actually used. An important part 

of the analysis is to "correct" the basic materials data to obtain an estimate of the 

fatigue limit of the material in the component or structure of interest. Fatigue cracks 

usually nucleate on the surface so that the condition of the surface plays a major role 

in the fatigue resistance of a component. Test specimens are polished to eliminate the 

effects of surface finish. The degree of surface damage depends not only on the 

processing but also on the strength of the material. Higher strength materials are 

more susceptible to surface damage. To account for this in the analysis the material 

fatigue limit is reduced by a surface finish factor, kSF. 

 

 

 

The original data for constructing this curve is shown below. The factors tend to 

provide conservative estimates for fatigue lives [5]. 

Figure 2 

https://www.efatigue.com/constantamplitude/background/stresslife.html#modifying_factors
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Figure 3 

These data are fit to a simple power function to obtain an estimate of the surface 

factor for any hardness steel. 

 

  

 

 

                    Table 1:Ground 

 

Fatigue limits have historically been 

determined from small specimens, 6 mm in diameter, tested in rotating bending. 

High strength materials tested in tension tend to have lower fatigue limits. An 

empirical load factor, kL, is introduced for other types of loading. 

 kL 

Tension, Su <= 1500 

MPa 

0.92 

Tension, Su > 1500 MPa 1.0 

Bending 1.0 

Torsion 0.58 

Table 2:Tension 

 Α β 

Ground 1.58 -0.085 

Machined 4.51 -0.265 

Hot Rolled 57.7 -0.718 

Forged 272 -0.995 



FEM Investigation for 40 MW Incineration Power Plant 

 

23 

Experiments show that smaller components tend to have higher fatigue limits than 

larger ones. This is accommodated in the analysis by introducing a size factor, ksize. 

Some people call this a gradient factor. One of the most widely used corrections is 

based on the diameter of a bar. 

 

One of the problems associated with this simple approximation is what to do when 

the section is not round. This problem is overcome by defining an effective diameter. 

The volume of material subjected to 95% of the maximum stress in any shaped cross 

section is equated to a round bar of the same highly stressed volume. When these 

volumes are equated, the length canceled and the ratio becomes one of the relative 

areas. If we define the cross sectional area of a non-circular section subjected to 95% 

of the maximum stress as A0.95, then the effective diameter is given by 

 

 

Once these correction factors are determined, the fatigue limit of the machine component in 

the condition that it is being used in can be evaluated from the standard test 

specimen. 

 

These generalized empirical factors have the greatest confidence when applied to 

steel because they were all derived from on extensive database on steel accumulated 

from over 100 years of testing. The figures above have shown considerable scatter in 

the test data so that the factors must be regarded as approximate and are no 

substitute for actual test data for a critical application. That said, they do provide a 

good first approximation when no test data is available. 

6.2.1.3 c.Stress Concentrations 

Stress concentrations are one of the most important factors affecting the fatigue life 

of any component or structure. These stress concentrations may be intentional in the 

https://www.efatigue.com/constantamplitude/background/stresslife.html#stress_concentration
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design or unintentional such as deep machining marks or other processing related 

flaws. It seems reasonable to directly compare the maximum stress at a stress 

concentration to the estimated fatigue limit for that component [6]. 

 

Figure 4 

Test data for an unnotched bar, such as the one above pictured in blue, are plotted as 

blue circles.  This geometry has a stress concentration factor, Kt, equal to 1. The red 

dashed line represents estimated data for a geometry that has a stress concentration 

factor of 3.1, such as the notched bar pictured in red. The presence of the notch 

reduces the allowable nominal stress amplitude at any fatigue life by a factor equal 

to Kt. Notice that all of the actual test data, red triangles, lie above this estimate. This 

is because the effective stress concentration in fatigue is less than that predicted by 

the stress concentration factor, Kt. This effective stress concentration factor is called 

the fatigue notch factor, Kf. The variation between Kf and Kt is dependant on the size 

of the notch and strength of the material. A material that is very sensitive to notches 

will have Kf equal to Kt. If the material is very insensitive to notches, Kf will be close 

to 1. A notch sensitivity factor, q, is introduced to quantify this sensitivity [7]. 
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Figure 5 

Smaller radii are less effective in fatigue than larger ones. Fatigue notch factors can be 

computed from Kt and q. 

 

 

Peterson fit the available test data for steel and aluminum to obtain an expression for Kf in 

terms of ultimate strength, Su, and notch radius, ρ in mm. 

 

 

 

6.2.1.4 d. Mean Stresses 

Tensile mean stresses are known to reduce the fatigue strength of a component. 

Compressive mean stresses increase the performance and are frequently used to 

increase the fatigue strength of a manufactured part. The most common method for 

accounting for mean stresses is the Goodman Diagram. It was first proposed in 1890. 

Goodman writes ".. whether the assumptions of the theory are justifiable or not.... 

We adopt it simply because it is the easiest to use, and for all practical purposes, 

represents Wöhlers data." The fatigue limit for zero mean stress is plotted on one 

axis and the ultimate strength on the other. 

https://www.efatigue.com/constantamplitude/background/stresslife.html#mean_stresses
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Figure 6 

 

The diagram can be described by 

 

 

Stress concentration effects can be directly included in the Goodman diagram. 

 

 

For finite lives, an equivalent completely reversed stress, Seq, is computed and compared 

with the component SN curve. 

 

 

Here Kf is used to modify the mean stress but not the stress amplitude because stress 

concentration effects are already included in the component SN curve. 

6.3 1.2.2 Formalism and classification of multiaxial fatigue criteria 

 

A literature review has identified 37 criteria of fatigue. The set of criteria are divided 

into three distinct approaches that differ in their concept. 

The first approach, called empirical, includes criteria the formalism derived from 

experimental results obtained for a type of multiaxial stress and equipment donated. 
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The second approach is called the comprehensive approach. It brings together the 

criteria which involve invariants of the stress tensor and its diverter. These amounts 

representing all the constraints in a scalar give the criteria implementing them is 

comprehensive. Certain criteria define quantities related to the set of possible 

physical planes passing through the point at which the study is fatigue then driving 

into a root mean in general. The latter provides as the criteria based on this principle 

a full appearance.  

The third approach, critical type of plan, collates criteria the formalism is based on 

research of a critical physical. Damage to material fatigue at the point where the 

stress is known, is related to their action on the plane in question. 

Of these three approaches, subgroups differentiate formalisms criteria. We 

distinguish the macroscopic criteria involving evaluated constraints on a 

macroscopic scale. The choice of the terms involved in defining constraints such 

criteria is justified by their author. Other criteria are based on the behavior of the 

material on a microscopic scale . They expressed though their microscopic Final 

formalism uses macroscopic 

Figure 1 summarizes all the multiaxial fatigue criteria listed in literature and their 

classification . 
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6.3.1.1 The empirical approach criteria 

Figure 7: multiaxial fatigue criteria and their classification 

This category includes six criteria . They come from experimental results generally obtained 

for a type of multiaxial stress determined. It's about usually tension-torsion or bending - 

torsion , usually in phase. We found among these older models criteria , those of Hohenemser 

& Prager and Gough & Pollard that were developed in 1933 and 1935 respectively . The 

latest models proposed by Lee dating from 1980 [4,5] and 1989 [6,7]. 

The Hohenemser & Prager criterion 

The Hohenemser & Prager criterion is the first criterion identified . Established in 1933, it 

was obtained from tension-torsion tests where the shear is variable and the normal stress σ_m 

traction is static; 
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6.3.1.2 The criterion Gough & Pollard 

 

From many bending - torsion testing in phase , Gough & Pollard defined in 1935 two 

formulations that represent , in the reference related to the amplitudes of the normal bending 

stress and shear stress , ellipses . The first expression given below is for ductils materials 

 

The second formulation involves the same quantities as before, but which is adapted to 

fragile materials. Fatigue function is as follows : 

 

6.3.1.3 Davies criterion 

 

Davies, in 1935, adopted a formulation similar to that of Hohenemser & Prager . It only 

models the evolution of the amplitude of the allowable shear according to a normal static 

stress σ_m but the opposite , i.e. it observes the amplitude of the allowable normal stress 

bending as a function of static shear stress m_τ . He built from his observations the following 

modeling: 

 

 

6.3.1.4 The criterion of Nishihara & Kawamoto 

 

In 1941, Nishihara & Kawamoto offer two models from their experimental findings that are 

distinguished by the value of the ratio of the endurance limit symmetrical alternating bending 

endurance limit and symmetrical alternate twist . Both models are written: 
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6.3.1.5  The criterion of Lee 1 

 

More recently, in 1980, Lee offers a way out of modeling bending -torsion testing out phase. 

It introduces α -dependent phase shift φ between the two loads and defined by α = 2 (1 + βsin 

φ ) where β is a constant related to the materials . The criterion is given by the following 

relationship 

 

6.3.1.6 The criterion of Lee 2 

 

In 1989, Lee changed his first empirical criterion to add the influence of a average flexion. 

His last criterion involves an exponent n, between 1 and 2, is an empirical constant: 
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7 CHAPTER II: CONTRIBUTION 

7.1 2.1. Analysis of Rankine cycle for the Tripoli-IPP 30 MW power plant 

 

 

 

Figure 8: Rankine cycle modelisation in THERMOPTIM 

 

In point 1, a 1 kg / s water flow is in the liquid state at a temperature of about 20 ° C, 

under low pressure (0.023 bars).  
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A Pump puts that water isentropicly with an efficiency equal to 1  to a pressure of 

165 bar (Point 2). 

The pressurized water is then heated at constant pressure in a flame boiler (waste). 

The warm up has three stages: 

-Heating the liquid in the economizer, 20 ° C to about 355 ° C, initial boiling point 

temperature165 bar: evolution (2-3a) on the entropy diagram 

- Constant temperature 355 ° C vaporization in the vaporizer: evolution (3a -3b) 

- Overheating of 355 ° C to 560 ° C in the superheater: evolution (3b -3). 

The steam is then expanded in a turbine isentropicly with an efficiency of 0.85, until 

the 

0,023 bar pressure change (3-4). 

The liquid-vapor mixture is then condensed to the liquid state in a condenser 

exchanger between the ring and the cold source, for example water of a river. The 

cycle is closed. 

 

Figure 9: Values of temperature and pressure obtained by THERMOPTIM 
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Figure 10: Results obtained using THERMOPTIM 

 

Figure 11: entropic diagram (T, S) obtained using THERMOPTIM 

The Rankine cycle is important to calculate the thermal efficiency (30 %), while for a turbine 

that produces 30 MW of electricity we need a thermal power of 90 MW. 

And according to the thermal power the value of the combustion chamber is dimensioned . 

The volume of the combustion chamber adapted from a study [0]. 

The volume is 7,500 cu ft (212 cubic meters) spread over 4 m long , 4 m wide and 12 m high. 
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7.2 2.2. Software used for modeling and simulation 

 

Many software packages are used in this study, and we adopted different strategies 

to achieve this work (concerning the design, the meshing, the solving and the 

visualization for results). 

In the schematic shown below we describe this chain of tools used. The tools 

adopted in this thesis are colored in green and these colored in red were tried also 

during a long time in this master thesis but finally were not adopted , because they 

are not Free tools (without licence), and sometimes because there is so limited and 

can’t support a big value of data. 
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7.3 2.3. Files format 

 

One of the difficulties was the problem of transition from one tool to another. 

 

 

 

Figure 2.3.1 
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7.4 2.4. Designing CAD models for the vaporizer and for the drum 

 

Several forms exist in the market, which are shown in the figure 2.4.1. We have 

adopted the simplest form to facilitate the industry process (Figure 2.4.2 and 2.4.3), 

especially manufacturing of boiler will be local. 

 

Figure 2.4.1: A-, D- 
and O-type boiler 

configurations.1.Burne

r; 2.Steam drum; 
3.mud drum 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The volume of the combustion chamber (including vaporizer) is adapted from the 

study shown in [12]. The volume is 7500 cu ft. (212 meter cube) distributed on 4 m 

length, 4 m width and 12 m height. 

Figure 2.4.2: Schematic figure of 
boiler (wikiwand.com/en/Boiler),o-type 

Figure 2.4.3: Boiler part of incineration 
plant in Free CAD, o-type 
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Figure 2.4.4: combustion chamber (including vaporizer) with climbing pipes 

• The properties of drum: 

 Length: 32 ft. (10 m) 

 Diameter: 7 ft. (2.1 m)                         (all this  information are obtained from Annex 

5) 

 Weight: 9200 pound (4173 kg) 

 Capacity: 6600 gallon (24 983 l) 

 Thickness: 5 mm (this thickness is deduced from the browser in this site  

http://steelfinder.outokumpu.com/storage-tank/  ) 

 Material: Stainless steel 316L (physical properties  of stainless steel 316L in Annex 6 

) 
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Figure 2.4.5: Calculation of thickness via browser (chosen material is steel 316L) 

 

Figure 2.4.6: Calculation of thickness via browser (chosen material is steel 304L) 
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Figure 2.4.7: Design of Drum in FreeCAD 

 

Figure 2.4.8: Group of all parts of a power plant in FreeCAD (boiler, drum, turbine, and condenser) 
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Figure 2.4.9: Design for of the incineration thermal power plant on a real ground using sketch-up (100 m ×100 m) 

7.5 2.4. Meshing the CAD model 
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To mesh the CAD model we adopted first FreeCAD( FEM module), but we discovered that 

FreeCAD is unable to mesh our design entirely. FreeCAD is under construction and actually it 

can mesh only one element. 

So we searched for other software to make the mesh and we found: Nastran, Netgen and 

Gmsh. All this tools are Free and open source. 

We tried all this software and we found that the best is Gmsh because of the possibility of 

identifying the type of shape in FEM and its ability to mesh complex design in a time 

relativley short in comparaison with the others. 

Gmsh is built around four modules: geometry, mesh, solver and post-processing. Each 

module can be controlled either interactively using the GUI or using the scripting language. 

The design of all four modules relies on a simple philosophy "be fast, light and user-

friendly". 

Fast: on a standard personal computer at any given point in time Gmsh should launch 

instantaneously, be able to generate a "larger than average" mesh (compared to the 

standards of the finite element community; say, one million tetrahedra in 2008) in less than 

a minute, and be able to visualize such a mesh together with associated post-processing 

datasets at interactive speeds. 

Light: the memory footprint of the application should be minimal and the source code 

should be small enough so that a single developer can understand it. Installing or running 

the software should not depend on any non-widely available third-party software package. 

User-friendly: the graphical user interface should be designed in such a way that a new user 

can create simple meshes in a matter of minutes. In addition, the code should be robust, 

portable, scriptable, extensible and thoroughly documented|all features contributing to a 

user-friendly experience. 
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Figure 2.4.1: User Interface of Gmsh 

 

 

Figure 2.4.2: Mesh of the incinerator CAD model in Gmsh 
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Figure 2.4.3: Mesh of the drum CAD model in Gmsh 

 

 

Figure 2.4.4: Mesh of the combustion chamber CAD model in Gmsh 
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7.6 2.5. The solver Elmer 

Elmer is a combination of different software packages for the simulation of 

multiphysics problems using the Finite Element Method (FEM). Three of these 

software packages are: ElmerGUI, ElmerSolver, ElmerPost. Elmer is an open source 

software, released under the GNU General Public License (GPL).  

Elmer can be used in two different ways:  

• By using its Graphical User Interface (GUI). (A command text file can be 

generated after a GUI session). 

• By using a command text file 

Elmer has not good capabilities for geometry generation (CAD model) and meshing. 

Therefore, as a general procedure, the geometry and mesh should be imported into 

Elmer. It accepts different geometry and mesh formats. Among them, it accepts the 

GMSH mesh format. 

 

Figure 2.4.5: Convergence history window in ElmerSolver. 

The convergence story appears during solving the partial differential equations ( 

PDE) by the processor. 

The vertex of the graph indicates that the processor solves the PDEs easily , whereas 

a peak indicates that the resolution of PDE faces difficulties in the system and it 

needs extra time. 
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8 CHAPTER III: RESULTS AND DISCUSSION 

8.1 3.1 CAD Model and Meshing of vaporizer and steam drum 

In this master thesis one of the important tasks is to determinate the location of the 

region exposed to a high stress. With Elmer we determinate the stress in the boiler. 

 

Figure 3.1: Imported meshed Vaporizer and steam drum in Elmer 

The import of the file in .msh format requires a bit of time. Then the initial 

conditions, the boundary conditions and the type of material for the whole model 

must be determined. This is a process which about 6 hours. 

After putting meshes on the chamber of combustion (evaporator, furnace) and on the 

drum we have to import this meshes separately to Elmer. 

As shown in the figure 2.4.5 we have succeeded to import the mesh of the boiler and 

also we have determinate the type of material used in this study, the boundary 

condition and the equation used to determinate the stress. 

8.2 3.2 Running the solver 

After the execution of the work, the Elmer software requires approximately 4 hours 

to complete the calculations. A "convergence history" window appears on the user 

interface. 
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After running the Elmer solver which took a lot of time to finish calculation 

(approximately 4 hours) without counting the time used to determinate the 

boundary condition for each body ( in the case of boiler we have 40000 body) each 

one needed to determinate her equation, her material type and his boundary 

condition (approximately 6 hours). A convergence history appeared during solving 

us shown in the figure 3.3-3.4: 

 

Figure3.2: convergence history for the vaporizer in Elmer 
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Figure3.3: convergence history for the vaporizer in (Elmer) 
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Figure 3.4: convergence history for the drum in Elmer 

8.3 3.3 Viewing results Paraview / VTK 

The unit of the displacement in the figure is meter (m).  
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The unit of the displacement in the figure is meter (m).  
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The unit of the displacement in the figure is meter (m).  

 

 

 

 

 

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 

 

In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2: 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2: 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 
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In the figure: The unit of the stress is the Pascal (Pa). 1 Pa = 1 N/m^2 
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8.4 Estimated number of constant amplitude fatigue cycles 

The maximum value considered of 13 MPa is used for calculation of the life due to fatigue at 

a constant amplitude. 

 

Constante 

mécanique relative à 

l’acier inox 304 L 

 

Smax or emax = 12 

MPa 

Smin or emin = 0 

MPa 

Sa or ea = 6 MPa 

Sm or em = 6 MPa 

Material Type = 

stainless steel 

Material Name = 

Stainless Steel 30304, 

Su=650.0 

Su = 650 MPa 

E = 183000 MPa 

SFL = 147 MPa 

NFL = 10E+07 

Sf′ = 924 MPa 

b = -0.114 

 

Surface Finish Type = 

hot rolled 

Loading Factor Type 

= axial 

ksize = 0.1 

d = 10 mm 

Kt = 3.65 

Use Fatigue Notch 

Factor = No 

Kf = 1 

r = 5 mm 

n = 3 

Mean Stress 

Definition = 

Maximum Stress 

Mean Stress 

Parameter = 13 MPa 

SFL = 113 MPa 

kSF = 0.551 

kL = 0.923 

Résultats obtenus 

 

Smax = 13 MPa 

Smin = 12 MPa 

Sa = 0 MPa 

Sm = 13 MPa 

 

The estimated number of cycles N f = 136000 
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8.5 Estimated fatigue safety factor caused by a multiaxial load 
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8.6 3.6. Probabilistic analysis of the number of fatigue cycles. 

 

                                          Deterministi Probabilisti                   

Constante mécanique 

relative à l’acier inox 304 L 

 

SFL = 113 MPa 

TFLmax = 73 MPa 

Tf'max = 595 MPa 

bTmax = -0.114 

TFLoct = 53 MPa 

Tf'oct = 436 MPa 

bToct = -0.114 

G = 73200 MPa 

kFindley = 0.300 

αSines = 0.150 

aDV = 0.400 

bDV = 73 MPa 

Résultats obtenus 

 

n (Goodman) = 5.768 

n (Findley) = 3.076 

n (Sines) = 3.505 

n (Dang Van) = 

4.301e+00 

n (MCE) = 2.958 
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c c 

Variable           

  

Value                Sensitivity   Sensitivity   Mean     COV      

Loading            

  

                                   0                               

Smax or emax         13 MPa               -2.41         0.00          13       0.000    

Smin or emin         0 MPa                0.00          0.00          0.00e+0

0 

0.00e+0

0 

Material 

Properties  

                                   0.15                            

Su                   650 MPa              2.23          0.00          650      0.000    

Sf′                  L(924 

MPa,0.10,0.90) 

-0.77         0.15          928      0.099    

b                    C(-

0.114,0.00,1.00)  

-3.07         0.00          -0.114   0.047    

Surface 

Finish       

                                   0.88                            

kSF                  N(0.551,0.10)      

  

2.00          0.88          0.550    0.099    

Stress 

Concentrators 

                                   0.45                            

Kf                   N(3.65,0.05)         -2.04         0.45          3.65     0.050    
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Nf , median = 111215 cycles 
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8.7 3.7. Estimate of the number of cycles of elongation at constant amplitude 

 

Nf = > Limite de la fatigue 50000000 cycles , n ~ 6.12 

 

 

 

 

 

 

 

 

 

 

8.8 3.8. Estimated nuber of cycles due to displacement caused by a 
multiaxial load 
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8.9 3.9. Results of Fallo software 
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8.10 3.10. Results of FALSN software 
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8.11 3.11. Results of FALIN software 
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8.12 3.12. Discussions of all results 
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In the figure shown above, it is clear that the stress distribution undergoes 

significant variation during the passage of fluid in the tube neck. This enormous 

variation is expected and planned, since steam has a significant speed and pressure 

and it will undergo two flow direction changes during a short time. 

Moreover, of the number of cycles calculated in previous sections, the one we chose 

to lower value to avoid any risk. 

The lowest number received is N = 111215, followed by the number of cycles 

multiplied by the time during which it stops the operation of the apparatus, and it 

was found that the time of operation before the break is almost 20 years . 
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9 CHAPTER IV: CONCLUSION AND FUTURE WORK 

About the technological side, Elmer simulation requires a long time to determine the 

initial and boundary conditions, and then it is recommended to make a script to get 

rid of and to reduce the time. 

And finally this study does not take into account or stress due to the high 

temperature or the effect of corrosion caused by steam. In addition, these two 

conditions are able to reduce the lifetime of the vaporizer. 
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11 Annex 

1. Annex 1: Water steam Diagram 
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2. Annex 2: Task of master thesis 
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3. Annex 3: Time plan 
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4. Appendix 4: The properties of the steam at the inlet of the turbine 

 
 

Budget Price for STG 29.33: FOB 3.150.000 EUR (Offer from 12 Oct 2015) 
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5. Annex 5: Blueprints of drum 
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6. Annex 6: Physical properties of stainless steel 316L (Reference   

Materials Engineering-Mechanical Behavior Report 128) 

  

Material Type stainless steel 

Material Specification AISI 316 

Material Alloy 30316 

Elastic Modulus E = 190000 MPa 

Crack Growth Intercept C = 4.26E-13 m/cycle 

Crack Growth Exponent m = 3.6 

Threshold Stress Intensity ΔKTH = 5.15 MPa sqrt (m) 

    

Ultimate Strength Su = 650 MPa 

Fatigue Strength Coefficient σf′ = 1000 MPa 

Fatigue Strength Exponent b = -0.114 

Fatigue Ductility Coefficient εf′ = 0.171 

Fatigue Ductility Exponent c = -0.402 

Cyclic Strength Coefficient K′ = 1660 MPa 

Cyclic Strain Hardening Exponent n′ = 0.287 

 

 

Curve Intercept Sf′ = 924 MPa 

Curve Slope b = -0.114 

 

Fracture Strenght                                  650 MPa 

Fracture strain                                        1.73 

Poisson ration                                         0.25 
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12 Abstract:  

Computational Fluid Dynamics (CFD) is the study of fluid flow dynamic status 

using computer software. It is undergone for a prototype of an incineration power 

plant, present in Ras Nhache/Batroun, North Lebanon. There were some problems 

concerning the design which should be solved by a CFD study. In our study of 

computational fluid dynamic (CFD) we are interested to find the pressure and 

velocity values for this incineration power plant, in order to strengthen the used 

computer tools. We discretize the design in order to calculate the values for each 

point, the discretization makes the calculation possible - using a solver. Then the 

results are visualized. 

Résumé: 

Les dynamique des fluides computationnelle est l'étude de l'état dynamique de 

l'écoulement de fluide en utilisant un logiciel informatique, pour un prototype de 

centrales d'incinération, présents dans RasNhach, nous avons quelques problèmes 

devraient être résolus en faisant étude CFD pour la conception. Dans notre étude de 

la dynamique des fluides computationnelle (CFD), nous avons intérêt pour trouver 

les valeurs de pression et de vitesse pour une centrale d'incinération, afin de 

renforcer l'équipement utilisé. Et nous discrétisons la conception afin de calculer les 

valeurs pour chaque point, la discrétisation faciliter le calcul, en utilisant un solveur 

qui peut nous donner les résultats avec visualisation. 
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14 List of symbol: 

ρ is density of the fluid (assumed to be a known constant);  

u ≡ (u1, u2, u3)  

p is fluid pressure; µ is viscosity, and FB is a body force.  

D/Dt is the substantial derivative expressing the Lagrangian, or total, 

acceleration of a fluid particle in terms of a convenient laboratory-fixed 

Eulerian reference frame; 

∇ is the gradient operator;  

∆ is the Laplacian;  

∇· is the divergence operator; 

V (t) is the velocity; 

µ is the constant shear stress and is linearly dependent on the velocity 

gradient; 

Q is the volume flow.  
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15 Introduction: 

Fluid dynamics is the study of fluid flow; in our case we study this flow for an 

incineration power plant; studying the flow of steam and liquid water into the 

pipes (The main critical component is the pressure vessel with about 100 bar 

pressure differences). 

But this study should be a computational study; our goal is to obtain codes 

that take the fluid conditions and make us sure that we can design an 

upscaled version of the vaporizer of an incineration power plant (about 40 

MW) in Tripoli. 

These codes take the equations of fluid dynamics and make discretization to 

solve them with computer programs. 

But we have to know that the continuous equations of fluid dynamics are 

hardly possible to solve and computational fluid dynamics makes it easier to 

solve them after discretization.  

To apply this goal we have to use codes of an existing program like 

0penFOAM or Elmer and use a designer program (as FreeCAD) a 

visualization tool as Paraview. 

In the report three chapters contain the study; in the first chapter we 

introduce the basics that we use in our study, in the second chapter the 

contribution is done, in the third chapter the results are published. 

At the beginning we had the following working packages: 

 CAD Modeling: Up-scaled CAD Model with "ProE" or "FreeCAD" (was to be 

done by another student –see above). 

 Mesh Generation: A mesh generation "C++" code shall be taken from the open 

source code "OpenFoam" and migrated to TEMO_IPP-CFD tool - in our 

research we use Gmsh for meshing. 
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 Solver: A finite difference and a finite volume "C++" code shall be taken from 

the open source code "OpenFoam" and migrated to TEMO_IPP-CFD tool or 

using another tool for solving (Elmer). 

 Visualization: Shall be done with the tool Paraview.  
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16 Basics 

In this chapter we introduce the fundamentals of our study, and cite some 

other precedent studies in this field, with a history concerning the 

development of computational fluid dynamics. 

16.1 Incineration power plants 

INCINERATION is a waste treatment technology that involves burning 

commercial, residential and hazardous waste. Incineration converts discarded 

materials, including paper, plastics, metals and food scraps into bottom ash, 

fly ash, combustion gases, air pollutants, wastewater, wastewater treatment 

sludge and heat. 

It follows several steps illustrated in figure 1-1. 

 

Figure 16-1: steps in a incineration an power plant 

The ENERGIZE multistage grate is the core and the bottom surface of the 

furnace. It carries and transports the burning solid matter from the feeding 

section to the ash extractor. 

The grate consists of identical elements grouped in 3 zones: 
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Drying zone, combustion zone, burnout zone. 

1. In the drying zone, moisture in the waste is evaporated by the heat in the 

furnace and the radiation from the first empty pass which is positioned just 

above this zone. 

2. In the combustion zone, the actual combustion takes place. 

3. The burnout zone is a buffer to guarantee the burnout quality and to cool 

the ashes. 

A step between each zone causes the waste to drop from one zone to the next, 

creating the necessary mixing of the burning matter[1]. 

The 3 zones illustrate in the figure 1-2. 

 

Figure 16-2: illustrating of the incineration power plant zone 

16.2 Study of literature 

There are many applications of waste incineration power plants, especially in 

Europe, see Figure 1-3, and it is necessary to study them. But it is impossible 

to view published studies in internet; we can only see the incineration power 

plant's design with global studies. 
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Figure 16-3: Distribution of incineration power plant in Europe 

 

Figure 16-4: An incineration power plant in (A) Torsviksverket in Jönköping (B) Roskilde, Denmark (C) Esbjerg 

Denmark (D) near Bergen (Oslo). 

An incineration plant in Sweden Figure 2-2 (A) represents a similar amount of 

waste in the industry as well. Waste incineration provides heat corresponding 

to the needs of 810,000 homes, around 20 per cent of all the district-heating 

produced. It also provides electricity corresponding to the needs of almost 
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250,000 homes. International comparisons show that Sweden is the global 

leader in recovering the energy in waste[2]. 

In Roskilde, Denmark figure 2-2 (B) when waste from nine surrounding 

municipalities and from places abroad will be incinerated at the Roskilde 

plant. According to its developer KARA/NOVEREN, this will be enough to 

produce electricity for around 65,000 homes and heat for around 40,000 

homes[3]. 

We can say that the incineration power plant of in Esbjerg, Denmark figure 2-

2 (C), attached with some historic study concerning development of the 

incineration power plant design and CFD information[4] in figure 2-3: 

 

Figure 16-5: CFD plot for assessment of residence time in an afterburning chamber in Esberg, Denmark 

incineration power plant. 

Christoffer Back Vestli says, communications adviser for the Oslo in Bergen 

figure 2-2 (D): municipality. "At the moment, the city of Oslo can take 410,000 

tonnes of waste a year and we import 45,000 tonnes from the UK. Europe as a 

whole currently dumps 150m tonnes of waste in landfills every year, so there 

is clearly great potential in using waste for energy."[5] 

16.3 Arguments supporting and against incinerations 

Usage of incineration for waste management is divisive. The debate for 

incinerators generally involves business interests, regulations of government, 

activists of environment and citizens. 
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16.3.1 Arguments supporting incinerations 

The first concern for incineration stands against its injurious effects over 

health due to production of furans and dioxin emission. However, the 

emission is controlled to greater extent by developing of modern plants and 

governmental regulations. 

Incineration plants are capable for producing energy and can substitute 

power generation plants of other sort. 

The bottom ash after the process is completed is considered non-injurious that 

still is capable for being land filled and recycled. 

Fine particles are removable by processing through filters and scrubbers. 

Treating and processing medical and sewage waste produces non-injurious 

ash as product. 

16.3.2 Arguments against incinerations 

Extremely injurious matter needs adequate disposing off. This requires 

additional miles and need special locations for land filling this material. 

Although after a lot of regulations and restrictions and developments 

concerns are still alive about emission of furans and dioxins. 

Incinerating plants are producers of heavy metals, which are injurious even in 

minor amounts. 

IBA (Incinerator Bottom Ash) is consistent over a considerably high level of 

heavy metals and can prove fatal if they are not disposed off or reused 

properly. 

Initial investment costs are only recovered through long periods of contract 

for incinerating plants. 

Local communities always have opposed the presence of incinerating plant in 

the locality. 
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The upheld view is to recycle, reuse and waste reduction instead of 

incineration[6]. 

16.4 History 

In the past, incineration was conducted without separating materials thus 

causing harm to environment. This unseparated waste was not free from 

bulky and recyclable materials, even. This resulted in risk for plant workers 

health and environment. Most of such plants and incinerations never 

generated electricity. 

Incineration reduces the mass of the waste from 70 to 80 percent. This 

reduction depends upon the recovery degree and composition of materials. 

This means that incineration however, does not replace the need for 

landfilling but it reduced the amount to be thrown in it. 

Incineration comes with a number of benefits in specific areas like medical 

wastes and other life risking waste. In this process, toxins are destroyed when 

waste is treated with high temperature. 

Incineration or thermal treatment of waste is much popular in countries like 

Japan where there is scarcity of land. The energy generated by incineration is 

highly demanded in countries like Denmark and Sweden. In the year 2005 it 

was estimated that 4.8 percent of the electricity consumed by Danish nation 

was produced by incineration and the amount of heat was some 13.7 percent 

out of total. Other than Denmark and Sweden many European countries are 

recovering heat and electricity from waste[6].  

During the last three or four decades, computer simulations of physical 

processes have been used in scientific research and in the analysis and design 

of engineered systems. The systems of interest have been existing or proposed 

systems that operate at design conditions, off-design conditions, failure-mode 

conditions, or accident scenarios. The systems of interest have also been 
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natural systems. For example, computer simulations are used for 

environmental predictions, as in the analysis of surface-water quality and the 

risk assessment of underground nuclear-waste repositories. These kinds of 

predictions are beneficial in the development of public policy, in the 

preparation of safety procedures, and in the determination of legal liability. 

Thus, because of the impact that modeling and simulation predictions can 

have, the credibility of the computational results is of great concern to 

engineering designers and managers, public officials, and those who are 

affected by the decisions that are based on these predictions[7]. 

The development of computer fluid dynamics has been closely associated 

with the evolution of large high-speed computers. At first the principal 

incentive was to produce numerical techniques for solving problems related 

to national defense. Soon, however, it was recognized that numerous 

additional scientific and engineering applications could be accomplished by 

means of modified techniques that extended considerably the capabilities of 

the early procedures. This paper describes some of this work at The Los 

Alamos National Laboratory1, where many types of problems were solved for 

the first time with the newly emerging sequence of numerical capabilities. The 

discussions focus principally on those with which the author has been directly 

involved[8]. 

CFD Computational fluid dynamics is a branch of fluid mechanics that uses 

numerical methods and algorithms to solve and analyze problems that 

involve fluid flows. Computers are used to perform the calculations required 

to simulate the interaction of liquids and gases with surfaces defined by 

boundary conditions[1]. 

                                                   

1 at Los Alamos Laboratories the first nuclear bomb was developed during World War II. 

http://en.wikipedia.org/wiki/Fluid_mechanics
http://en.wikipedia.org/wiki/Numerical_methods
http://en.wikipedia.org/wiki/Algorithms
http://en.wikipedia.org/wiki/Fluid_dynamics
http://en.wikipedia.org/wiki/Boundary_conditions
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Computational Fluid Dynamics (CFD) provides a qualitative (and sometimes 

even quantitative) prediction of fluid flows by means of 

• Mathematical modeling (partial differential equations) 

• Numerical methods (discretization and solution techniques) 

• Software tools (solvers, pre- and post-processing utilities) 

CFD enables scientists and engineers to perform "numerical experiments" (i.e. 

computer simulations) in a "virtual flow laboratory"[9]. 

In the figure 1-1 we see the comparison of the real fluid flow which is 

continuous and the computational fluid flow which is discretize.  

Figure 16-6: The real flow (A) and the computation flow form (B) 

1.1. Pump utility 

An increase in the fluid pressure from the pump inlet to its outlet is created 

when the pump is in operation. This pressure difference drives the fluid 

through the system or plant. The centrifugal pump creates an increase in 

pressure by transferring mechanical energy from the motor to the fluid 

through the rotating impeller. The fluid flows from the inlet to the impeller 

center and out along its blades. The centrifugal force hereby increases the 

fluid velocity and consequently also the kinetic energy is transformed to 

pressure. Figure 1.7 shows an example of the fluid path through the 

centrifugal pump[17]. 
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Figure 16-7:  Fluid path through the centrifugal pump. 

1.2. Software Tools used 

FreeCAD is a parametric 3D modeler. Parametric modeling allows us to 

easily modify our design by going back into our model history and changing 

its parameters. FreeCAD is open source and completely modular, allowing for 

very advanced extension and customization. It used to devise the station's 

design. [10] 

http://en.wikipedia.org/wiki/Parametric_feature_based_modeler
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Figure 16-8: FreeCAD design example 

The OpenFOAM (Open source Field Operation And Manipulation) is a C++ 

toolbox for the development of customized numerical solvers, and pre-/post-

processing utilities for the solution of continuum mechanics problems, 

including computational fluid dynamics (CFD)[11]. 

 

Figure 16-9: OpenFOAM window when calculation velocity values 

Elmer is an open source solver for 3D design; he is giving a numerical solver 

and pre-/post-processing utilities for the solution of mechanics problems, 

including computational fluid dynamics (CFD). 

http://en.wikipedia.org/wiki/C%2B%2B
http://en.wikipedia.org/wiki/Numerical_analysis
http://en.wikipedia.org/wiki/Continuum_mechanics
http://en.wikipedia.org/wiki/Computational_fluid_dynamics
http://en.wikipedia.org/wiki/Continuum_mechanics
http://en.wikipedia.org/wiki/Computational_fluid_dynamics
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Figure 16-10: Elmer windows for a quarter pipe 

The ParaView is an open source multiple-platform application for interactive, 

scientific visualization. It has a client–server architecture to facilitate remote 

visualization of datasets, and generates level of detail models to maintain 

interactive frame rates for large datasets.[12] 

 

Figure 16-11: Paraview window for the velocity values 

We don't compile codes but just use solver software that has already 

compiled codes. These programs give us results. We use only free software 

and if possible open source; all we need is introduce the design after we made 

it, and the boundary conditions with many treatments concerning the 

iterative. 

http://en.wikipedia.org/wiki/Open_source
http://en.wikipedia.org/wiki/Application_software
http://en.wikipedia.org/wiki/Interactive_visualization
http://en.wikipedia.org/wiki/Scientific_visualization
http://en.wikipedia.org/wiki/Client%E2%80%93server
http://en.wikipedia.org/wiki/Level_of_detail
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The solvers and meshing software used discretization methods, which are 

described at the following - with finite volume for OpenFOAM and finite 

element for Elmer and Gmsh. 

1.2.1. Discretization methods 

The solvers in use can have three methods for solving which: finite element 

method, finite different method, and finite volume method. 

Finite element method is the discretization in order to obtain matrix which 

change the equation of physical quantity to a linear equations when solve is 

more easy. 

Finite different method is the discretization in order to transform the 

differential equation to different linear equations. 

Finite volume method is the discretization in order to discretization of the 

integral forms of the conservation equations by discretization of each term 

except[13]. 

1.3. What are the Navier-Stokes Equations? 

The equations of viscous, incompressible fluid flow, known as the Navier–

Stokes (N.–S.) equations after the Frenchman (Claude Louis Marie Henri 

Navier) and Englishman (George Gabriel Stokes) who proposed them in the 

early to mid-19th Century, can be expressed as  

 

We remind the reader that the first of these equations (which is a 

threecomponent vector equation) is just Newton’s second law of motion 

applied to a fluid parcel—the left-hand side is mass (per unit volume) times 

acceleration, while the right-hand side is the sum of forces acting on the fluid 

element. Equation (1.1b) is simply conservation of mass in the context of 
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constant-density flow. In the sequel we will provide alternative forms of these 

basic equations[14].  

1.3.1. Incompressible fluid flow 

A fluid flow is said to be incompressible if volumes of blobs of fluid do not 

change. So we have the general law: A fluid flow is incompressible if and only 

if div u ≡ 0. 

In fact, we have that incompressibility holds if and only if ʃ V(t) div u = 0 for all 

V (t). Since u is a smooth function and V can be any blob, this implies the 

assertion[15]. 

1.3.2. Newtonian and Non-Newtonian fluid flow 

Even among fluids which are accepted as fluids there can be wide differences 

in behaviour under stress. Fluids obeying Newton’s law where the value of µ 

is constant are known as Newtonian fluids. If µ is constant the shear stress is 

linearly dependent on velocity gradient. This is true for most common fluids. 

Fluids in which the value of µ is not constant are known as non-Newtonian 

fluids. There are several categories of these, and they are outlined briefly 

below. These categories are based on the relationship between shear stress 

and the velocity gradient (rate of shear strain) in the fluid. These relationships 

can be seen in the graph below figure 1-12 for several categories[16]. 
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Figure 16-12: Shear stress vs Rate of shear strain for several categories 

In our report we study the incompressible Newtonian fluid flow. 
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2. Contribution 

2.1.  Solve incineration design 

Our study is to find out the pressure and the velocity values for path of water 

from the pump into the water tank of an incineration power plant, so we 

should insert the design of this part of the power plant, which is a freeCAD 

design, into a solver in order to run program and obtain results. 

2.1.1. OpenFOAM solver 

First we used OpenFOAM (finite volume method solver) as solver. We tried 

many methods (use command, change format files…) to input the FreeCAD 

design to the OpenFOAM solver but we didn't manage it. So we changed the 

solver. But one of these methods is the use of Gmsh which can mesh the 

design; we use Gmsh despite we changed the solver because it can mesh a big 

design (water tank 6 meters length and a pipe with 12 meters length) like 

ours.   

2.1.2. Using Gmsh 

Using OpenFoam didn't resolve our study, so we used new meshing software 

- Gmsh (discretization is implemented by finite element method) which we 

used afterwards in the study. 

The first way to solve: 

 

 

 

 

 

 

 

 

Figure 2-1: Chain of tools 1 using OpenFOAM 
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The design of incineration power plant in FreeCAD, from [18]: 

 

Figure 2-2: FreeCAD incineration power plant design 

We obtain meshing design using Gmsh 

 

Figure 2-3: Meshing incineration power plant design 

To input the CAD design into Gmsh we have to save FreeCAD design in 

STEP exchange format (e.g. file.stp). 

We have to say that we tried to input the meshing design into OpenFOAM in 

many ways (using command, change format…), in windows and Linux, but 

we didn't succeed. For this reason we changed the solver and tried another 

chain of tools. 
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2.1.3. Elmer solver 

The Elmer solver implements the finite element method. 

The new way to solve "all in server": 

 

 

 

 

 

 

 

Figure 2-4: Chain of tools 2 using Elmer 

Elmer can read the design of pipe (example: quarter pipe in figure 2-5). Then 

the following is done: 

 

Figure 2-5: Design of a quarter pipe introduce in Elmer 

 Design of pipe with meshing on gmsh and saving in file.msh format 

 Specify the Initial conditions 

 Choose the Navier-Stokes equation 

 Specify the material used (water for the internal face, and steel (stainless) for 

the external face) 

 Define the boundaries in the design before introducing the condition of each 

boundary 

 Select run start solver 

 Then select start ElmerPost (Paraview) or ElmerVTK. 

FreeCAD 

(CAD 

design) 

Gmsh 

(Mesh 

generation) 
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Before we move to the results, we should know how we obtain the initial 

conditions: 

 We need a pump which generates 40 bars (40*10^5 Pa), and we can find 

conditions in Annex 4. 

 So the pressure is 40*10^5 Pa, the flow rate is 450 m^3/h= 0.125 m^3/s. 

 We use water, so density is 1000 kg/m
3
=mass/volume; so

𝑚𝑎𝑠𝑠/𝑠

𝑣𝑜𝑙𝑢𝑚𝑒/𝑠
 ; we can 

deduct that the volume flow Q equal 0.125 m
3
/s. 

 Q=
𝑣𝑜𝑙𝑢𝑚𝑒

𝑡𝑖𝑚𝑒
= 

𝑠𝑒𝑐𝑡𝑖𝑜𝑛∗𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑡𝑖𝑚𝑒
= section*velocity; with 

section=π*radius
2
=0.003 m

2
. 

 So velocity is 41.67 m/s. 

 We observed that the flow is in 2 dimensions in each path, and we assume that 

the values in both velocity directions are equal: 

 When we have vx and vy for example, vx
2
+vy

2
=v

2
 so vx=vy=29.47 m/s, 

and vz=0. 

 And so on. 

And before we show results we have to know some notes to illustrate in the 

figure bellow: 

 

Figure 2-6: Noted design 

Where in the figure 2-6 the pipe (height=12m, radius=0.38m) is connected to a 

Water tank (height=6m, radius=2m) to supply it of water; than the pipe 
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connect with another pipe which connect it to the pump that pumps water 

into the water tank. 

2.1.4. Using Elmer 

First we define setup (see Figure 2-7) for each part which we study: 

 

Figure 2-7: Setup for each part (the same) 

 

 

 

 

 

 

Then we define the equation as seen in Figure 2-8 (Navier-Stokes equation in 

our case): 
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Figure 2-8: Choice of Navier-Stokes equation 

We have to say that in Edit Solver Settings we define the solve properties; e.g. 

number maximal iterations (see Figure 2-9). 



Contribution 

108 

 

Figure 2-9: iteration conditions in Elmer 

Thirdly we introduce the properties of the used material (Figure 2-10): 

 

Figure 2-10: Material used for study 
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But we can choose an existing material like water, as in our case, when the 

properties are already defined. 

Fourthly we introduce the initial conditions (see Figure 2-11) - velocity in m/s 

and pressure in Pa: 

 

Figure 2-11: Initial conditions introduce in Elmer 

We propose that the velocity is beginning by 0 and the pressure 4*10^5 Pa. 

Finally we introduce the boundary conditions that based in the conditions of 

turbine used. 

Boundary conditions divide in two part; inlet boundary conditions where we 

introduce the turbine conditions figure 2-12: 
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Figure 2-12: Inlet boudary conditions given by the turbine 

And outlet boundary conditions where the axes which not affect the flow 

must not be concidered; so it differs from one part to another; we considered 

each part separately. 

First we take a 1 direction fluid flow, fluid flow in the pipe figure 2-13: 

 

Figure 2-13: Meshed pipe viewing in Elmer 
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The outlet condition figure 2-14: 

 

Figure 2-14: Pipe outlet boundary condition 

We have to enter the x and y components, and leave the z component empty 

where the solver gives us the solution. 

Taking now a 2 directions fluid flow, fluid flow in the corner figure 2-15: 
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Figure 2-15: Meshed corner viewing in Elmer 

We see that the water is flowing following x and z axes. The outlet condition 

of corner figure 2-16: 

 

Figure 2-16: Corner outlet boundary condition 
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The water path from pump to the water tank figure 2-17: Now we have to 

discretize the water in the pressure tank using gmsh or Elmer, but Elmer is 

unable to discretize a big design so we use gmsh: 

 

Figure 2-17: Water path meshing in Gmsh 

We introduce the water design to the Elmer software with the initial 

conditions, velocity equation, and boundary conditions that we make in the 

Elmer model: 
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Figure 2-18: Water path illustrated in Elmer 

We see that the water is flowing following y and z axes, so we have to 

introduce the initial conditions following yz plane: 

The outlet conditions of the water path are shown in Figure 2-19: 
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Figure 2-19: Water path outlet boundary condition  
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3. Results and discussion 

We obtain the velocity values (start solver) and visualization (ElmerPost) of 

water in the pipe example that we maked: 

 

Figure 3-1: Elmer velocity color results (in m/s) 

The velocity is changed as follows: 

 

Figure 3-2: Elmer velocity vector results in m/s 

 

 

And the pressure is following the figure 3-3: 
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Figure 3-3: Elmer pressure color results in Pa 

The velocity and pressure values are maximum in the middle than it 

decreases going towards the ends of the pipe and that because of friction of 

pipe in the fluid which illustrated in figures 3-1, 3-2, and 3-3. 

Now we introduce the incineration power plant design (pump-water tank) to 

Elmer software in the following figure: 

 

Figure 3-4: The studied design 

The materialization of water makes us introduce the following design into 

Elmer: 
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Figure 3-5: Water path 

Our study is difficult in a dual core personal computer; so we do the studies 

in a quadcore server networked with the personal computer. We make study 

in the server and move the result (files and figures) to the personal computer. 

After we run the program with the finite element method, we obtain some 

files shown below: 

 

Figure 3-6: Result files in Elmer 
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Case.ep is the file that contains the velocity and pressure values. 

Case.sif is the file that contains the conditions introduced. 

Mesh.boundary is the file that contains number of boundary elements, number of 

elements belongs to the boundaries, the elements surround the boundary, type of 

codes of the elements, and the nodes of elements.  

Mesh.elements is the file that contains identification of the elements, body's material 

of this element, type of code, nodes of element. 

Mesh.header is the file that contains number of nodes, number of elements, and 

number of boundary elements. 

Mesh.node is the file that contains number of nodes, index of parallel execution 

nodes, and the node coordinates. 

Water.FCStd is the FreeCAD design file. 

Water.stp is the gmsh design file. 

And water.msh is the Elmer meshing file.[10] 

 

We remember the coordinate system x,y and z: 

 

 

The color of variable value of velocity and pressure illustration: 
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Figure 3-7: Velocity variation z-component in m/s 

This figure (figure 3-7) of velocity values z component shows that the blue 

color identify the minimum value (or the value which the velocity is in 

opposite direction) of velocity; then the value increases to reach the maximum 

in the red color. 

 

Figure 3-8: Velocity variation x-component in m/s 

In the figure 3-8 we see the same result concerning the arrangement of color 

but for the x-component of velocity. 

And the same for the y-component in the figure 3-9 but we deduct that the 

velocity_y is constant because the flow is following 2-directions x and z. 
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Figure 3-9: Velocity variation y-component in m/s 

So we should interest to the position of green, yellow, and red color for 

velocity and pressure to know where study is should be fixed. 

Moving to the pipe in figures 3-10, 3-11, and 3-12: 

 

Figure 3-10: Velocity variation x-component in m/s 
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Figure 3-11: Velocity variation y-component in m/s 

 

Figure 3-12: Velocity variation z-component in m/s 

Water flowing into the pipe following the z direction so the velocity in the x 

and y direction are null and it is constant following the z direction. 

Now we should show results for the complete path from the pump into the 

water. 
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Figure 3-13: Velocity variation x-component in m/s 

The x-component of velocity for the path water is constant and negligible, 

except in the corner where it reaches 51.3 m/s figure 3-13. 

 

Figure 3-14: Velocity variation y-component in m/s 

The velocity is in the opposite direction of y, except in a part of water tank 

where it reaches 8.4*10^9 figure 3-14. 
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Figure 3-15: Velocity variation z-component in m/s 

The velocity in the opposite of z direction, except in a part of water tank 

where it is reaches 60 m/s figure 3-15. 

We have to note that the pressure is constant in the all water path figure 3-16: 

 

Figure 3-16: Pressure variation in Pascal 
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4. Conclusion and future work 

Our study was to know the fluid flow pressure and velocity of a part of an 

incineration power plant using finite element method. We investigated the 

path of water and evaluated the velocity and pressure for the pipe which 

feeds water from the pump to the pressure tank under conditions which we 

introduced. We used FreeCAD to draw the design, then Gmsh for meshing 

and at the end Elmer for solving (the fluid dynamic equations) and 

visualizing (the resulting flow). 

The velocity and pressure values that we obtain are necessary for knowing 

the conditions of material used in the design, and for improvement of the 

incineration power plant by adding a valve or vary the thickness. 

It shall also be remarked that OpenFOAM can solve the CFD problem but our 

study was limited in time, so the OpenFOAM study should be continued and 

the correct command should be found so that we can insert the FreeCAD 

design (or Gmsh meshing design) into OpenFOAM and solve it to find 

velocity and pressure using the finite volume method, and visualize using 

Paraview. 

And we have to say that our study concerned the incompressible fluid flow, 

so it is probably to change the condition of study and add the necessary 

condition to study the compressible fluid flow for example. So our study is 

open to use by another students to continue it. 

And we have to know that our study is not just useful for the steam path to 

incineration power plant, it is useful for any domain of fluid mechanic when 

it is important to discretize the domain and obtain results which can use in 

industrial applications.  
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6. Annex 

6.1. Annex 1: Planning in March 2015 

 
6.2. Annex 2: Updated Planning July 2015 
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6.3. Annex 3: Tool chains used for CFD analysis 
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6.4. Annex 4: Offers for 30 MW Steam Turbine and Pump 

 

Budget Price for STG 29.33: FOB 3.150.000 EUR (Offer from 12 Oct 2015) 
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http://www.sterlingsihi.com/cms/home/products-services/liquid-pumps/high-pressure-

pumps.html 

http://www.sterlingsihi.com/cms/home/products-services/liquid-pumps/high-pressure-pumps.html
http://www.sterlingsihi.com/cms/home/products-services/liquid-pumps/high-pressure-pumps.html
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1.5 MW Turbine Design 

Based on Master Thesis of Malak Zoebi, 2016 
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NLAP 1.5 MW Incineration Power Plant, Technical&Business 
Specification 

 ئيية عن طري  رر  النااات  حجمممحطة طاقة كهربا

1.5 MW 

 والادارية الانية المواصاا 
 

NLAP 1.5 MW Incineration Power Plant, Technical&Business 

Specification 

 

Last update: 6. 2. 2019 

 

Authors: 

Samir Mourad, Maysaa Kamareddine, Malak Zoebi 

Responsible for Document: Samir Mourad 

هذا المشروع يهدف الى تصنيع اول محطة صنع معظم الاجزاء من مؤسسة طاقة الشمال ومن ضمن 
 ذلك التوربين.
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 (Requirements) الاحتياجات 71

 مثال لوضع الاحتياجات 7177
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 (System designتصميم المنظومة ) 71
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 (Turbineالتوربين ) 71

 FreeCAD تصميم في برنامج 7177

  

D:\NLAP\NLAP-

FreeCAD_DATABASE\TURBINE\1.5MW_14bar_195C\turbine_integration

\071216-NLap-1.5 MW Plant_steam turbine.FCStd 
071216-NLap-1.5 

MW Plant_steam turbine.FCStd
 

19.2 Parts and costs of  our 1.5 MW steam turbine 

Name 3D design  عدد
القطع 
 المطلوبة
#pieces 

 كياية الصناعة
How it is 

manufactured 

Material   سعر
القطعة 
 الواردة

FB-FS2 Figure 

1 

 

22 CNC 

machine 

Stainless steel 50$ 

                                                   

 2 FB-FS: Fixed blades for the first stage. 
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FB-SS3 Figure 

2 

 

23 CNC 

machine 

Stainless steel 50$ 

MB-FS4 Figure 

3 

 

58 CNC 

machine 

Stainless steel 50$ 

MB-SS5 Figure 

4 

 

58 CNC 

machine 

Stainless steel 50$ 

Outer 

cylinder 

for FB-

FS 

Figure 

5 

 

1 CNC 

machine 

  

Outer 

cylinder 

for FB-

SS 

Figure 

6 

 

1 CNC 

machine 

  

                                                   

 3 FB-SS: Fixed blades for the second stage. 

 4 MB-FS: Moving blades for the first stage. 

 5 MB-SS: Moving blades for the second stage. 
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Inner 

cylinder 

for FB-

FS 

Figure 

7 

 

1 CNC 

machine 

  

Inner 

cylinder 

for FB-

SS 

Figure 

8 

 

1 CNC 

machine 

  

Cylinder 

for MB-

FS 

Figure 

9 

 

1 CNC 

machine 

  

Cylinder 

for MB-

SS 

Figure 

10 

 

1 CNC 

machine 

  

Bearings Figure 

11 

 

2 CNC 

machine 
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Case 

(upside) 

Figure 

12 

 

1 CNC 

machine 

  

Case 

(down 

side) 

Figure 

13 

 

1 CNC 

machine 

  

Shaft Figure 

14 

 

1 CNC 

machine 

  

 

Note: that cost is without the material only for the CNC  machining. 

 
Figure 17 
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Figure 18 

 

 
Figure 19 

 

 
Figure 20 
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Figure 21 

 

 
Figure 22 
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Figure 23 

 

 

 
Figure 24 
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Figure 25 

 

 
Figure 26 



NLAP 1.5 MW Incineration Power Plant, Technical&Business Specification 

 

171 

 

 
Figure 27 

 

 

Figure 28 
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Figure 29 

 

 

 

 
Figure 30 

19.3 FreeCAD 2D Drawings of Turbine for manufactoring 

19.3.1 Drawing a FreeCAD 3D object to 2D 

Follow those step to obtain it: 

1 Select in “Start “menu, the part section. 
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2 Create simple copy of the object that was designed, or import an exported file of a 

Free CAD. 

 

3 Select “Edit” in the toolbar, copy then paste. (After selecting of the object). 
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4 Select in Start menu, the “drawing” section. 

 

 

5 Select “A3” then “A3 Landscape”. 
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6 Double click on the folder named “page” in the left,         “data” in down,         3 

points in left of “Editable Texts” then you can change texts in the option pane. (Then 

it is changed in the rectangle down). 

 

 

7 Select the part and the page in the left together (by CTRL),             insert an 

orthographic projection of a part in the active drawing. 
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8 Choose Z +ve, in view form, and then put the right symbol in two cases. 

 

9 You can insert a new view, then change the placement of the view according to the 

placement of the others. 
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10 In the start menu, use the “sketcher” for putting any lines or other, then you can put 

it on the drawing sheet by select an icon in the draft section. (After selection the 

“page” and the “sketcher” together). And also you can inserts an annotation (after 

selection of the objet and page together). 

 

 

You obtain as this (for example): 
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19.3.2 2D drawings of our 1.5 MW turbine 

 

          Name 2D Drawing 

 

 

 

 

 

 

FB-FS 

 

 

 

 

 

 

 

FB-SS 

 

 

 

 

 

 

 

MB-FS 
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MB-SS 

 

 

 

 

 

 

 

 

Outer cylinder 

for FB-FS 

 

 

 

 

 

 

 

 

Outer cylinder 

for FB-SS 
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Inner cylinder 

for FB-FS 

 

 

 

 

 

 

 

Inner cylinder 

for FB-SS 

 

 

 

 

 

 

 

 

Cylinder for MB 
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Bearings 

 

 

 

 

 

Case (upside) 

 

 

 

 

 

 

 

Case (down 

side) 

 

 



 (Turbine) التوربين

182 

19.4 Steam system parameters for a 2MW Turbine (14 bar, 195°C)  

 

Required steam: about 2500 kg / hour. 

19.4.1 Calculation details 
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19.5 Competetors: Backpressure Steam Turbines (500kW, 3 MW, 15 MW): Cost 
($/kW) and Performance Characteristics  

 System 

Steam Turbine Parameters6 1 2 3 

Nominal Electricity Capacity (kW) 500 3000 15000 

Typical Application Industrial, 

PRV 

application 

Industrial, 

universities,hospitals 

Industrial, 

universities, 

hospitals 

Equipment Cost ($/kW)7 668 $ 401 $ 392 $ 

Total Installed Cost ($/kW)8 1136 $ 682 $ 666 $ 

O&M Costs9 0.010 $ 0.009 $ 0.006 $ 

Turbine Isentropic Efficiency (%)10 52.5 % 61.2 % 78.0 % 

Generator/Gearbox Efficiency (%) 94 % 96 % 96 % 

Steam Flow (lbs/hr) 20050 152600 494464 

Inlet Pressure (psig) 500 600 700 

Inlet Temperature (° Fahrenheit) 550 575 650 

Outlet Pressure (psig) 50 150 150 

Outlet Temperature (° Fahrenheit) 298 373 379.7 

CHP System Parameters 1 2 3 

Boiler Efficiency (%), HHV 80 % 80 % 80 % 

Electric Efficiency (%), HHV11 6.27 % 4.92 % 7.31 % 

Fuel Input (MMBtu/hr) 27.2  208.3  700.1 

Steam to Process (MMBtu/hr) 19.9 155.7 506.8 

Steam to Process (kW) 5844 45624 148484 

Total CHP Efficiency (%), HHV12 79.60 % 79.68 % 79.70 % 

Power/Heat Ratio13 0.086 0.066 0. 101 

Net Heat Rate (Btu/kWh)14 4541 4540 4442 

                                                   

6Characteristics for “typical” commercially available steam turbine generator systems provided by Elliott 

Group. 

7Equipment cost includes turbine, gearbox, generator, control system, couplings, oil system (if required), 

and packaging; boiler and steam system costs are not included. 
8Installed costs vary greatly based on site-specific conditions; installed costs of a “typical” simple 

installation were estimated to be 50-70% of the equipment costs. 

9Maintenance assumes normal service intervals over a 5 year period, excludes parts. 

10The Isentropic efficiency of a turbine is a comparison of the actual power output compared to the ideal, 

or isentropic, output. It is a measure of the effectiveness of extracting work from the expansion process 

and is used to determine the outlet conditions of the steam from the turbine. 

11 CHP electrical efficiency = Net electricity generated/Total fuel into boiler. A measure of the amount of 

boiler fuel converted into electricity. 

12Total CHP efficiency = (Net electricity generated + Net steam to process)/Total fuel into boiler. 

13Power/Heat Ratio = CHP electrical power output (Btu)/useful heat output (Btu). 

14Net Heat Rate = (total fuel input to the boiler - the fuel that would be required to generate the steam to 

process assuming the same boiler efficiency)/steam turbine electric output (kW). 
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Effective Electrical Efficiency (%), 

HHV 

75.15 75.18 76.84 

Heat/Fuel Ratio15 0.733 0.748 0.724 
 

Equipment costs shown include the steam turbine, gearbox, generator, control system, couplings, 

oil system (if required), and packaging. Installed costs vary greatly based on site-specific 

conditions. Installed costs of a “typical” simple installation were estimated to be 50-70 percent of 

the equipment costs. Boiler and steam system costs are not included in these estimates. 

19.5.1 Performance Losses 

Steam turbines, especially smaller units, may leak steam around blade rows and out the end seals. 

When the turbine operates or exhausts at a low pressure, as is the case with condensing steam 

turbines, air can also leak into the system. The leakages cause less power to be produced than 

expected, and the makeup water has to be treated to avoid boiler and turbine material problems. 

Air that has leaked needs to be removed, which is usually done by a steam air ejector or a fan 

removing non-condensable gases from the condenser. 

Steam turbine applications usually operate continuously for extended periods of time, even 

though the steam fed to the unit and the power delivered may vary (slowly) during such periods 

of continuous operation. As most steam turbines are selected for applications with high duty 

factors, the nature of their application often takes care of the need to have only slow temperature 

changes during operation, and long startup times can be tolerated. Steam boilers similarly may 

have long startup times, although rapid start-up boilers are available. 

19.5.2 Maintenance  

Steam turbines are very rugged units, with operational life often exceeding 50 years. Maintenance 

is simple, comprised mainly of making sure that all fluids (steam flowing through the turbine and 

the oil for the bearing) are always clean and at the proper temperature with low levels of moisture 

or high steam quality or superheat. The oil lubrication system must be clean and at the correct 

operating temperature and level to maintain proper performance. Other items include inspecting 

auxiliaries such as lubricating-oil pumps, coolers and oil strainers and checking safety devices 

such as the operation of over speed trips. 

In order to obtain reliable service, steam turbines require long warm-up periods so that there are 

minimal thermal expansion stress and wear concerns. Steam turbine maintenance costs are 

typically below $0.01/kWh. Boilers and any associated solid fuel processing and handling 

equipment that is part of the boiler/steam turbine plant require their own types of maintenance 

which can add $0.02/kWh for maintenance and $0.015/kWh for operating labor. 

                                                   

15Effective Electrical Efficiency = (Steam turbine electric power output) / (Total fuel into boiler – (steam to 

process/boiler efficiency)). Equivalent to 3,412 Btu/kWh/Net Heat Rate. 

* For typical systems available in 2014. 
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One maintenance issue with steam turbines is that solids can carry over from the boiler and 

deposit on turbine nozzles and other internal parts, degrading turbine efficiency and power 

output. Some of these are water soluble but others are not. Three methods are employed to remove 

such deposits: 1) manual removal; 2) cracking off deposits by shutting the turbine off and allowing 

it to cool; and 3) for water soluble deposits, water washing while the turbine is running. 

An often-overlooked component in the steam power system is the steam (safety) stop valve, which 

is immediately ahead of the steam turbine and is designed to be able to experience the full 

temperature and pressure of the steam supply. This safety valve is necessary because if the 

generator electric load were lost (an occasional occurrence), the turbine would rapidly over speed 

and destroy itself. Other accidents are also possible, supporting the need for the turbine stop valve, 

which may add significant cost to the system. (4) 

19.5.3 Steam Turbine Lubricating oil Characteristics 

Mostly turbine of steam power plant may have its rotational 3000 rpm to produce required power. 

Due to friction the temperature of bearing, rotor may increase which, combined with other factors, 

may leads to the failure of bearing hence produce a serious damage to turbine and plant. Plant 

stability, production depends on the turbine and turbine stability depends on bearing life as 

bearing will always be damage first. This causes the shutdown of power plant and hence gives a 

loss of money. Lubricant has vast effect on the life of bearing that’s why much care should be 

given while selecting it. We are going to be familiar with some of the properties, a lubricant should 

have. (5) 

19.5.3.1 Background 

For the turbine shaft to move freely, it rides upon several lubricant-filled bearings. These bearings 

are usually simple bearings into which the lubricating oil is pumped under high pressures. The oil 

lubricates the bearing through hydrodynamic lubrication. The bearings and the shaft are separated 

by a pressurized film of oil to prevent any metal-to-metal contact. 

Figure 3 is a simple illustration of the general components and travel route of turbine oil in a steam 

turbine lubrication system. 

Along with providing lubrication to the shaft bearings, the lubricant also lubricates the oil pump, 

and in some systems is used as a turbine control fluid in the hydraulic governing system. Many 

steam turbines have an isolated governing system that contains its own fluid. In order to ensure 

that the high-pressure lubricant is properly supplied to the bearings, it is pumped from an oil tank 

(reservoir), through an elaborate system of flow control valves, an oil cooler, through the bearing, 

and finally back to the oil tank. 

The oil is constantly agitated as it circulates through the system. This agitation is important to note, 

as it provides both benefits and challenges for the oil during its lifetime in the turbine. 
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Figure 31: Steam turbine lubrication system (6) 

19.5.4 Viscosity 

The journal and thrust bearings of steam turbines require lubrication. Oils having higher viscosity 

provide a greater margin of safety in the bearings. However, its friction losses are high. In high-

speed turbines, the heat generation becomes significant. Most oils used in this service have 

International Organization for Standardization (ISO) viscosity grade 32. Higher viscosity is used in 

some applications, ISO viscosity grade 46 (41.4 to 50.6 CST at 40°C). (5) 

19.6 Turbine bearing 

19.6.1 Introduction 

Bearings are used to prevent friction between parts during relative movement. In machinery they 

fall into two primary categories: anti-friction or rolling element bearings and hydrodynamic 

journal bearings. The primary function of a bearing is to carry load between a rotor and the case 

with as little wear as possible. This bearing function exists in almost every occurrence of daily life 

from the watch on your wrist to the automobile you drive to the disk drive in your computer. In 

industry, the use of journal bearings is specialized for rotating machinery both low and high 

speed. 

The purpose of using the bearing غايات إستعمال البيرنغ 

Seals: we use it for not moving right or left لا شمالاً ولا يميناً  تتحرك كي لا  نستعملها  
Journal bearings: Maintain orthogonally تحافظ على التعامدية 
Thrust bearings: Keeps the pivotal تحافظ على المحورية 
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To know how bearing is manufactured, watch this video in the link:  

https://www.youtube.com/watch?v=x-cN2TRmVMk 

 

Figure 32: Min bearings for steam turbine 

https://www.youtube.com/watch?v=x-cN2TRmVMk
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Table 3: Material for bearings 

 

19.7 Materials needs and calculations 

The range of alloys used in steam turbines is relatively small, partly because of the need to ensure 

a good match of thermal properties, such as expansion and conductivity, and partly because of the 

need for high temperature strength at acceptable cost. The commercial alloys used depend on the 

maximum temperatures and pressures to which specific components will be exposed, and these 

are heavily dependent upon the detailed design of the turbine, which can vary significantly among 

the various manufacturers. Since this is the case, the starting point for any overall discussion of 

materials issues is to list the main components of interest, and to identify the conditions under 

which they will be required to operate. The main components considered here are: the turbine 

casing/shell (including the steam chest), cylinders and valve bodies; bolting; turbine rotors or 

discs; and vanes and blades. 

The inner cylinder and steam chest should be fabricated from the same material as the rotor, to 

avoid thermal mismatch. 

The alloys most commonly used for steam turbine rotors and/or discs are the CrMoVWNbN steels, 

which can vary in chromium content from 1-13% depending on the preference of individual 

manufacturers. 

These alloys are widely used up to a temperature limit of about 566°C, and the higher-W, lower-

Nb and -C versions are capable of 593°C. (7) 

 

Choose for the shaft AISI 4340 Alloy Steel  

And for the casing cast iron. 

Its proprieties are shown in the table below: 
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Table 4: properties of AISI 4340 Alloy Steel. (8) 

 

 

So rigidity equal to 79979185 N/ 𝑚2 (it is called also shear modulus). 

Notice that 1 ksi (Pound force per square inch) = 6894.76 N/𝑚2. 

Twisting moment: 

P=𝑀𝑡 × 𝑤 

𝑀𝑡=
𝑃

𝑤
=

1.5×106

2𝜋×3000

60

= 4774.65 N.m. 

 

Shear stress: 

𝐼𝑝=
𝜋𝐷4

32
=

𝜋×1004

32
= 9817477.042𝑚𝑚4. 

𝜏 =
𝑀𝑡×𝑟

𝐼𝑝
=

4774.65×103×50

9817477.042
= 24.317N/𝑚𝑚2. 

 

Torsional deflection: 

𝜃𝐺

𝐿
 =

𝑀𝑡

𝐼𝑝
=

𝜏

𝑟
. 
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Figure 76 (Image 

courtesy of Hurco North 
America.) 

 

Figure 33 stress distribution  

𝜃 =
𝑀𝑡𝐿

𝐼𝑝
. 

𝜃 =
4774.65×103×700

79979185×9817477.042
=4.26× 10−6 rad. 

𝜃 =4.26× 10−6 rad =4.26× 10−6 ×
360

2𝜋
=2.44× 10−4 . 

Stainless steel type 403 is a special high quality steel made for blades and buckets for steam turbine 

and jet engine compressors. This grade is eminently suited for very highly stressed parts. This 

material is magnetic in all conditions. 

19.8 5D CNC machining 

19.8.1 What is 5-Axis? 

When someone uses the term “5-axis” they are typically referring to the ability of a CNC machine 

to move a part or a tool on five different axes at the same time. 3-axis machining centers move a 

part in two directions (X and Y), and the tool moves up and down (Z). 5-Axis machining centers 

can rotate on two additional rotary axes (A and B) which help the cutting tool approach the part 

from all directions. 

19.8.2 Basics of axis configuration 

To understand machine configurations, it’s important to understand the basic terminology of 5-

axis machining centers. If you think in terms of a 3-axis machining center, it has an X-axis, Y-axis, 

and Z-axis. With a 5-axis machining center, the additional rotary axes will rotate about two of 

those three primary axes. 

 

The axis that rotates about or under the Z-axis is called the C-axis. 

The axis that rotates about the Y-axis is called the B-axis. 

The axis that rotates about the X-axis is called the A-axis. (1) 

 

 

 

Although there are 6-axis CNC machines, such as Zimmermann’s FZ 100 Portal milling machine, 

5-axis configurations are more common, since adding a sixth axis typically offers few additional 

benefits. 
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One last note about axis-labeling conventions: in a vertical machining center, the X- and Y-axes 

reside in the horizontal plane while the Z-axis resides in the vertical plane. In a horizontal 

machining center, the Z-axis and Y-axis are reversed. See the diagram below: (2) 

 
Figure 35 (Image courtesy of Cameron Anderson/Aerotech.) 

19.8.3 How a router works 

The power behind any router is its CAD/CAM software. The CAD software allows the user to 

create a design they want the router to cut. Once this design has been made, the CAM software 

converts the design into a tool path code that the router can understand. 

The computer then translates this code into signals that control the movement of the router’s drive 

system. The drive system contains the spindle, which is the part that holds the actual router bits. 

The spindle rotates these bits 8,000 to 50,000 times per minute in order to cut the material. Simply 

put, the user creates a design and uses software to make instructions for the router to follow. 

19.9 3-axis routers vs. 5-axis routers 

Now that you have a working knowledge of how a router works you can better understand the 

differences between various models. Although 4-axis routers exist, the most common CNC routers 

available and the ones MultiCam Canada offers are 3 and 5-axis routers. 

3-axis CNC routers cut along three axes at the same time; the x-axis, the y-axis, and the z-axis. 

Cutting along the x-axis moves the router bit from front to back, cutting along the y-axis moves it 

from left to right, and cutting across the z-axis moves it up and down. These machines are used 

primarily for cutting flat, 2-dimensional parts. 

5-axis CNC routers can cut along two additional axes than 3-axis routers. These routers have the 

ability to cut on five sides of a piece of material simultaneously, which expands the operator’s 

capabilities and flexibility. Unlike their 3-axis counterparts, these machines are usually used to cut 

large 3-dimensional parts. In addition, 5-axis routers have a taller gantry and longer x-axis, which 

allows them to cut larger part; however, this comes at a serious cost; the taller the gantry and the 

longer the x-axis, the less the accurate and stable these machines are. For proper quality control, 

the height of the gantry and the length of the x-axis should be limited as much as possible. 

Although routers seem like simple machines, they are highly sophisticated pieces of technology 

that require a certain level of expertise to operate. 5-axis routers tend to be more expensive than 

traditional 3-axis models, but ultimately offer greater flexibility and enable users to be more 

creative with their designs. (3) 

19.10 Thermal efficiency if the steam is superheated 

We worked on a steam turbine which has a power of 1.5 MW. 
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This turbine is composed of two parts, and each part has two stages. 

The electric efficiency is equal to 0.96; mechanic efficiency is equal to 0.95; interne efficiency of 

turbine is equal to 0.9. 

Entry pressure for the turbine is 14 bars, and the entry temperature is 250°C. The pressure in the 

condenser is 12 kPa. 

Figure 20 shows the installation of an incineration power plant with the steam turbine in that case.  

 

Figure 36 installation  

 

 

Figure 37 Rankine cycle  

Calculate enthalpy, entropy, etc… for each point. 

So the thermal effenciency is : 
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η=
𝑁𝑒𝑡 𝑤𝑜𝑟𝑘

𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑠𝑡𝑒𝑎𝑚 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙
=

Δ𝑊𝑛𝑒𝑡

𝑄
; 

η=
(ℎ₁−ℎ₂)+(1−�̇�1)(ℎ₃−ℎ₄)−[(1−�̇�1)(ℎ₆−ℎ₅)+(ℎ₈−ℎ₇)]

(ℎ₁−ℎ₈)+(1−�̇�1)(ℎ₃−ℎ₂)
; 

η=
(2926.56−2665.22547)+(1.0.14395)(2865.6−2392.85925)−[(1−0.14395)(207.388−207.1)+562.3−561.2)]

(2926.56−562.2)+(1−0.14395)(2865.6−2665.22547)
 

              η=26.26%. 

19.11  Dynamo generator  

A generator 1 MW cost 7000 $ from alibaba 

 

19.12 Quotation to 1.5 MW  steam turbine  

 

 

 



 (Turbine) التوربين
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s  
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19.12.1 Suppliers 

1-QNP/Sandong Qingneng Power Group Co., Ltd. 

Shandong Qingneng Steam Turbine Co.,Ltd. 

3011 Haidai North Road, Qingzhou City, 

Shandong Province, P. R. China 

Mobile phone: +86-13721955251 (WeChat)  

Tel: +86-536-3280887 



 (Turbine) التوربين
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Fax: +86-536-3259399 

E-mail: mark@qnpower.com 

http://www.qnpower.com 

 

2-MAN Energy Solutions Middle East LLC/www.man-es.com/Phone   

+971 4 423 7733 

Direct   +971 4 875 1011  

Mobile +971 50  6537620 

Fax        +971 4 455 9071 

Jihad.Aoun@man-es.com 

 

3-Bio sun power/Turkish /habib.kacokaya@biosunpower.com 

 

 

 

 

mailto:/habib.kacokaya@biosunpower.com
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 (Condenserالمكثف ) 02

20.1 Condenser Specification 

 Length: 6 m, Number of tubes 530  

 1 inch tubes (50cm as rad 20’’;6 m) 

 Heat transfer between steam and water  

 FreeCADنموذج ببرنامج  0270

 
 

D:\NLAP\NLAP-FreeCAD_DATABASE\Condensor\1.5MWel_condensor 

27-11-2016.FCStd 
1.5MWel_condensor 
27-11-2016.FCStd

 

20.3 Cooling of condenser 

20.3.1 Sea water desalting unit for condenser cooling cycle (schema) 

 

 

Schematic of a multistage flash desalinate 

A – steam in, B – seawater in, C – potable water 

out, D – waste out, E – steam out , F – heat 

exchange, G – condensation collection, H – brine 

heater 

https://en.wikipedia.org/wiki/Multistage_flash_distillation


 (Condenser) المكثف
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 FreeCADنموذج ببرنامج  027.70

 

 

 

 

 للتاصيل انظر الملف
D:\NLAP\Facility\010117NLAP-Facility2017-18_TechnicalSpecification.pdf 
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20.4 Cost for cooling with fresh sea water cycle (only with piping to sea) 

متر انابيب 1000متر بعيد من البحر:  500  

Cooling 

Length [m] قصتر 6 متر#

Price per

 pipe element Total price

Pipes 1000 167 $30 $5,000

#Pumps Price per pump

Pumps 2 $200 $400

Total cooling

$5,400  

 



Water tank اهالمي خزان 
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07 Water tank المياه خزان 

Length:6 m 

Width:2 m 

Hight:2 m 

12 sheet of steel / (1:2m)/thickness :4 mm 
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 مدخل النفايات 00

 

 



 (Incinerator and vaporizer) والمبخر المحرقة

206 

 (Incinerator and vaporizer) المحرقة والمبخر .0

Climbing Tubes: 

 vertical: 216 tubes (2 inch, 2.5 m) 

 horizontal : 216 tubes (2 inch, 1 m) 

 4 tubes (4 inch, 12 m ) 

 216 flosses (sheets) (2 inch)  

Sheets: 
 30 sheets (1:2 m) with thickness 4 mm  

 12 sheet (1:2 m) with thickness 4 mm  

 12 sheet (1:2 m) with thickness 4 mm to the incinerator  

 sheet should be steel or stainless 306 

 vaporiser : tube (rad=4‘‘, length 12 m) 

Tube: between condenser and turbine : 

2 tubes: length (6m), diameter: 4 inch 

tube between pressure  and turbine: length (6m), diameter (2 inch)  

Pressure vessel: length: 12 m, diameter: 0,6 m, thickness: 16 mm (or more) 
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27-11-16_1.5MWel_i
ncinerator.FCStd
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24 Norms 

24.1 List of properties of saturated steam  
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25 Standards 

Reference of those informations: http://www.druckgeraete-online.de/seiten/anf_dampf.htm 

25.1 General 

No Text of Annex I of the Pressure Equipment Directive Water tube 

boiler  

EN 12952-1 to 

17 

Shell boiler E

N 12953-1 to 

14 

Other 

standards 

1.1 Pressure equipment shall be designed, manufactured, tested 

and, if necessary, equipped and installed in such a way as to 

ensure its safety when put into service in accordance with the 

manufacturer's instructions or under reasonably foreseeable 

conditions.  

[ Guideline E-03 | Guideline H-07 | Guideline H-15 ] 

تصمم معدا  الضغط وتصنع وتختبر ، وإذا لزم الأمر ، مجهزة ومركبة بطريقة تضمن سلامتها 

  .عند وضعها في الخدمة وفقاً لتعليما  الشركة الصانعة أو في ظروف معقولة بشكل معقول

 [ H-15 التوجيهي | H-07 المبدأ التوجيهي | E-03 المبدأ التوجيهي ]

EN 12952-1 : 

1.1 
 

EN 12953-

1 : 

1.1; 1.2;1.3 

 

 

1.2 When choosing the most appropriate solutions, 

the manufacturer must observe the following 

principles, in the order given:  

[ Guideline D-07 | Guideline H-15 ] 

- Elimination or reduction of hazards where 

reasonably possible; 

- application of appropriate protective measures 

against unavoidable hazards; 

- where appropriate, informing the user of the 

residual hazards and instructions on appropriate 

special measures to reduce the risks of 

installation and / or use. 

عنداختيارالحلولالأكثرملاءمة،يجبعلىالشركةالمصنعةمراعاةالمبادئ

  :التالية،بالترتيبالمعطى

 [ H-15 التوجيهي | D-07 المبدأ التوجيهي ]

 القضاءأوالحدمنالمخاطرحيثمايكونذلكممكناًبشكلمعقول؛ -

يرالحمايةالمناسبةضدالمخاطرالتيلامفرمنها؛تطبيقتداب -  

عندالاقتضاء،إبلاغالمستخدمبالأخطارالمتبقيةوتعليماتبشأنالتدابير -

 .الخاصةالمناسبةللحدمنمخاطرالتركيبو/أوالاستخدام

 

 

 

  EN 764-7 : 4; 

1.3 If the possibility of improper use is known or 

foreseeable, the pressure equipment shall be 

designed to prevent the risk of such use or, if this 

is not possible, to adequately warn against the 

improper use of the pressure equipment. 

  EN 764-7 : 

6.6.2.1;6.6.2.3; 

http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidD-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidD-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
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[ Guideline E-04 | Guideline H-07 | Guideline 

H-15 ] 

ذا كانت إمكانية الاستخدام غير السليم هو معروف أو يمكن التنبؤ بها، ويجب أن تصمم المعدا  
الضغط حجيث يتم منع خطر من هذا الاستخدام، أو إذا لم يكن ذلك ممكنا، ورذر من الاستخدام 
 .غير السليم للمهاز الطباعة بطريقة مناسبة

 

25.2 Interpreta
tin  

    

     

2.1 General 

pressure equipment must be designed 

professionally, taking into account all the factors 

that are critical to ensuring the safety of the 

equipment throughout its lifetime. The design 

incorporates appropriate safety factors using 

comprehensive methods that are known to 

consistently incorporate appropriate safety 

margins for all relevant types of failure.  

[ Guideline E-03 | Guideline E-05 ] 

يجبتصميممعداتالضغطالعامةبشكلاحترافي،معالأخذبعينالاعتبارجميع

يتضمنالتصميمعوامل .العواملالهامةلضمانسلامةالمعداتطوالعمرها

السلامةالمناسبةباستخدامأساليبشاملةمعروفةباستمراربإدراجهوامشالسلامة

  .المناسبةلجميعأنواعالفشلذاتالصلة

[ 

 

 

EN 12952-3 : 

5.1 to 5.9; 6.1 

to 6.3; 8.4 

EN 12953-

3 : 5..1 to 

5.7; 

EN 764-7 : 

6.1; 6.6.2; 

     

2.2 Design to the required load capacity 

  

EN 12952-8 : 

4.2.1;4.2.2; 4.

2.3; 4.2.5; 

    

     

2.2.1 Pressure equipment shall be designed for loads 

appropriate to its intended use and other 

reasonably foreseeable operating conditions. In 

particular, the following factors should be 

considered:  

[ Guideline A-42 | Guideline A-48 | Guideline 

A-56 |Guidelinصمممعداتالضغطللأحمالالمناسبةللاستخدام

علىوجهالخصوص،ينبغيالنظر.المقصودوظروفالتشغيلالأخرىالمعقولة

 [ e B-21 |Guideline H-07 :فيالعواملالتالية

 

EN 12952-3 : 

3.1; 3.2 

EN 12953-

3 : 6.1; 

  

-  

Internal and external pressure;الضغطالداخليوالخارجي  

 

 

Internal press

ure: EN 
12952-3 : 5.2-

1.Section.; 7.1;

 7.2; 8.1;8.2; 8

.3; 9.3; 10.2;1

0.3; 10.4; 11.2

; 11.3;12.1; 12

.2; Appendix A; 

External 

pressure:  

EN 12952-3 : 

5.6.3; 

     

- ambient and operating temperatures; 

 

EN 12952-3 : 

6.1; 6.2 

  

http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-42.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-48.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-56.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-56.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-07.php
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 درجاتالحرارةالمحيطةوالتشغيلية

 

- Static pressure and filling weights under 

operating and test conditions; 

 
وملءالأوزانتحتظروفالتشغيلوالاختبارضغطثابت  

 

EN 12952-3 : 

5.7.2 (a); 7.3; 

     

- Belastages from traffic, wind and earthquakes;  

 خسائرمنحركةالمروروالرياحوالزلازل -

 

EN 12952-3 : 

5.3; 

     

-  

Reaction forces and moments related to 

supporting elements, fixings, piping, etc .; 

قواتردالفعلواللحظاتالمتعلقةبدعمالعناصر،المثبتات،الأنابيب،وماإلى

ذلك  

EN 12952-3 : 

5.3;5.9; 7.4; 1

1.5; 

     

- corrosion and erosion, material fatigue, etc .; 

 
 التآكلوالتآكل،التعبالمادية،وماإلىذلك؛

 

EN 12952-3 : 

5.8;7.1.2; 10.2

.1.1; 13;Annex 

AA.3; Appendix 

B 

     

- Decomposition of unstable fluids. 

 تحللالسوائلغيرالمستقرة

 

        

- Different loads which can occur simultaneously 

must be taken into account, taking into account 

the probability of their simultaneous occurrence. 

يجبأنتؤخذفيالاعتبارالأحمالالمختلفةالتييمكنأنتحدثفيوقتواحد،

 .معالأخذبعينالاعتباراحتماليةحدوثهافيوقتواحد

 

EN 12952-3 : 

5.2;5.3; 6.2; 7.

3; 7.4; 7.5; 

  

    

     

2.2.2 The design for the required load capacity is based 

on the following procedures: 

 يعتمدتصميمسعةالحمولةالمطلوبةعلىالإجراءاتالتالية

  EN 12953-

3 : 6 to 13 

  

  -In general, a method of calculation according to 

2.2.3, supplemented if necessary by an 

experimental design method in accordance with 

2.2.4, [ Guideline E-01 | Guideline E-07 ] 

or 

سطةطريقة،تسُتكملإذالزمالأمربوا2.2.3عمومًا،طريقةحسابوفقاًلـ

تصميمتجريبية  

 

 

EN 12952-3 : 

7 to 

11;8.4; 12.2; 7

.5;Appendix 

A; Annex B; 

    

  - an experimental design method without 

calculation, in accordance with 2.2.4, if the 

product of the maximum allowable pressure (PS) 

and the volume V is less than 6 000 bar •  طريقة

،إذاكانناتجالحدالأقصى2.2.4تصميمتجريبيةبدونحساب،وفقاًللمعيار

بار6000أقلمن V والحجم (PS) المسموحبهمنالضغط  • l أوالمنتج 

PS • DN بار3000أقلمن .l or the product PS • DN is 

less than 3000 bar. 

 

EN 12952-3 : 

12.1; 

    

http://www.druckgeraete-online.de/seiten/guidlines/guidE-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-07.php
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2.2.3. calculation method 

a) Compressive strength and other 

loading aspects 

For pressure equipment, the permissible 
loads shall be limited in terms of the 

reasonably foreseeable failure 

possibilities depending on the operating 

conditions. For this purpose, safety 

factors must be applied which make it 

possible to completely cover all 

uncertainties due to production, actual 

operation, load, calculation models, 

material properties and material 

behavior.  

The calculation methods shall provide 

adequate safety margins according to 

the conditions of Section 7, if applicable. 

 

In order to meet the above 

requirements, one of the following 

methods, which may be appropriate, 

may be used in addition or in 

combination: 

 طريقة الحساب

 أ( احتواء الضغط وغيرها من الجوانب تحميل
الضغطيجبالمسموحالضغوطمنحيثوسائطفشلمتوقعةإلىحدللمعدات

يجبتطبيقهذهعواملالسلامةللقضاءتماما .معقولللحدتبعالظروفالتشغيل

أيعدماليقينالناجمةعنتصنيعوالظروفالفعليةالتشغيلية،الضغوط،ونماذج

  .الحساب،والخصائصالماديةوالسلوكالمادي
،إن7طرقالحسابهوامشأمانكافيةوفقًالشروطالقسميجبأنتوفر

  .وجدت
 
منأجلتلبيةالمتطلباتالمذكورةأعلاه،يمكناستخدامإحدىالطرقالتالية،

 التيقدتكونمناسبة،بالإضافةإلىذلكأوفيتوليف

 

 

EN 12952-3 : 

6.1;6.2; 6.3; 8.

4; 

EN 12953-

3 : 6 to 13 

  

  Interpretation according to formulas, 

 التفسيروفقاللصيغ،

EN 12952-3 : 

7 to 

11;8.4; 13; Ap

pendix A;Annex 

B; 

    

  Design according to analysis method, 

 تصميموفقالطريقةالتحليل

 

EN 12952-3 : 

5.2;5.4; 12.2; 

    

  Design according to fracture mechanics 

procedures. 

 تصميموفقالإجراءاتالميكانيكاالكسر

      

     

   b) Load capacity 

Appropriate design calculations shall be carried 

out to demonstrate the load capacity of the 

pressure equipment concerned. 

In particular, the following applies: 

لةولحماسعة ب(   
يج لةولحما سسس رهاظمناسبةلإمتصميتحساباراءجبإ لمع طلضغداتا

لمعنيةا . 

 :علىوجهالخصوص،ينطبقمايلي
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  - The calculation pressures must not be lower 

than the maximum allowable pressures, and the 

static and dynamic fluid pressures as well as the 

decay pressures of unstable fluids must be taken 

into account. If a container is divided into 

individual pressure chambers, the calculation of 

the partition wall between the pressure chambers 

must be based on the highest possible pressure in 

one pressure chamber and the lowest possible 

pressure in the adjacent pressure chamber.  

[ Guideline B-19 ] 

يجبألاتقلضغوطالحسابعنالحدالأقصىالمسموحبهمنالضغوط، 

ويجبأنتؤخذضغوطالسوائلالديناميكيةوالساكنةوكذلكضغوطالانحلالفي

إذاتمتقسيمالحاويةإلىغرفضغطفردية، .السوائلغيرالمستقرةفيالاعتبار

علىضغطممكنفيفيجبأنيستندحسابجدارالفصلبينغرفالضغطإلىأ

  .غرفةضغطواحدةوأقلضغطممكنفيغرفةالضغطالمجاورة

  [19-المبدأ التوجيهي ب ] 

 

EN 12952-3 : 

5.7; 

    

  -The calculation temperatures must have 

reasonable safety margins. 

جبأنتشتملدرجاتالحرارةالحسابيةعلىهوامشأمانمعقولةي . 

EN 12952-3 : 

6.1;6.2; 

    

  - All sorts of temperature and pressure 

combinations, which may occur under reasonably 

foreseeable operating conditions of the 

equipment, must be considered in the design. 

يجبمراعاةجميعأنواعدرجاتالحرارةومجموعاتالضغط،التيقدتحدثفي

 .ظروفتشغيليةمعقولةللمعدات،فيالتصميم

 

EN 12952-3 : 

5.2; 

    

  -The maximum stress and stress concentrations 

must be within safe limits. - When calculating the 

pressure chamber, the material properties shall 

use appropriate values based on documented 

data, taking into account both the provisions of 

Section 4 and corresponding safety factors. The 

material properties to be considered include: 

عند-للضغطوتركيزالإجهادضمنالحدودالآمنة.يجبأنيكونالحدالأقصى -

حسابغرفةالضغط،يجبأنتستخدمخواصالموادقيمًامناسبةاستناداًإلى

وعواملالسلامةالمقابلة4بياناتموثقة،معمراعاةكلمنأحكامالقسم وتشمل .

 :خصائصالموادالتييتعينالنظرفيهامايلي

EN 12952-3 : 

13;Annex B; 

    

  - yield strength, 0.2% or 1% proof strength at 

the calculation temperature 0.2قوةالخضوع،قوةمقاومة٪

٪عنددرجةالحرارةالحسابية1أو  

 

EN 12952-3 : 

6.3; 

    

     

  --Tensile strenght EN 12952-3 : 

6.3; 

    

  - Time stability, e.g. Creep resistance; 

مقاومةالزحفاستقرارالوقت،علىسبيلالمثال   

EN 12952-3 : 

6.3; 

    

  - fatigue data, e.g. B. fatigue strength; EN 12952-3 : 

13;Annex B; 

    

  --Modulus of elasticity; EN 12952-3 : 

Annex D; 

    

  - adequate plastic deformation;  لبلاستيك؛تشوهمناسبمنا  EN 12952-3 : 

8.4; 

    

     

  -On the material properties, suitable coupling 

factors shall be used, depending, for example, on 

the nature of the non-destructive tests, the 
properties of the material joints and the operating 

conditions considered. 

- When designing, all reasonably foreseeable 

wear mechanisms (especially corrosion, creep, 

EN 12952-3 : 

5.6 (g);11.2.4; 

     

http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
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fatigue) should be considered according to the 

intended use of the equipment.The operating 

instructions referred to in section 3.4 must 

indicate design features that are relevant to the 

life of the device, for example 

For creep : design life in hours at specified 

temperatures; 

For fatigue : design cycle number at specified 

voltage values; 

-For corrosion : corrosion surcharge during 

design. 

،علىطبيعةالاختباراتغيرالمدمرة،وخصائصمفاصلالموادوظروف 

 .التشغيلقيدالنظر

عندالتصميم،ينبغيالنظرفيجميعآلياتالبلى)بمافيذلكالتآكل،الزحف، -

يجبأنتشيرتعليمات .التعب(بشكلمعقولوفقاًللاستخدامالمقصودمنالمعدات

إلىميزاتالتصميمذاتالصلةبعمرالجهاز3.4القسمالتشغيلالمشارإليهافي

 ،علىسبيلالمثال

زحف،للحصول  الحياةالتصميمفيساعاتعنددرجاتحرارةمحددة؛ :

التعب،للحصول  .تصميمعددمنالدوراتفيمستوياتالتوترمحددة :

التآكل،للحصول  .بدلتآكلفيالتصميم :

 

  b) Stability 

If the calculated wall thickness does not 

provide sufficient structural stability, the 

necessary measures must be taken, 

taking into account the hazards 

associated with transport and handling. 

 ج( الاستقرار
بلايوفرالاستقرارالهيكليالكافي،إذاكانسمكالجدارالمحسو

يجباتخاذالتدابيراللازمة،معالأخذفيالاعتبارالمخاطر

 المرتبطةبالنقلوالمناول

 

EN 12952-3 : 

5.2;7.4; 7.5; 1

1.4; 11.5; 

    

     

2.2.4 Experimental Design Method  

[ Guideline E-01 | Guideline E-05 ] 

The design of the device may be tested in whole 

or in part by a test program carried out on a 

sample representative of the pressure equipment 

or of the pressure equipment series.  

The test program must be clearly identified prior 

to the tests and, if a notified body is responsible 

for the design evaluation in the applied module, 
be recognized by the latter.  

In this program the test conditions as well as the 

acceptance and rejection criteria shall be 

defined. The actual values of the essential 

dimensions and characteristics of the starting 

materials of the pressure equipment shall be 

established prior to the test. 

During the tests, if necessary, the critical areas of 

the pressure equipment shall be monitored by 

means of appropriate instruments capable of 

measuring with sufficient accuracy deformations 

and stresses.  

 

The test program must include: 

  جريبيطريقة التصميم الت

 [ E-05 المبدأ التوجيهي | E-01 التوجيهي ]
برنامجاختبارتمإجراؤهعلىيمكناختبارتصميمالجهازكلياًأوجزئياًمنخلال

  .ممثلعينةمنمعداتالضغطأومنسلسلةمعداتالضغط
يجبتحديدبرنامجالاختباربوضوحقبلإجراءالاختبارات،وإذاكانتالجهة

المسؤولةمسؤولةعنتقييمالتصميمفيالوحدةالنمطيةالمطبقة،فيجبالاعتراف

      

http://www.druckgeraete-online.de/seiten/guidlines/guidE-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-05.php
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  .بهامنقبلالأخير
رنامج،يتمتحديدشروطالاختباروكذلكمعاييرالقبولوالرفضفيهذاالب يجب .

تحديدالقيمالفعليةللأبعادوالخصائصالأساسيةللموادالأوليةلمعداتالضغطقبل

 .الاختبار
خلالالاختبارات،إذالزمالأمر،يجبمراقبةالمناطقالحرجةلمعداتالضغط

ةعلىالقياسبدقةوتشوهاتكافيةعنطريقالأدواتالمناسبةالقادر .  
 
 :يجبأنيتضمنبرنامجالاختبار

  a) A compressive strength test designed to 

verify that, in the event of pressure with 

a margin of safety above the maximum 

allowable pressure, the instrument will 

not show significant leakage or 

deformation beyond a specified limit.  

For the determination of the test 

pressure, the differences between the 

values measured under test conditions 

for the geometrical characteristics and 

the material properties on the one hand 

and the values permitted for the 

construction on the other hand shall be 
taken into account; the difference 

between test and design temperatures 

must also be considered. 

أ(اختبارمقاومةالضغطليتمفحصهامنقبلأنهفيمايتعلقالحد

ازبعرضأيتسربالأقصىلضغطهامشأمانمحددة،يقومالجه

  .كبيرأوتشوهتتجاوزعتبةعازمةتحتضغط

لتحديدالاختلافاتضغطالاختباربينالقيمالمقاسةفيظروف

الاختبارللخصائصالهندسيةوخصائصالموادمنناحيةوالقيم

المسموحبهاللبناءمنناحيةأخرىأنتؤخذبعينالاعتبار.يجب

مجاتالحرارةواختبارالتصميأيضاالنظرفيالفرقبيندر  

EN 12952-3 : 

12.1.2;12.1.3; 

    

  b) For creep or fatigue risk, appropriate 

tests determined according to the 

operating conditions intended for the 

equipment (eg operating time at certain 

temperatures, number of cycles for 

certain voltage values, etc.). 

ب(بالنسبةلخطرالزحفأوالتعب،يتمتحديدالاختبارات

المناسبةوفقاًلظروفالتشغيلالمعدةللمعدة)مثلوقتالتشغيلفي

درجاتحرارةمعينة،وعددالدوراتلقيممعينةمنالجهد،

 .(إلخ

      

  c) If necessary, supplementary tests for 

other special effects according to section 

2.2.1, such as corrosion, aggressive 

external influences, etc. 

ج(عندالضرورة،الاختباراتالتكميليةللتأثيراتالخاصة

،مثلالتآكلوالتأثيراتالخارجية2.2.1الأخرىوفقاللقسم

 .العدوانية،إلخ

      

     

2.3. Precautions for Safety in Handling and 

Operation 

The pressure equipment controls shall be such 

that their operation does not give rise to a 

reasonably foreseeable hazard. If applicable, the 

following points should be noted: 

[ Guideline B-21 | Guideline B-32 | Guideline 

E-03 |Guideline I-20 ] 

- closing and opening devices; 

 الاحتياطات للسلامة في المناولة والتشغيل
يجبأنتكونأدواتالتحكمفيمعداتالضغطبحيثلايؤديتشغيلهاإلىحدوث

اأمكن،تجدرالإشارةإلىالنقاطالتاليةإذ .خطرمتوقعبشكلمعقول : 

-E المبدأ التوجيهي | B-32 الخط التوجيهي | B-21 المبدأ التوجيهي ]

EN 12952-12 : 

5; 

EN 12953-

7 : 4.2.7; 

EN 12953-

10 : 4; 5; 

EN 764-7 : 

8.1; 8.2.3; 

http://www.druckgeraete-online.de/seiten/guidlines/guidB-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-32.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-20.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-32.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
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 [ I-20 الخط التوجيهي | 03

 إغلاقالأجهزة؛ -

 

  - dangerous blow-off from pressure relief valves; 

 تفجيرخطيرمنصماماتتخفيفالضغط

EN 12952-8 : 

4.3.6; 

EN 12953-

8 :  

4.5 - 5th 

paragraph; 

EN 12953-
10 : 5; 

  

  - devices to prevent physical access in case of 

overpressure or vacuum in the device; 

- surface temperatures taking into account the 

intended use; 

- decomposition of unstable fluids. 

  

In particular, pressure equipment with a 

removable closure device must be equipped with 

an automatic or manually operable device by 

which the operator can easily ensure that the 

device can be safely opened. If the device can be 

actuated quickly, the pressure device must also 

be equipped with a lock which prevents it from 

opening, as long as the pressure or the 

temperature of the fluid is a hazard. 

 أجهزةلمنعالوصولالماديفيحالةالضغطالزائدأوالفراغفيالجهاز؛ -

 درجاتحرارةالسطحمعمراعاةالاستخدامالمقصود؛ -

 .تحللالسوائلغيرالمستقرة -

  
علىوجهالخصوص،يجبأنتكونأجهزةالضغطالمزودةبجهازإغلاققابل

يعملأوتوماتيكياًأويدوياًيمكنمنخلالهللمشغلالتأكدللإزالةمزودةبجهاز

إذاكانمنالممكنتشغيلالجهازبسرعة، .بسهولةمنإمكانيةفتحالجهازبأمان
يجبأنيكونجهازالضغطمجهزًابقفليمنعهمنالفتح،طالماأنالضغطأو

 .درجةحرارةالسائلخطر

 
 

 

      

     

2.4. Precautions for Inspection 

a) Pressure equipment shall be designed so that 

all required safety inspections can be carried out. 

  احتياطات التفتيش
أ(تصمممعداتالضغطبحيثيمكنإجراءجميععملياتالتفتيشعلىالسلامة

بةالمطلو  

 

EN 12952-3 : 

5.6.2; 

EN 12953-

3 : 14; 

  

  b) If necessary to ensure continuous equipment 

safety, provision must be made for detecting the 

internal condition of the printing equipment, such 

as openings for access to the interior of the 

printing equipment, so that appropriate 

inspections can be carried out safely and 

ergonomically.ب(إذالزمالأمرلضمانسلامةالمعداتالمستمرة، 
يجبتوفيرإمكانيةالكشفعنالحالةالداخليةلمعداتالطباعة،مثلالفتحات

للوصولإلىداخلمعداتالطباعة،بحيثيمكنإجراءعملياتالتفتيشالمناسبة

ةبأمانوراح  

 

EN 12952-3 : 

5.6.2; 

    

http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-20.php
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  c) Other means to ensure a safe condition of the 

pressure equipment can be used يمكناستخداموسائلأخرى

 لضمانسلامةحالةمعداتالضغط

      

  - if these are too small for an entry;إذاكانتصغيرةجداً 
 بالنسبةللدخول

EN 12952-3 : 

5.6.2; 

    

  --When the opening of the printing device would 

adversely affect the interior of the device;عندمايؤثر 
 فتحجهازالطباعةسلباًعلىالجزءالداخليللجهاز

      

  --When the ingredient has been shown to be 

unaffected by the material of which the printing 

device is made, nor is any other internal damage 

process reasonably foreseeable.عندمايتبينأنالمكونغير 
متأثربالموادالتيتمصنعجهازالطباعةبها،ولاتوجدأيعمليةضررداخلية

 .أخرىيمكنتوقعهابشكلمعقول

EN 12952-3 : 

5.6.2; 

  

    

2.5 Draining and venting facilities 

If necessary, suitable devices for draining and 

venting the pressure equipment must be 

provided,مرافق التصريف والتنفيس  
طإذالزمالأمر،يجبتوفيرأجهزةمناسبةلتصريفوتنفيسمعداتالضغ  

EN 12952-3 : 

5.6.2; 

EN 12952-7 : 

5.2;5.3; 

EN 12953-

6 : 

5.3; 6.5;6.9

; 

EN 764-7 : 

8.1.4;8.1.5; 8.2.3

; 8.5.6; 

     

  - to avoid harmful effects such as water hammer, 

vacuum collapse, corrosion and uncontrolled 

chemical reactions; all operating and test 

conditions, in particular pressure tests, must be 

taken into account;لتجنبالآثارالضارةمثلمطرقةالمياه،وانهيار 
يجبأنتؤخذجميعالفراغ،والتآكل،والتفاعلاتالكيميائيةغيرالمنضبط؛

 ظروفالتشغيلوالاختبار،ولاسيمااختباراتالضغط،فيالاعتبار؛

EN 12952-3 : 

5.6.3; 

    

  

  

- to enable cleaning, inspection and maintenance 

without risk. 

لتنظيفوالتفتيشوالصيانةبدونمخاطرلتمكينا . 

EN 12952-3 : 

5.6.3; 

EN 12952-12 : 

5; 

  

    

  

2.6 Corrosion and other chemical influences 

Where necessary, appropriate wall thickness 

allowances or adequate protection against 

corrosion or other chemical influences shall be 
provided, due account being taken of the 

intended and reasonably foreseeable use. 

 تآكل والتأثيرات الكيميائية الأخرى
اللازمة،لبدلالمناسبأوالحمايةالكافيةضدالتآكلأوغيرهامنهجومكيماوي،

 .معالنيةوالاعتبارالواجباستخدامالمنظورإلىحدمعقول

EN 12952-3 : 

5.8; 

EN 12953-

3 : 5.7; 

  

2.7 Wear 

Wherever severe erosion or wear can occur, 

appropriate measures must be taken to:ارتداء  
لأينمايمكنأنيحدثتآكلأوتآكلشديد،يجباتخاذالتدابيرالمناسبةمنأج  

 

  EN 12953-

3 : 5.7; 

  

  -These phenomena by suitable design, for. B. wall 

thickness surcharges, or by the use of liners or 

coatings to minimize; 

برسومإضافيةعلىسمكالجدار، .هذهالظواهرعنطريقتصميممناسب،ل

 أوعنطريقاستخدامبطاناتأوطبقاتلخفض

EN 12952-3 : 

5.8.6; 

    

  -Make it possible to replace the most affected 

parts; 

 .جعلمنالممكناستبدالالأجزاءالأكثرتضررا

 

      

  -Use the instructions given in section 3.4 to focus 

attention on the measures necessary for 

continuous safe operation. 

باهعلىالتدابيراللازمةلتركيزالانت3.4استخدامالتعليماتالواردةفيالقسم

 .للتشغيلالآمنالمستمر
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2.8 Assemblies 

Assemblies are to be designed so that 

The interconnected components are reliable and 

suitable for their operating conditions; 

-The proper installation of all components and 

their proper integration and assembly within the 

assembly is ensured. 

[ Guideline E-03 | Guideline E-05 ] 

 
بحيثمكوناتيتمتصميمال  

 المكوناتالمترابطةموثوقةومناسبةلظروفالتشغيلالخاصةبها؛

ضمانالتركيبالصحيحلجميعالمكوناتوتكاملهاوتجميعهابشكلصحيح -

  .داخلالمجموعة

 

 

      

2.9 Filling and emptying  

[ Guideline E-04 | Guideline H-15 ] ]  

Where appropriate, the pressure equipment shall 

be so designed and equipped with equipment or 

prepared for appropriate equipment to ensure 

safe filling and emptying; particular attention 

must be paid to the following hazards:  

 

a) when filling: 

Overfilling or high pressure, in particular with 

regard to the degree of filling and the vapor 

pressure at the reference temperature; 

- instability of the printing device; 

 

b) during emptying: uncontrolled release of the 

pressurized fluid;  

 

c) when filling and emptying: hazardous coupling 

and uncoupling. 

  ملء وتفريغ

 عند [ [ H-15 المبدأ التوجيهي | E-04 المبدأ التوجيهي ]
الاقتضاء،يجبتصميممعداتالضغطبحيثتكونمجهزةومجهزةبالمعداتأو

يجبإيلاءاهتمامخاصلءوالتفريغالآمنين؛المعدةللمعداتالمناسبةلضمانالم

  :للمخاطرالتالية

 

 :أ(عندالملء

التعبئةالزائدةأوالضغطالعالي،خاصةفيمايتعلقبدرجةالملءوضغطالبخار

 عنددرجةالحرارةالمرجعية؛

 عدمثباتجهازالطباعة؛ -

 
ب(أثناءالتفريغ:إطلاقغيرمضبوطللسائلالمضغوط؛  

 
كج(عندالتعبئةوالتفريغ:اقترانخطيوف  

      

2.10 Protection against exceeding the permissible 

limits of the pressure equipment  

[ guideline A-06 | Guideline A-20 | Guideline 

B-29 |Guideline E-04 | Guideline E-

06 | Guideline H-15 ] 

In circumstances where reasonably foreseeable 

conditions could cause the allowable limits to be 

exceeded, the pressure equipment shall be 

EN 12952-7 : 

4; 5.1;5.8; 6: 

1; 6.2; 

EN 12952-10 : 

5; 

EN 12953-

6 : 4;  

5.1; 5.2; 5.

7; 5.8;  

6.1; 6.2; 6.

10; 6.11; 

EN 764-7 : 

5.1; 6.1.3;6.6.1; 

7; 

http://www.druckgeraete-online.de/seiten/guidlines/guidE-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-20.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
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provided with appropriate protective devices or 

prepared for such equipment, unless the 

equipment is provided as part of an assembly by 

other means of protection is protected. 

The suitable protection device or the combination 

of suitable protection devices is to be determined 

depending on the respective device or the 

respective assembly and the respective operating 

conditions.  

 

Suitable protection devices and combinations of 

protection devices include: 

  الحماية من تجاوز الحدود المسموح بها لمعدات الضغط

-B الخط التوجيهي | A-20 المبدأ التوجيهي | A-06 المبدأ التوجيهي ]

-H التوجيهي | E-06 المبدأ التوجيهي | E-04 المبدأ التوجيهي | 29
15 ] 
وفيالحالاتالتييمكنتوقعهافيظلظروفمعقولة،يمكنتجاوزالحدود

ها،ومعداتالضغطيجبأنتكونمزودةوسائلوقائيةمناسبة،أوالمسموحب

توفيراعتمادلمنالمناسب،إذاكانالجهازكجزءمنتجميعمنقبلأجهزةوقائية

 .أخرىمحمي
يتمتحديدجهازالحمايةالمناسبأومجموعةمنأجهزةالحمايةالمناسبةوفقاً

التشغيلالخاصةبهللجهازالمعنيأوالتجميعالمعنيوظروف .  
 
 :تشتملأجهزةالحمايةالمناسبةومجموعاتالحمايةعلىمايلي

     

  (a) safety accessories as defined in Article 2 

(4) ; Guideline A-43 ] )  

2المادةالسلامةكماهيمحددةفيملحقات  

؛ (4)  

 

EN 12952-8 : 

4.2.4; 

EN 12953-

7 : 4.2.4; 

  

  (b) where appropriate, appropriate monitoring 

devices, such as indicators and / or warning 

devices, which allow either automatic or 

manually-measured measures to be taken to 

ensure compliance with the allowable limits of the 

pressure equipment. عندالاقتضاء،أجهزةمراقبةمناسبة،مثل 
و/أوأجهزةالإنذار،التيتسمحإماباتخاذتدابيرتلقائيةأويدويةالمؤشرات

 .لقياسالامتثالللحدودالمسموحبهالمعداتالضغط

, 

      

2.11 Safety accessories  

[ Guideline A-06 | Guideline A-20 | Guideline 

B-29 |Guideline E-04 | Guideline E-

06 | Guideline H-15 ] إكسسوارات للسلامة  

EN 12952-7 : 

8; 

EN 12952-10 : 

5; 

EN 12953-

6 : 6.10; 

  

2.11.1 For safety accessories the following applies: 

- they must be designed and constructed to be 

reliable and suitable for the intended operating 

conditions, taking into account any maintenance 

and test requirements for the devices; 

- they may not perform any other tasks unless 

their safety-related functions cannot be affected; 

- they must comply with the appropriate design 

principles for adequate and reliable protection. In 

particular, these principles include fail safe, 

redundancy, diversity, and self-monitoring. لملحقات 

 :السلامةينطبقمايلي

يجبتصميمهاوبناءهالتكونموثوقةومناسبةلظروفالتشغيلالمزمعة،مع -
 مراعاةأيمتطلباتصيانةواختبارللأجهزة؛

 قدلايقوموابأيمهامأخرىمالمتتأثروظائفهمالمتعلقةبالسلامة؛ -

ةالكافيةوالموثوقةيجبأنتلتزمبمبادئالتصميمالمناسبةللحماي - علىوجه .

EN 12952-11 : 

4; 5; 

EN 12953-

9 : 4; 5; 

EN 764-7 : 

4.3; 6.6; 

http://www.druckgeraete-online.de/seiten/guidlines/guidA-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-20.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-43.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidA-20.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-06.php
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 .الخصوص،تشملهذهالمبادئالفشلالآمن،التكرار،التنوع،والمراقبةالذاتية

 

 

2.11.2 Pressure limiting 

devices These devices shall be designed such that 

the pressure does not exceed the maximum 

permissible pressure 
PS during operation; however, a short-term 

pressure overrun is permissible in accordance 

with Section 7.3, if applicable. 

[ Guideline E-02 | Guideline E-09 ] 

لضغطالحد من اةجهزأ لضغطوزابحيثلايتجاةلأجهزاذههيتمتصميمأن يجب

نلسرطاالممكنالأقصىللضغطالحدا  (PS ومعذلك،يجوزتجاوزالضغط

،إذاكانذلكممكنا7.3علىالمدىالقصيروفقاللقسم  

EN 12952-11 : 

6; 

EN 12953-

8 : 4; 

EN 12953-

9 : 6; 

EN 764-7 : 

6.1; 6.2.2;6.2.3; 

6.3.2; 6.4.2; 6.6; 

2.11.3 Temperature monitoring devices 

These devices must have a safety-related 

response time appropriate to the measurement 

task 

  أجهزة مراقبة درجة الحرارة.
يجبأنيكونلدىهذهالأجهزةوقتاستجابةمتعلقبالسلامةيتناسبمعمهمة

اسالقي  

 

EN 12952-10 : 

7; 

EN 12953-

9 : 7; 

EN 764-7 : 

6.6; 9.2; 

2.12 External fire 

Wherever possible, pressure equipment shall be 

designed and, where appropriate, equipped with 

appropriate equipment or equipped with suitable 

equipment to meet the damage limitation 

requirements in the event of an external fire, 

taking into account its intended use.حريق خارجي  
أيناللازمة،معداتالضغطيجبأنتكونمصممةخصيصامعالأخذبعين

الاعتبارالغرضمناستخدامهاوذلكبشرطاختياريامعالاكسسواراتالمناسبة،

ب،وذلكفيحالنشوبحريقخارجي،وتلبيةالاحتياجاتأوتوفيراعتمادلتركي

رمنحيثالحدمنالضر  

 

[ Guideline E-02 | Guideline E-04 ] 

    EN 764-7 : 

6.2.3; 7.2; 

     

3 
25.3 production 

      

3.1 Manufacturing process 

The manufacturer shall ensure the expert 

implementation of the measures taken at the 

design stage by applying appropriate techniques 

and procedures; this is especially true with regard 

to the following points: 

 عملية
التصنيعيجبعلىالشركةالمصنعةالتأكدمنتنفيذالخبراءللتدابيرالمتخذةفي

هذاصحيحبشكلمرحلةالتصميممنخلالتطبيقالتقنياتوالإجراءاتالمناسبة؛

 خاصفيمايتعلقبالنقاطالتالية

[ Guideline G-19 | Guideline I-21 ] 

EN 12952-5 : 

6.1; 

EN 12953-

2 : 

4.4; 4.5;6; 

EN 12953-

4 : 5; 

EN 12953-

5 : 5.4; 

  

3 . 1.1 Preparing the components 

When preparing the components (eg forming and 

welding edge preparation), there must be no 

damage, cracks or changes in the mechanical 

properties that could affect the safety of the 

printing device. إعداد المكون 
عندإعدادالمكونات)علىسبيلالمثال.كماصبواللحامإعدادحافة(يجبأنلا

يكونمعطوباأوشقوقأوتغيراتفيالخواصالميكانيكيةالتييمكنأنتؤثر

  .علىسلامةالمعداتالضغط

[ 

EN 12952-5 : 

7.1;7.2; 7.3; 7.

4; 

EN 12953-

4 : 5.15; 

EN 12953-

5 : 5.6; 

  

http://www.druckgeraete-online.de/seiten/guidlines/guidE-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-09.php
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http://www.druckgeraete-online.de/seiten/guidlines/guidI-21.php
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[ Guideline F-03 | Guideline F-09 | Guideline 

F-14 ] 

3.1.2 Durable material connections  

[ guideline C-15 | Guideline F-01 | Guideline 

F-03 |Guideline F-04 | Guideline F-

05 | Guideline F-06|Guideline F-

08 | Guideline F-09 | Guideline F-

10 |Guideline F-11 | Guideline F-

12 | Guideline F-14 |Guideline F-

15 | Guideline F-16 | Guideline G-

10 |Guideline G-25 ] 

The permanent joints of the material and 

adjacent areas shall not show defects on the 

surface or in the interior which could affect the 

safety of the equipment. 

  اتصالات المواد المعمرة

-F المبدأ التوجيهي | F-01 المبدأ التوجيهي | C-15 المبدأ التوجيهي ]

 المبدأ التوجيهي | F-05 الخط التوجيهي | F-04 المبدأ التوجيهي | 03

F-06 |المبدأ التوجيهي F-08 | الخط التوجيهي F-09 |  المبدأ

-F المبدأ التوجيهي | F-11 المبدأ التوجيهي | F-10 التوجيهي

المبدأ  | F-15 المبدأ التوجيهي | F-14 المبدأ التوجيهي | 12

 المبدأ التوجيهي | المبدأ التوجيهي لمجموعة العشرون | F-16 التوجيهي

G-25 ] لا 
تظهرالمفاصلالدائمةللموادوالمناطقالمجاورةعيوباعلىالسطحأوفيالداخل

 .يمكنأنتؤثرعلىسلامةالمعدات

EN 12952-5 : 

7.1.2;7.3.11; 8

.4.1; 

EN 12952-6 : 
6; 7 to 8.2; 

EN 12953-

4 : 5.12; 

EN 12953-

5 : 
5.5; 5.6; 

  

  

  The properties of the permanent joints shall be 

the same as the minimum properties specified for 

the materials to be joined, unless the design 

calculations take into account other specific 

values for such properties. 

تكونخصائصالمفاصلالدائمةهينفسالخصائصالدنياالمحددةللمواد

الموضوعة،مالمتأخذحساباتالتصميمفيالحسبانالقيمالمحددةالأخرىلهذه

صالخصائ  

EN 12952-5 : 

8.1.1;8.7; 

EN 12953-

4 : 5.12; 

  

  In the case of pressure equipment, the 

permanent connections of the parts contributing 

to the compressive strength of the equipment and 

the parts directly connected thereto shall be 

carried out by qualified personnel with adequate 

qualifications and in accordance with a technically 

sound working procedure. 

لمعداتالضغط،دائمانضمامالمكوناتالتيتساهمفيمقاومةالضغطالمعدات

يجب،وتعلقمباشرةلهممنقبلموظفينمؤهلينمنذويالمؤهلاتالمناسبةوفقا

 .لإجراءاتالتشغيلمناسبةمهنيايتمتنفيذها

EN 12952-5 : 

8.1.3; 

    

  The approval of work procedures and personnel 

for category II, III and IV pressure equipment 

shall be carried out by a competent independent 

authority; this is at the option of the 

manufacturer to 

تتمالموافقةعلىإجراءاتالعملوالأفرادلمعداتالضغطمنالفئةالثانيةوالثالثة

تقلةمختصةوالرابعةمنقبلسلطةمس . 

هذاهوفياختيارالشركةالمصنعة ل  

 

 

EN 12952-5 : 

8.3.2; 

    

  -A notified body,         

  -A test laboratory recognized by a Member State 

in accordance with Article 20.مختبراختبارمعترفبهمنقبل 

20دولةعضووفقاللمادة . 

      

  For the purpose of issuing such authorizations, 

the said independent body shall carry out or have 

carried out the examinations and tests provided 

for in the corresponding harmonized standards or 

equivalent examinations and tests. 

هيئةالمستقلةالمذكورةبإجراءأوإجراءولغرضإصدارهذهالتراخيص،تقومال

الفحوصوالاختباراتالمنصوصعليهافيالمعاييرالمتوافقةالمناظرةأو

      

http://www.druckgeraete-online.de/seiten/guidlines/guidF-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-09.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidC-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-08.php3
http://www.druckgeraete-online.de/seiten/guidlines/guidF-08.php3
http://www.druckgeraete-online.de/seiten/guidlines/guidF-09.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-11.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-25.php
http://www.druckgeraete-online.de/seiten/guidlines/guidC-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-08.php3
http://www.druckgeraete-online.de/seiten/guidlines/guidF-09.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-11.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-16.php
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ةالاختباراتوالفحوصالمماثل  

3.1.3 Non-destructive testing 

For pressure equipment, non-destructive testing 

of permanent connections shall be carried out by 

qualified personnel with adequate 

qualifications. For pressure equipment of 

categories III and IV, the qualification of such 

personnel shall be approved by an independent 

inspection body recognized by a Member State in 

accordance with Article 13.  

[ Guideline F-05 | Guideline F-07 | Guideline 

F-09 |Guideline F-13 | Guideline G-25 ] ] 

رةالاختبارات غير المدم  
بالنسبةلمعداتالضغط،يتمإجراءاختباراتغيرمتلفةللوصلاتالدائمةبواسطة

بالنسبةلمعداتالضغطللفئتينالثالثة .موظفينمؤهلينيتمتعونبمؤهلاتمناسبة

والرابعة،يجبأنتتمالموافقةعلىتأهيلهؤلاءالموظفينمنقبلهيئةتفتيش

13اًللمادةمستقلةتعترفبهادولةعضووفق  

EN 12952-6 : 

9.2; 

EN 12953-

5 : 

5.2.2;5.5; 

  

3.1.4 Heat treatment 

If there is a risk that the material properties will 

be changed so much by the manufacturing 

process that it will affect the safety of the 

pressure equipment, an appropriate heat 

treatment must be carried out at a suitable 

manufacturing stage. 

 المعالجة الحرارية
إذاكانهناكخطرأنتتغيرخصائصالموادبدرجةكبيرةمنخلالعملية

التصنيعبحيثتؤثرعلىسلامةمعداتالضغط،يجبإجراءمعالجةحرارية

بةمناسبةفيمرحلةالتصنيعالمناس  

EN 12952-5 : 

7.3.8;7.3.9; 8.

6; 8.7; 10; 

EN 12953-

4 : 5.16; 

  

3.1.5 Traceability 

Appropriate procedures shall be adopted and 

maintained to identify the materials of the parts 

of the equipment which contribute to the pressure 

resistance, by appropriate means, from the 

receipt of the material through the manufacturing 

process to the final acceptance of the 

manufactured pressure equipment. 

 التتبع يتم
اعتمادالإجراءاتالمناسبةوالمحافظةعليهالتحديدالموادالخاصةبأجزاءالمعدات

التيتسهمفيمقاومةالضغط،بالوسائلالمناسبة،مناستلامالمادةخلالعملية

ةالتصنيعإلىالقبولالنهائيلمعداتالضغطالمصنع  

[ Guideline G-04 | Guideline G-10 ] 

EN 12952-5 : 

6.2;6.3; 6.4; 

EN 12953-

4 : 5.2; 

  

3.2 Acceptance of 

pressure equipment shall be subject to the 

acceptance described below 

معداتالضغطللقبولالموضحأدناهقبوليخضع  

      

3.2.1 Final test 

Pressure equipment shall be subjected to a final 

test to visually check and verify the relevant 

documentation to ensure that the requirements of 

this Directive are met. Here, tests that have been 

carried out during production can be taken into 

account. Insofar as required for reasons of safety, 

the final inspection is carried out on the inside 

and outside of all parts of the device, if necessary 

during the manufacturing process (eg if it is no 

longer possible to inspect at the final inspection). 

 الاختبار النهائي
الوثائقذاتالصلةوالتحققلاختبار نهائي لفحصيجبإخضاعأجهزةالضغط

هنا،يمكنأنتؤخذفي .منهابصرياًلضماناستيفاءمتطلباتهذاالتوجيه

بقدرمايقتضيالأمرلأسباب .الاعتبارالاختباراتالتيأجريتأثناءالإنتاج
حصالنهائيداخلوخارججميعأجزاءالجهاز،إذاتتعلقبالسلامة،يتمإجراءالف

لزمالأمرأثناءعمليةالتصنيع)علىسبيلالمثالإذالميعدمنالممكنفحصهافي

 .الفحصالنهائي(

 

[ Guideline D-07 | Guideline D-13 | Guideline 

EN 12952-6 : 

4.5;10.1; 
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http://www.druckgeraete-online.de/seiten/guidlines/guidF-07.php
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http://www.druckgeraete-online.de/seiten/guidlines/guidD-13.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-02.php


NLAP 1.5 MW Incineration Power Plant, Technical&Business Specification 

 

223 

F-02 |Guideline G-29 ] 

3.2.2  

Pressure test The acceptance of pressure 

equipment shall include a compressive 

strength test , normally carried out in the form of 

a hydrostatic pressure test, which shall be at least 

equal to the value specified in 7.4, if applicable.  

For mass-produced category I equipment, this 

test may be carried out on a statistical basis.  

If the hydrostatic pressure test is 

disadvantageous or impracticable, other tests 

which have proved to be effective may be carried 

out. For tests other than the hydrostatic pressure 

test, additional measures such as non-destructive 

testing or other equivalent procedures must be 

used previously. 

 اختبار الضغط
خفضمعداتالضغطيجبأنيتضمناختبارالضغطوالقوة،والتيتتمعادةفي

شكلاختبارالضغطالهيدروستاتيكي،حيثالضغوطعلىالأقلمنالقيمةالمحددة

إنوجدت-يجبأنتمتثل-7.4فيالقسم .  
لىأساسلمعداتالإنتاجالضخممنالفئةالأولى،يمكنإجراءهذاالاختبارع

  .إحصائي
إذاكاناختبارالضغطالهيدروليكيهوضارأوغيرعملي،والاختباراتالأخرى

لاختباراتأخرىمناختبارالضغط .التيثبتأنتكونفعالة،ينبغيالقيامبه
الهيدروليكيقبلاتخاذتدابيرإضافية،مثلالاختباراتغيرالمدمرةأوغيرهامن

تستخدمطريقةيعادليجبأن . 

 

[ Guideline C-06 | Guideline D-13 | Guideline 

F-16 |Guideline F-17 | Guideline H-

02 | Guideline H-14 |Guideline H-16 ] 

EN 12952-6 : 

10.2; 

EN 12953-

5 : 5.7.2; 

  

3.2.3 Checking the safety devices 

For assemblies, acceptance also includes testing 

safety-related equipment that verifies that the 

requirements of section 2.10 are fully met.  التحقق من

 أجهزة السلامة
بالنسبةللتجمعات،يشملالقبولأيضًااختبارالمعداتالمتعلقةبالسلامةالتي

بالكامل2.10لباتالقسمتتحققمناستيفاءمتط .  

 

[ Guideline E-04 ] 

      

3.3 Labeling and labeling 

In addition to the CE marking to be carried out in 

accordance with Articles 18 and 19, the following 

information shall be provided: (  

 

a) For all pressure equipment 

-The name and address of the manufacturer or 

other identifying material and, where applicable, 

that of his authorized representative established 

in the EU; 

-Specifications that allow identification of the 

pressure equipment of its type, such as type, 

serial or lot identification, serial number; 

Data on the essential upper / lower permissible 

limits. [Guideline B-19 | Guideline H-09 ] 

  

b) Depending on the type of pressure equipment, 

further information is required to ensure safety 

during installation, operation, use and, if 

necessary, maintenance and periodic 

inspection; this information includes z. B. 

EN 12952-6 : 

12; 

EN 12953-

5 : 6.4; 
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http://www.druckgeraete-online.de/seiten/guidlines/guidG-29.php
http://www.druckgeraete-online.de/seiten/guidlines/guidC-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidD-13.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidF-17.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-04.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-09.php


Standards 

224 

The pressure device volume V in I; 

- the nominal diameter DN for pipelines; 

- the applied test pressure PT in bar and the date; 

- the set pressure of the safety device in bar; 

- The pressure equipment power in kW 

- the mains voltage in volts; 

- the intended use; 

- the degree of filling in kg / l; 

- the maximum filling mass in kg; 

- the empty mass in kg; 

- the product group. 

  

c) If necessary, the pressure equipment shall be 

provided with warnings indicating cases of 

improper use which experience has shown to be 

possible.  

 

The CE marking must be affixed to the pressure 

equipment or its nameplate affixed to it and 

provide the required information, with the 

following exceptions: 

- Repeated labeling of individual parts, such as 

pipe parts intended for the same assembly, may 

be avoided by using appropriate 

documentation. This applies to the CE marking as 

well as other markings and labels in accordance 

with this Annex; 

- if the pressure equipment is too small (eg 

equipment), the information listed under (b) may 

be made on a label affixed to the pressure 

equipment; 

- Information on the filling material and the 

warnings referred to in (c) may be given on labels 

or in any other appropriate form provided that 

they remain legible for a reasonable period. 

 وضع العلامات ووضع العلامات

علامةبالإضافةإلى  CE يجبتوفير،19و18التيستنفذوفقاللمادتين

  ) :المعلوماتالتالية

 
 أ(لجميعمعداتالضغط

دالاقتضاء،اسموعنوانالشركةالمصنعةأوغيرهامنالموادالتعريفية،وعن -

 اسمممثلهالمفوضفيالاتحادالأوروبي؛

-Herstellungsjahr. 

المواصفاتالتيتسمحبتحديدمعداتالضغطمننوعها،مثلالنوع،أوالرقم

 التسلسليأوتحديدالرقم،الرقمالمسلسل؛

المبدأ التوجيهي ب  ] .بياناتحولالحدودالمسموحبهاالأساسيةالعليا/الدنيا

 [ H-09 المبدأ التوجيهي | 19

http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidB-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-09.php
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اتب(اعتماداعلىنوعمعداتالضغط،هناكحاجةإلىمزيدمنالمعلوم
لضمانالسلامةأثناءالتركيبوالتشغيلوالاستخدام،وعندالضرورة،الصيانة

وتشملهذهالمعلوماتضوالتفتيشالدوري؛ . B. 

 ؛I في V حجمجهازالضغط

 لخطوطالأنابيب؛ DN القطرالاسمي -

 فيالشريطوالتاريخ؛ PT ضغطالاختبارالمطبق -

الشريط؛الضغطالمحددلجهازالسلامةفي -  

 قوةمعداتالضغطبالكيلووات -

 .التيارالكهربائيفيفولت -

 الاستخدامالمقصود؛ -

 درجةالملءبالكيلوغرام/لتر؛ -

 كتلةالتعبئةالقصوىبالكيلوجرام؛ -

 الكتلةالفارغةبالكيلوجرام؛ -

 .مجموعةالمنتجات -

  
راتتشيرإلىحالاتج(إذالزمالأمر،يجبتزويدأجهزةالضغطبتحذي

  .الاستخدامغيرالسليموالتيأثبتتالتجربةأنهاممكنة

 

علىجهازالضغطأولوحةالتعريفالملصقةعليها CE يجبوضععلامة

 :وتقديمالمعلوماتالمطلوبة،معالاستثناءاتالتالية

يمكنتجنبوضععلاماتمتكررةللأجزاءالفردية،مثلأجزاءالأنابيب -

لمخصصةلنفسالتجميع،وذلكباستخدامالوثائقالمناسبةا ينطبقهذاعلى .

 بالإضافةإلىعلاماتوتسمياتأخرىوفقاًلهذاالملحق؛ CE علامة

إذاكانتمعداتالضغطصغيرةجدا)مثلالمعدات(،يمكنأنتكونالمعلومات -

 علىملصقمثبتبمعداتالضغط؛ (b) المدرجةتحت

عنموادالتعبئةوالتحذيراتالمشارإليهافيالنقطةج(يمكنأنيتممعلومات -
علىملصقاتأوفيأيغيرهامنالوسائلالملائمة،شريطةأنيبقىمقروءا

 .للفترةالمناسبة

 

3.4 operating manual 

 

[ Guideline A-03 | Guideline D-07 | Guideline 

H-03 |Guideline H-05 | Guideline H-

15 | Guideline H-19 |Guideline I-21 ] 

(a) When placing on the market, a user manual 

shall be attached to the pressure equipment, if 

necessary, containing all safety information 

relating to: 

Assembly including connection of various pressure 

equipment; 

- commissioning; 

- use; 

    EN 764-7 : 

4.3; 6.6.3; 

http://www.druckgeraete-online.de/seiten/guidlines/guidA-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidD-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-21.php
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- Maintenance including inspection by the user. 

  

b) The operating instructions must contain the 

information to be affixed to the pressure 
equipment according to section 3.3 with the 

exception of the series marking; If necessary, the 

technical instructions and drawings and diagrams 

necessary for the correct understanding of this 

manual must be enclosed with the operating 

instructions.  

 

c) If necessary, the instruction manual should 

also point out the dangers of improper use in 

accordance with section 1.3 and the special 

features of the design in accordance with section 

2.2.3 

 تعليمات التشغيل

 

 المبدأ التوجيهي | D-07 المبدأ التوجيهي | A-03 المبدأ التوجيهي ]

H-03 | المبدأ التوجيهي H-05 | المبدأ التوجيهي H-15 |  المبدأ

 [ I-21 الخط التوجيهي | H-19 التوجيهي

( فاقدليلمستخدمبمعداتالضغط،إذالزمأ(عندوضعهفيالسوق،يجبإر

 :الأمر،يحتويعلىجميعمعلوماتالسلامةالمتعلقةبمايلي

 الجمعيةبمافيذلكتوصيلمعداتالضغطالمختلفة؛

 التكليف -

 الاستخدام -

 .الصيانةبمافيذلكالتفتيشمنقبلالمستخدم -

  
ماتالملصقةعلىمعداتب(يجبأنتحتويتعليماتالتشغيلعلىالمعلو

إذالزمالأمر،يجبإرفاقباستثناءعلامةالسلسلة؛3-3الضغطوفقاًللفقرة
التعليماتالفنيةوالرسوماتوالرسومالبيانيةاللازمةللفهمالصحيحلهذاالدليلمع

  .تعليماتالتشغيل

 
ستخدامغيرالسليمج(إذالزمالأمر،ينبغيأنيشيردليلالتعليماتإلىمخاطرالا

2.2.3والسماتالخاصةبالتصميموفقاًللقسم3-1وفقاًللبند  

 

 
    

  
25.4 materials 

      

4 materials 

[ Guideline G-08 | Guideline G-09 | Guideline 

G-12 |Guideline G-23 | Guideline H-

02 | Guideline I-12 ] 

      

  The materials used in the manufacture of 

pressure equipment, unless they are to be 

replaced, must be suitable for the entire intended 

service life.  

Welding consumables and other joining materials 

need only comply with the relevant requirements 

of sections 4.1, 4.2 (a) and 4.3 first paragraph, 

both individually and in combination. 

يجبأنتكونالموادالمستخدمةفيتصنيعمعداتالضغط،مالميتماستبدالها،

  .مناسبةلحياةالخدمةبأكملها
يجبأنتلتزمالموادالاستهلاكيةللحاموموادالربطالأخرىفقطبالمتطلباتذات

منالفقرةالأولى،سواءبشكلفردي4.3)أ(و4.2و4.1الصلةفيالفقرات

      

http://www.druckgeraete-online.de/seiten/guidlines/guidA-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidD-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-03.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-21.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-08.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-09.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-12.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-23.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidH-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-12.php
http://www.druckgeraete-online.de/seiten/anf_dampf.htm#Beginn
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توليفةأوفي . 

 

 
 

4.1 For materials of pressure-bearing parts, the 

following provisions apply: بالنسبةلموادالأجزاءالحاملةللضغط

 :،تنطبقالأحكامالتالية
[ Guideline G-18 | Guideline G-22 ] 

  EN 12953-

2 : 

3.2.2;4.2; 

  

  (a) they must possess properties which are 

reasonably foreseeable for all 

reasonably foreseeable operating 

conditions and test conditions, and in 

particular have a sufficiently high 

ductility and toughness. If applicable, 

the properties of these materials shall 

comply with the provisions of Section 

7.5. In particular, the materials must be 

selected so that it may not come to a 

brittle fracture; if, for certain reasons, a 

brittle material has to be used, 

appropriate measures must be taken; 

أ(يجبأنتمتلكالخصائصالتييمكنتوقعهابشكلمعقول)

لجميعظروفالتشغيلالمتوقعةبشكلمعقولوظروفالاختبار،

افيهالكفايةوعلىوجهالخصوصلديهاليونةوقوةعاليةبم إذا .

كانذلكممكناً،يجبأنتمتثلخصائصهذهالموادلأحكامالقسم

علىوجهالخصوص،يجباختيارالموادبحيثلاتصل .7.5

إذاكانلابد،لأسبابمعينة،استخداممادةهشة، .إلىكسرهش

 يجباتخاذالتدابيرالمناسبة

[ Guideline G-10 | Guideline G-13 ] 

EN 12952-2 : 

3.1; 3.3 

    

  b) they must be sufficiently chemically resistant 

to the fluids carried in the pressure 

equipment; the chemical and physical properties 

required for operational safety must not be 

significantly impaired during the intended service 

life; 

c) they must not be significantly impaired by 

aging; 

ب(يجبأنتكونمقاومةكيميائياًبمافيهالكفايةللسوائلالمنقولةفيمعدات

يجبألاتتعرضالخواصالفيزيائيةوالكيميائيةاللازمةللسلامةالضغط؛

 التشغيليةإلىضعفكبيرخلالفترةالخدمةالمقصودة؛

 ج(يجبألاتتعرضللشيخوخةبشكلكبير؛

 

      

  (d) they must be suitable for the intended 

processing procedures; 

 د(يجبأنتكونمناسبةلإجراءاتالمعالجةالمقصودة؛

EN 12952-2 : 

3.1; 3.2 

    

  E) they must be selected so that no 

material adverse effects occur when 

combining different materials. ) يجبتحديدها

ثأيآثارسلبيةماديةعندالجمعبينالموادالمختلفةبحيثلاتحد . 

 

EN 12952-2 : 

3.2 

    

4.2 (a) The parameters required for the calculation in 

relation to section 2.2.3, as well as the essential 

properties of the materials and their treatment as 

described in section 4.1, shall be specified by the 

pressure equipment manufacturer. 

( ،وكذلك2.2.3أ(تحددالمعلماتاللازمةللحسابفيمايتعلقبالقسم

      

http://www.druckgeraete-online.de/seiten/guidlines/guidG-18.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-22.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-13.php
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،منقبل1-4الخصائصالأساسيةللموادومعالجتهاعلىالنحوالمبينفيالقسم

طالشركةالمصنعةلمعداتالضغ  

[ Guideline G-10 | Guideline G-17 ] 

  (b) The manufacturer shall provide in the 

technical documentation information on 

compliance with the material 

requirements of the Directive in one of 

the following forms:  

[ Guideline G-15 | Guideline G-21 ] 

ب(يجبعلىالشركةالمصنعةأنتقدمفيوثائقالتوثيق)

المعلوماتالمتعلقةبالامتثالللمتطلباتالماديةللتوجيهفيأحد

  :الأشكالالتالية

[ 

EN 764-5: All 

sections 

EN 12953-

2 : 

3.2.3;3.2.4; 

EN 764-5: All 

sections 

  -Use of materials according to the harmonized 

standards; 

ةاستخدامالموادوفقاللمعاييرالمنسق  

EN 12952-2 : 

4.1; 

    

  -Use of materials for which there is a European 

material approval for pressure equipment as 

referred to in Article 15; 

-Single report on the materials. 

[ Guideline G-01 | Guideline G-05 | Guideline 

G-06 |Guideline G-07 | Guideline G-

16 | Guideline G-19 |Guideline G-

24 |Guideline G-25 |Guideline G-30 ] 

(c) For category III and IV pressure equipment, 

the individual opinion referred to in point (b), 

third indent, shall be carried out by the notified 

body responsible for the conformity assessment 

of the pressure equipment. 

[ Guideline I-13 | Guideline I-14 ] 

استخدامالموادالتيتوجدلهاالموافقةالماديةالأوروبيةلمعداتالضغطالمشار -

؛15إليهافيالمادة  

 .تقريرواحدعلىالمواد

 المبدأ التوجيهي | G-05 المبدأ التوجيهي | G-01 المبدأ التوجيهي ]

G-06 | المبدأ التوجيهي G-07 |  المبدأ التوجيهي لمجموعة ال

المبدأ | G-24 المبدأ التوجيهي| المبدأ التوجيهي مجموعة ال 19 | 16

 [ G-30 المبدأ التوجيهي| G-25 التوجيهي

ج(بالنسبةلمعداتالضغطمنالفئتينالثالثةوالرابعة،يتمتنفيذالرأيالفردي)

المشارإليهفيالنقطة)ب(،البادئةالثالثة،منقبلالهيئةالمبلغةالمسؤولةعن

 .تقييمالمطابقةلمعداتالضغط

 المبدأ التوجيهي الأول - 14 | المبدأ التوجيهي الأول - 13 ]

 

      

4.3 The manufacturer of the pressure equipment 

must take the appropriate measures to ensure 
that the material used meets the specified 

requirements. In particular, all materials 

produced by the material manufacturer must be 

obtained for all materials and attesting 

compliance with a given rule.  

[ Guideline G-10 | Guideline G-27 | Guideline 

G-29 ] 

For the main pressure-bearing parts of Category 

II, III and IV pressure equipment, this shall take 

the form of a certificate of specific testing of the 

products.  

 

EN 12952-2 : 

6 

  

  EN 764-4: all 

sections 

http://www.druckgeraete-online.de/seiten/guidlines/guidG-10.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-17.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-15.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-21.php
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http://www.druckgeraete-online.de/seiten/guidlines/guidG-06.php
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http://www.druckgeraete-online.de/seiten/guidlines/guidI-13.php
http://www.druckgeraete-online.de/seiten/guidlines/guidI-14.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-01.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-05.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-06.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-07.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-16.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-24.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-25.php
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When a material manufacturer applies a suitable 

quality management system, certified by a 

competent body established in the EU, which has 

undergone a specific assessment of the materials, 

it shall be considered that the certificates issued 

by the manufacturer demonstrate compliance 

with the relevant requirements of that body Offer 

section. 

[ Guideline G-02 ] 

يجبعلىالشركةالمصنعةلمعداتالضغطاتخاذالتدابيرالمناسبةللتأكدمنأن

علىوجهالخصوص،يجبالحصول .الموادالمستخدمةتلبيالمتطلباتالمحددة

جميعالموادالتيتنتجهاالشركةالمصنعةللموادلجميعالموادوالتأكدمنعلى

  .الامتثاللقاعدةمعينة

 التوجيهي | G-27 المبدأ التوجيهي | المبدأ التوجيهي لمجموعة العشرون ]

E-29 ] 

للحصولعلىأجزاءضغطالحاملةالرئيسيةمنالمعداتفيالفئتينالثانيةوالثالثة

ادةمنمنتجاتمحددةوالرابعة،وهذايأخذشكلشه .  

 
حيثالصانعالماديومناسبة،مصدقةمنقبلشركةتأسستفينظامإدارة

الجودةالسلطةالمختصةفيالاتحادالأوروبي،الذيشهدفيمايتعلقموادمنتقييم

معين،ثميفترضأنالصادرةعنشهادةالشركةالمصنعةلإثباتالامتثال

اقسمالعرضللمتطلباتذاتالصلةفيهذ . 

 [ G-02 المبدأ التوجيهي ]

 

 
    

   25.5 Fired or otherwise heated 
overheating-prone pressure 
equipment in accordance 
with Article 4 (1) 

      

  [ Guideline B-22 | Guideline C-04 | Guideline 

H-15 ] 

These pressure devices are part of 

Steam and hot water generators referred to 

in Article 4 (1) (b) such as: Fired steam and hot 

water boilers, superheaters and reheaters, waste 

heat boilers, waste incineration boilers, 

electrically heated boilers or electrode boilers and 

steam pressure pots, together with their 

equipment and, where appropriate, their 

feedwater treatment and fueling systems; 

-Process heaters for non-steam and hot water 

media as referred to in Article 4 (1) (a) , such 

as: As heaters for chemical and similar processes 

and pressure equipment for the food 

industry. These pressure equipment shall be 

designed, designed and constructed to avoid or 

minimize the risk of significant failure of pressure-

retaining parts due to overheating.  

 

In particular, it must be ensured, where 

appropriate, that 

 أجهزةالضغطهذهجزءمن

مثل()ب(1)4المادةمولداتالبخاروالماءالساخنالمشارإليهافي كما :

reheatersأطلقتالبخاروالمياهالساخنةالمرجل،محمصاتو مرجل،ال
حرارةالنفايات،نفاياتحرقالمرجل،الغلاياتالكهربائيةللتدفئةأوالمرجل

الكهربائي،طناجرالضغط،جنباإلىجنبمعقطعالغيارالخاصةبهاوعند

 الاقتضاءأنظمتهالمعالجةالماءالمغذيوإمداداتالوقود؛

  EN 12953-

2 : 

4.4; 4.5;6; 

  

http://www.druckgeraete-online.de/seiten/guidlines/guidG-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-10.php
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المادةلمشارإليهافيالسخاناتالحراريةللوسائطغيرالبخاريةوالماءالساخنا -

،مثل()أ(1)4 كماسخاناتللعملياتالكيميائيةوماشابههاومعداتالضغط :

يجبتصميموتصنيعوبناءمعداتالضغطهذهلتجنبأوتقليل .لصناعةالأغذية

  .مخاطرالفشلالكبيرلأجزاءالاحتفاظبالضغطبسببارتفاعدرجةالحرارة

 
كمانذلك،عندالاقتضاء،ذلعلىوجهالخصوص،يجبض  

 

  (a) appropriate safeguards are provided to 

limit operating parameters such as heat 

input, heat output and, where 

applicable, fluid level to avoid the risk of 

local or general overheating; 

( ضماناتمناسبةللحدمنبارامتراتالتشغيلمثلأ(توفير

المدخلاتالحرارية،وخرجالحرارة،وعندالاقتضاء،مستوى

 السوائللتجنبخطرحدوثسخونةمحليةأوعامة

EN 12952-7 : 

5.4 to 5.6; 6.5 

to 6.9; 

EN 12952-8 : 

1;4.1.1; 4.1.2; 

4.3; 5;6.1; 

EN 12952-16 : 

4-10; 

EN 12953-

6 : 5.4 to 

5.6; 6.6 to 

6.8; 

EN 12953-

7 : 

4.1.1;4.1.2;

 4.3; 5; 6.1; 

EN 12952-

12 : 4 to 

10; 

  

  (b) where necessary, provide sampling 

points so that the properties of the 

fluids can be assessed to avoid risks 

associated with deposits and / or 

corrosion; 

رة،توفيرنقاطلأخذالعيناتبحيثيمكنتقييمب(عندالضرو

 خصائصالسوائللتجنبالمخاطرالمرتبطةبالودائعو/أوالتآكل

EN 12952-10 : 

5.2; 

    

  (c) reasonable precautions are taken to 

eliminate the risks of deposit damage; 

( دائعج(اتخاذاحتياطاتمعقولةللقضاءعلىمخاطرتلفالو  

EN 12952-8 : 

1; 

EN 12952-10 : 

5; 

EN 12953-

7 : 

4.1.1;4.1.2;

 4.3; 5; 6.1; 

  

  d) possibilities for the safe removal of 

residual heat after a shutdown are 

created; 

 د(إمكاناتالإزالةالآمنةللحرارةالمتبقيةبعدإنشاءإيقافالتشغيل

      

  e) measures are taken to prevent the 

dangerous accumulation of flammable 

mixtures of flammable substances and 

air and flashback. 

هـ(اتخذتتدابيرلمنعالتراكمالخطيرللمزائجالقابلةللاشتعال)

 .منالموادالقابلةللاشتعالوالهواءوالاضطرابالعكسي

 

 

  

EN 12952-8 : 

1.6.3; 

EN 12952-9 : 

4 to 9; 

EN 12952-14 : 

4 to 9; 

EN 12953-

7 : 6.3; 

  

 
    

6 
25.6 Pipelines acc. Article 4 (1) 

(c) 

      

  By design and construction, the following must be 

ensured: 

a) The risk of overuse due to inadmissible 

movement or excessive forces z. As to flanges, 

connections, compensators or hose lines is to be 

prevented by support, attachment, anchoring, 

alignment or bias in a suitable manner; 

(b) where condensation may form inside pipelines 

for gaseous fluids, provision shall be made for 

drainage or debris removal from low-lying areas 

  EN 12953-

7 : 

4.2.1;4.2.2;

 4.2.3; 4.2.

6; 
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in order to prevent damage due to water hammer 

or corrosion; 

c) due account shall be taken of the possibility of 

turbulence or vorticity damage. The 

corresponding provisions of section 2.7 apply; 

d) the risk of fatigue caused by vibrations in pipes 

shall be duly taken into account; 

(e) where the pipelines contain Group 1 fluids, it 

is appropriate to ensure that the branches of the 

pipes, which pose significant risks due to their 

dimensions, may be shut off; 

(f) in order to minimize the risk of accidental 

removal, the sampling points on the permanent 

side of the joints shall be clearly marked, 

indicating the fluid contained; 

(g) To facilitate maintenance, inspection and 

repair work, the location and course of buried 

pipelines and pipelines shall be specified, at least 

in the technical documentation. 

 :حسبالتصميموالبناء،يجبضمانمايلي

أ(خطرالإفراطفيالاستخدامبسببالحركةغيرالمقبولةأوالقواتالمفرطة

بالنسبةللحافاتوالوصلاتوالمعوضاتأوخطوطالخرطوم،يجبمنعها .ض
 عنطريقالدعمأوالتعلقأوالتثبيتأوالانحيازأوالتحيزبطريقةمناسبة؛

( الحالاتالتييمكنأنيتكونفيهاالتكثيفداخلخطوطأنابيبللسوائلب(في
الغازية،يجبإجراءالصرفعلىالتصريفأوإزالةالأنقاضمنالمناطق

 المنخفضةلتجنبالضررالناجمعنمطرقةالمياهأوالتآكل؛

تنطبقالأحكام .ج(يجبمراعاةاحتماليةحدوثاضطرابأوتلففيالدوامة

؛2.7لمقابلةفيالقسما  

د(يجبأنتؤخذفيالاعتبارمخاطرالإجهادالناجمعنالاهتزازاتفيالأنابيب

 ؛

( ،فمنالمناسب1هـ(إذاكانتخطوطالأنابيبتحتويعلىسوائلالمجموعة

 التأكدمنأنهقديتمإغلاقفروعالأنابيبالتيتشكلمخاطركبيرةبسببأبعادها؛

( نمخاطرالإزالةالعرضية،يجبأنيتموضععلاماتواضحةعلىو(للحدم

نقاطالمعاينةعلىالجانبالدائممنالمفاصل،ممايدلعلىوجودالسائل

 المتضمن؛

ز(لتسهيلأعمالالصيانةوالتفتيشوالإصلاح،يجبتحديدموقعوطرق)
خطوطالأنابيبالمدفونةوخطوطالأنابيب،علىالأقل  

 

 
    

  
25.7 Special Quantitative 

Requirements for Specific 
Pressure Equipment 

كمية الخاصة لمعدا  الضغط المتطلبا  ال
ةالمحدد  
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7 Special Quantitative Requirements for 

Specific Pressure Equipment 

الخاصة لمعدات الضغط المحددةالمتطلبات الكمية   

[ Guideline H-06 ] 

      

  The following provisions are generally 

applicable. If they are not applied, including in 

the case where materials are not specifically 

mentioned and harmonized standards are not 

applied, the manufacturer must demonstrate that 

appropriate measures have been taken to achieve 

an equivalent overall level of safety.  

This section is part of Annex I. Its provisions 

supplement the essential requirements of sections 

1 to 6 for pressure equipment to which they 

apply. 

 .الأحكامالتاليةقابلةللتطبيقبشكلعام

لايتمتطبيقها،بمافيذلكفيحالأنالموادلاتشيرتحديداإلىوتطبقأية 

معاييرموحدة،اتخذتالشركةالمصنعةيجبإثباتأنالتدابيرالمناسبةلتحقيق

  .المستوىالعامأيمايعادلالسلامة
لالمتطلباتالأساسيةللأقساممنهذاالقسمجزءمنالملحقالأول.أح ِّ 1كامهتكم 

لمعداتالضغطالتيتنطبقعليها6إلى . 

      

7.1 Permitted loadsالأحمال المسموح بها       

7.1.1 symbols 

 

Re, t (elastic limit) refers to the following values 

at the calculation temperature, depending on the 

case: 

- upper yield strength for materials having a 

lower and upper yield strength; 

- 1.0% proof strength for austenitic and unalloyed 

aluminum; 

- 0.2% proof strength in the remaining cases. 

 

Rm, 20 denotes the minimum value of tensile 

strength at 20 ° C.  

Rm, t denotes the tensile strength at the 

calculation temperature. 

 حرف

 

حدالمرونة(إلىالقيمالتاليةعنددرجةحرارةالحساب،وفقاً) re ،t تشير كلمة

 :للحالة

 قوةإنتاجيةأعلىللموادالتيلهاقوةغلةمنخفضةوأعلى؛ -

 ٪للألومنيومالأوستنيوغيرالمصقول؛1.0قوةمقاومةبنسبة -

 .٪فيالحالاتالمتبقية0.2قوةمقاومةبنسبة -
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Rm  ،20درجةمئوية20يدلعلىالقيمةالدنيالقوةالشدعند.  

Rm ،t يدلعلىقوةالشدعنددرجةحرارةالحساب. 

 

 

7.1.2 The permissible general membrane stress shall 

not exceed the lower of the following values for 

predominantly static loads and at temperatures 

outside the range in which creep phenomena are 

significant, depending on the material used: 

Ferritic steel, including normally annealed 

(normalized rolled) steel, with the exception of 

fine grain steel and special heat treated steel: 2/3 

of Re, t and 5/12 of Rm, 20; 

Austenitic steel: 

-If the elongation at break is greater than 30%: 

2/3 of Re, t; 

Or alternatively, if the elongation at break is 

above 35%: 5/6 of Re, t and 1/3 of Rm, t; 

Unalloyed and low alloy cast steel: 10/19 of Re, t 

and 1/3 of Rm, 20; 

Aluminum: 2/3 of Re, t; 

Non-hardenable aluminum alloys: 2/3 of Re, t 

and 5/12 of Rm, 20. 

[ Guideline G-14 ] يجبألايتجاوزضغطالأغشيةالعامةالمسموح 
حمالالساكنةفيالغالبوعنددرجاتحرارةخارجالنطاقبهأقلالقيمالتاليةللأ

 :الذيتكونفيهظاهرةالزحفكبيرة،تبعاًللموادالمستخدمة

فولاذمنالحديد،بمافيذلكالصلبالملدن)الطبيعيالمدلفن(،باستثناءفولاذ

من2/3الحبوبالناعموالصلبالمعالجبالحرارةالخاصة:  Re ،t 5/12و

نم  Rm 20،  ؛ 

 :الفولاذالأوستنيتي

من٪2/3:30إذاكانتالاستطالةعندكسرأكبرمن -  Re،t؛ 

من٪5/6:35أوبدلاًمنذلك،إذاكانتالاستطالةعندكسرأعلىمن  Re و 

t من1/3و  Rm،t؛ 

من10/19سبائكالصلبغيرالسبائكيةوغيرالمنخفضة:  Re و t 1/3و

Rm من ؛20،  

من2/3نيوم:الألوم  Re،t؛ 

من2/3سبائكالألومنيومغيرالمتصلبة:  Re و t من5/12و  Rm 20، . 

 

 

EN 12952-3 : 

6.3; 

EN 12953-

3 : 6.2 
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7.2 Connection 

coefficients For welded connections , the 

connection coefficients must not exceed the 

following values: 

[ Guideline F-09 | Guideline G-19 ] 

لاتالاتصالعاملاتم بالنسبةللوصلاتالملحومة،يجبألاتتجاوزمعام 

 :لالقيمالتاليةالاتصا

      

  - For pressure equipment that undergoes 

destructive and nondestructive tests to verify that 

the joints are free from significant defects: 1,0 ; 

بالنسبةلمعداتالضغطالتيتخضعلاختباراتمدمرةوغيرتدميريةللتحققمن -

العيوبالكبيرةخلوالمفاصلمن : 1.0 

 

EN 12952-3 : 

All sections 

apply, except 

11.2.4; 

    

  -For pressure equipment undergoing non-

destructive random sampling: 0,85 ; 

 0.85 :لمعداتالضغطالتيتخضعلأخذعيناتعشوائيةغيرمدمرة

 

EN 12952-3 : 

11.2.4; 

    

  -For pressure equipment which does not undergo 

non-destructive testing except for visual 

inspection: 0,7 . 

لمعداتالضغطالتيلاتخضعلاختباراتغيرمدمرةباستثناءالفحص -

 0،7 :البصري

      

  If necessary, the type of stress and the 

mechanical and technological properties of the 

connection must also be taken into account. 

 
إذالزمالأمر،يجبأيضًاأخذنوعالإجهادوالخصائصالميكانيكيةوالتكنولوجية

 .للربطفيالاعتبار

EN 12952-3 : 

All sections 

apply; 

    

7.3 Pressure  

limiting devices , in particular for pressure 

vessels The temporary pressure exceeding 

specified in section 2.11.2 shall be limited to 10% 

of the maximum permissible pressure. 

[ Guideline E-02 ] 

عيةوخاصةلأ،لضغطاتحديدة جهزأ  
٪10على2.11.2لقسمافيوزلمتجاالمؤقتالضغطايقتصرأنجبلضغطيا

بهحلمسموالأقصىللضغطالحدامن . 

EN 12952-10 : 

5; 

EN 12953-

8 : 4.2; 

  

7.4 Hydrostatic test pressure 

For pressure vessels, the hydrostatic test 

pressure specified in section 3.2.2 shall be the 

higher of the following: 

- 1.25 times the maximum load of the pressure 

equipment in service, taking into account the 

maximum permissible pressure and the maximum 

permissible temperature, or 

-The 1.43-fold value of the maximum allowable 

pressure 

[ Guideline C-06 | Guideline H-02 | Guideline 

H-16 ] 

 ضغط اختبار الهيدروستاتيكي

3.2.2لأوعيةالضغط،يكونضغطالاختبارالهيدروستاتيكيالمحددفيالقسم

 :أعلىمايلي

أضعافالحملالأقصىلمعداتالضغطفيالخدمة،معمراعاةالحد 1.25 -

  EN 12953-

3 : 5.6 

  

http://www.druckgeraete-online.de/seiten/guidlines/guidF-09.php
http://www.druckgeraete-online.de/seiten/guidlines/guidG-19.php
http://www.druckgeraete-online.de/seiten/guidlines/guidE-02.php
http://www.druckgeraete-online.de/seiten/guidlines/guidC-06.php
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أوالأقصىالمسموحبهمنالضغطودرجةالحرارةالقصوىالمسموحبها،  

- طأضعافالحدالأقصىالمسموحبهمنالضغ1.43القيمة  

7.5 Material 

properties Unless other criteria to be considered 

require other values, a steel shall be considered 

to be sufficiently ductile within the meaning of 4.1 

(a) if its elongation at break is at least 14% in the 

standard tensile test and the notch impact work 

on an ISO-V sample at a temperature of not 

exceeding 20 ° C, but not exceeding 27 J at the 

intended lowest operating temperature. 

[ Guideline G-13 | Guideline G-17 | Guideline 

G-18 |Guideline G-22 | Guideline G-28 ] 

 خصائص المواد
صلبلتكونالدكتايلبمافيهمالمتتطلبمعاييرمختلفةلتكونقيمأخرى،يعتبرال

إلكترونيأ(عندمااستطالةعندالكسرفي4.1الكفايةكماهومحددفيالقسم

٪،والطاقةتأثيرعلى14وضعهاالطبيعينفذتوفقالاختبارالشدلايقلعن

درجةمئوية،ولكنلاتتجاوز20عنددرجةحرارةلاتتجاوز ISO V عينة

27 J ارةالتشغيلالمقصودةفيأدنىدرجةحر . 
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02 Reference 1: Water-tube boilers and auxiliary installations Part 3: Design 
and calculation for pressure parts 

https://www.sis.se/api/document/preview/31887/ 

EN 12952-3:2001 (E) 

26.1 Scope 

This Part of this European Standard specifies the requirements for the design and calculation of 

water-tube boilers as defined in EN 12952-1. 

26.1.1 Normative references 

This Part of the European Standard incorporates by dated or undated reference, provisions from 

other publications. 

These normative references are cited at the appropriate places in the text and the publications are 

listed hereafter. 

For dated references, subsequent amendments to, or revisions of any of these publications apply to 

this European Standard only when incorporated in it by amendment or revision. For undated 

references, the latest editions of the publication referred to applies (including amendments). 

prEN 1092-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, 

PN designated — Part 1: Steel flanges. 

EN 1591, Flanges and their joints — Design rules for gasketed circular flange connections  

Calculation method. 

prEN 1759-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, 

class designated — Part 1: Steel flanges NPS ½ to 24. 

EN 10025, Hot rolled products of non-alloy structural steels — Technical delivery conditions 

(includes amendment A1 : 1993). 

prEN 10266, Steel tubes, fittings and structural hollow sections — Definitions and symbols for use 

in product standards. 

prEN 12953-3, Shell boilers — Part 3: Design and calculation. 

EN 12952 series, Water-tube boilers and auxilliary installations. 

prEN 13445 series, Unfired pressure vessels. 

prEN 13480 series, Metallic industrial piping. 

ISO 7-1, Pipe threads where pressure-tight joints are made on the threads — Part 1: Dimensions, 

tolerances and designations. 

ISO 4287, Geometrical Product Specification (GPS) — Surface texture: Profile method — Terms, 

definitions and surface texture parameters. 

https://www.sis.se/api/document/preview/31887/
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26.1.2 Terms and definitions 

For the purpose of this standard the terms and definitions given in EN 12952-1 apply. 

26.1.3 Symbols and abbreviations 

For the purposes of this standard, the symbols given in Table 4-1 of EN 12952-1 shall apply. 

Throughout this European Standard, additional terminology and symbols have been included 

where necessary to meet the requirements of the specific text concerned. 

26.1.4  General 

Water-tube boiler pressure parts shall be designed in accordance with the requirements of EN 

12952-3. The resulting designs shall be reproduced in the form of approved drawings and 

specifications to ensure the proper application of the design requirements during the 

manufacturing and inspection stages. 

26.2  Dimensions of pressure parts 

The wall thickness and other dimensions of pressure parts sufficient to withstand the calculation 

pressure at calculation temperature for the design lifetime shall be determined in accordance with 

EN 12952-3 using materials in accordance with EN 12952-2.the design for loadings arising from the 

following situations shall also be determined in accordance with this part of EN 12952: 

a) the bending of a drum or header as a beam under self weight and imposed loads; 

b) local support loads on drums; 

c) thermally induced forces and moments within or arising from systems of integral tubing; 

d) local loading of tubes by structural attachments; 

e) rapid and frequent changes of pressure and temperature. 

Methods for calculating stresses caused by external loads applied to nozzles and to attachments 

shall be in accordance with prEN 13445. 

NOTE The purpose of this part is to give specific design rules for common forms of loadings to 

which boiler parts are normally subjected to and general rules on how other loadings are to be 

considered. It does not give specific design rules for loadings other 

than those described in a) to e). These design rules are adequate for boilers of established 

construction, installed and operated in accordance with the manufacturer's 

instructions.Determination of the dimensions of pressure parts shall be given special consideration 

not included in this standard, when abnormal conditions are present, such as: 

f) abnormally high corrosive products of combustion; 

g) highly pressurized products of combustion; 

h) poor feedwater. 

Deviations from the requirements of this standard by the use of alternative design methods shall 

be permitted, provided it can be shown that the adoption of such methods does not impair the 
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safety of the component. A record of all deviations shall be recorded in the manufacturer`s dossier. 

See also clause 7 of EN 12952-1. 

26.3 Strength of pressure parts 

The strengths of the pressure parts shall be such as to withstand the following loads: 

a) internal pressure 

b) the weight of all pressure parts and their contents, the weight of components suspended from 

them and any 

superimposed slag, fuel, ash or dust; 

c) loads caused by gas pressure differentials over the boiler furnace and flue gas passes; 

d) loads arising at connections between the boiler system and other parts. 

If applicable, the pressure parts shall be adequate to withstand wind and earthquake loads. The 

conditions applicable for such loads shall be determined by the manufacturer. 

26.4 Design by analysis 

It shall be permissible to design by analysis provided the safety and functional requirements of the 

components are 

not impaired. 

The results of any stress calculations carried out for loadings not explicitly covered by equations in 

this clause shall be determined by using the criteria given in prEN 13445. 

26.5 Cyclic loading 

Boiler components are deemed to be exposed to cyclic loading if the boiler is designed for more 

than 500 cold start ups. Where cylindrical or spherical pressure parts with openings are subject to 

cyclic loading, the following calculation shall be carried out: 

 

where 

p0 is the maximum operating pressure, 

dm is the mean diameter of the shell, 

ems is the minimum wall thickness; 

ns = 2 for cylindrical shells or 

ns = 4 for spherical shells; 
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αm = 4 or if there is any doubt that this value is conservative, the exact value taken from Figure 

13.4-5 or 

Figure 13.4-7 shall be used; 

Z = 2 K mm4/(N s) for ferritic steels or 

Z = 1 K mm4/(N s) for austenitic and martensitic steels or 

 

Where exact values Dth, βt, E, v may be taken from annex D, γcyl sp from Figure 13.4-6 or 13.4-9 

and αt from Figure 13.4-8. 

If the result of this calculation is smaller than the required temperature transient at start up, or if it 

is negative, then 13.4 shall apply. 

For designs subject to cyclic loading, careful attention shall be paid to the design configuration in 

order to avoid stress raising features and to ensure good stress distribution. Stamping of materials 

shall not be done in critical areas. 

In considering operating conditions, the design shall make adequate allowance for corrosion and 

fatigue. 

The level of non-destructive testing adopted shall meet the acceptance criteria for main drum 

welds in EN 12952-6. 

26.6 Other design requirements 

26.6.1  General 

In particular, cognizance shall be taken of the following requirements in EN 12952-5 and EN 12952-

6: 

a) the design shall be such that manufacturing and welding in accordance with EN 12952-5 and 

inspection in accordance with EN 12952-6 shall be possible; 

b) where partial penetration welds are to be used, the depth of the required weld preparation 

groove shall be specified on the drawing; 

c) the welds attaching branches, nozzles, stubs and supports to drums and headers shall not 

involve any combination of austenitic and ferritic steel; 

d) the requirements covering the attachment of nozzles and branches to drums and headers 

without strength welding shall be to 9.3 of EN 12952-5; 

e) the requirements covering tube connections to drums and headers without strength welding 

shall be to 9.4 of EN 12952-5; 

f) limits of operation for cast iron valves and fittings; 
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g) where random NDE of welds is permitted by EN 12952-6, it shall be demonstrated that the 

welding is adequate for the imposed loading when a weld joint factor of 0,85 is applied; 

h) the special requirements applicable to coil boilers are given in annex D of EN 12952-5; 

i) the special requirements applicable to chemical recovery boilers are given in annex E of EN 

12952-5. For major components operating in the creep range, facilities shall be provided for 

monitoring the creep in relation to operation. 

26.6.2 Access 

The boiler shall be designed to ensure adequate access is provided to facilitate the internal 

examination of the drums and headers. The examination may be either manual or remote in 

accordance with the physical size of the components. The requirements and limitations of access 

and inspection openings shall be in accordance with 9.2 

of EN 12952-5. 

26.6.3 Drainage and venting 

The boiler shall be provided with adequate means of drainage and venting in order to avoid water 

hammer and 

vacuum collapse, and to enable internal inspections to be carried out. 

26.7 Design, calculation and test pressures 

26.7.1 Design pressure 

For the purpose of EN 12952-3 the design pressure pd shall be equal to/or greater than the 

maximum allowable pressure PS.For each compartment of the water-tube boiler, the design 

pressure shall be at least the highest set pressure of any safety valve mounted on that 

compartment. 

NOTE A compartment is any pressurized section of plant which can be isolated by shut-off valves. 

26.7.2 Calculation pressure 

Each compartment might be divided into sections, each with its own calculation pressure pc and 

calculation temperature tc. The design of each section shall be based on one of the following. 

a) For parts whose design stress has been derived from tensile strength Rm or minimum yield 

proof strength Rp 0,2 tc, the calculation pressure shall be the design pressure increased to the 

highest pressure possible when the plant is operating at the calculation temperature. Any 

difference between design pressure and calculation pressure might be caused by hydrostatic 

pressure and by pressure drop caused by fluid flow. Differences in hydrostatic height less than or 

equal to 0,05 MPa can be ignored; 

b) For parts whose design stress has been derived from the creep rupture stress, the calculation 

pressure shall be the lowest set pressure of any safety valve at the superheater/reheater outlet, as 

appropriate, increased by the 
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highest pressure difference possible under continuous rating at the calculation temperature. A 

check shall be made of the thickness calculated by method b), using the calculation pressure of 

 a) above with a design stress derived from tensile strength Rm or minimum yield/proof strength 

Rp 0,2/tc at the calculation temperature used in 

 b), and the greater thickness used. 

If the minimum yield strength data at higher temperatures are not available, linear extrapolation 

may be allowed. 

26.7.3 Calculation pressure for pressure differences 

For parts with a design pressure not less than 1 N/mm2, which are simultaneously subject to both 

internal and external pressure, e.g. surface type attemperators in boiler drums, and where the 

design ensures that both pressures always occur together, the calculation pressure shall be the 

maximum pressure difference, but not less 

than 1 N/mm2. The loading occurring during hydrostatic testing shall be taken into account. 

26.7.4 Hydrostatic test pressure 

26.7.4.1 General 

In order to demonstrate, the strength and integrity of individual components and of the 

completely assembled watertube boiler, and to establish that no major error or defect has occurred, 

completely assembled water-tube boilers shall be hydrostatically tested to the test pressure 

specified in 5.7.4.3 and individual components shall be hydrostatically tested in accordance with 

5.7.4.3 without any sign of weakness or defect. The hydrostatic tests shall be carried out on welded 

components or the completed water-tube boiler after all welding and heat treatment has been 

completed, but may be carried out prior to the drilling of holes for expanded tubes in 

the boiler drum. 

5.7.4.2 Hydrostatic tests on individual components 

Boiler drums shall be hydrostatically tested to the test pressure specified in 5.7.4.3 before assembly 

into the watertube boiler, unless these devices are to be assembled into a water-tube boiler and the 

assembled water-tube boiler is then to be tested in the manufacturer's workshop to the test 

pressure specified in 5.7.4.3. All components which are not reasonably accessible for inspection 

after assembly into the water-tube boiler shall be individually hydrostatically tested to the test 

pressure specified in 5.7.4.3 before assembly into the water-tube boiler. Components other than 

those specified above shall not require to be individually tested before assembly in the water-tube 

boiler. 

26.7.4.2 Test pressure 

A boiler assembly comprises of a number of components each having its own specific calculation 

pressure and design temperature. The test pressure pt for components as defined in 5.7.4.2 shall be 

determined directly in accordance with 5.7.4.4.As there can only be one hydrostatic test pressure 
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for a boiler assembly or separately isolated compartment as defined in 1.2 of EN 12952-1, it shall be 

necessary to carry out a series of individual calculations on selected components throughout the 

assembled boiler or isolated compartment, if applicable, in accordance with 5.7.4.4, to determine 

the individual apparent test pressure for each selected component. The hydrostatic test pressure 

for the  whole assembly shall be the pressure which ensures that none of the components selected 

shall be subjected under test conditions to a stress greater than that given in 6.3.4. 

26.7.4.3  Calculation of hydrostatic test pressure 

The hydrostatic test pressure for a component or completely assembled boiler, shall be determined 

as follows: 

pt = 1,43 × PS or 

 

which ever is the greater, where 

pc is the calculation pressure of the component under consideration 

pt is the test pressure for the component under consideration The ratio Rp0,2 20/K to be used shall 

be the highest of those permitted for the component under consideration, based on the material 

properties and the specific calculation temperature and should not be less than 1, see also 6.3. 

26.8 Metal wastage 

NOTE For the purpose of design in accordance with EN 12952-3 metal wastage includes oxidation, 

corrosion, erosion and abrasion. 

26.8.1 Internal wastage 

Internal wastage is normally small and shall not be considered for boilers operated with feedwater 

in accordance with EN 12952-12. For components exposed to risk of greater than normal wastage 

(e.g. erosion by turbulence), 

appropriate countermeasures shall be provided. 

The magnetite layer shall be protected in accordance with 13.4.1.1. 

26.8.2 External wastage 

External wastage of pressure parts not exposed to flue gases is normally small, and the thickness 

determined by this EN 12952-3 shall be adequate without further addition. 

Tubes exposed to flue gases shall experience wastage to a varying extent. If the boiler design data 

indicates that wastage can be significant, the tubes shall be increased in thickness accordingly. Also 

other means of tube protection may occur. In this case the wall thickness allowance shall be 

specified by the manufacturer unless the purchaser has specified a higher allowance. In the special 
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case of chemical recovery boilers, it shall be permitted to provide for wastage by means of 

metallurgically bonded, composite materials tubing with corrosion resistant layers. 

26.8.3 Requirements 

Where an allowance for wastage is made, the amount shall be specified in the design documents 

stipulating whether this allowance is "internal or external". Strength calculations shall use the 

dimensions after the wastage allowances are removed. 

However, for tubes designed using design strengths derived from creep rupture properties, 

integration over time of the effects of creep and wastage shall be permitted, so that failure can be 

predicted at a time not less than the design lifetime. In such cases the tube thickness towards the 

end of the design life might be less than required by 

equations (11.2-2 to -5). 

26.8.4 Stress corrosion 

With boiler water quality controlled in accordance with EN 12952-12, stress corrosion would not be 

expected to occur in ferritic tubing under normal boiler operating conditions. The risk of such 

corrosion in austenitic superheater materials can be satisfactorily reduced by ensuring no water 

droplets are carried over into the austenitic tubing. 

Carry over can be considered to have been adequately restricted if the steam has an enthalpy of 2 

900 kJ/kg or greater, or the enthalpy corresponds to a temperature of 425 °C or higher. Where it is 

predicted that exceptional conditions of chemical concentration may occur for prolonged periods 

of operation, the effects of stress corrosion and corrosion gouging shall be considered, and the 

materials selected 

accordingly. 

NOTE It is not possible to compensate for stress corrosion by increasing the thickness of 

components. 

26.8.5 Mechanical requirements 

Where there is a likelihood of in-service relative movement or fretting between a pressure part and 

a non-pressure part in contact with it, consideration shall be given to wastage of the components. If 

necessary wear pads shall be welded to the pressure part, or other equivalent means shall be 

employed. 

26.9 Attachments on pressure parts 

26.9.1 Load carrying attachments 

Load-carrying attachments shall be defined by the design engineer and indicated as such on the 

drawing. 

Load-carrying attachments are: 
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a) attachments designed for primary loads which are completely definable and are usually for 

support purposes, 

or; 

b) attachments which are usually provided for alignment and/or restraint purposes where the 

loading is not easily defined. Such attachments may be loaded by either primary or secondary 

loads. 

Stresses caused by load-carrying attachments shall be calculated in accordance with prEN 13445. 

26.9.2 Non-load-carrying attachments 

Non-load-carrying attachments are attachments which carry no significant primary or secondary 

loads during manufacture, erection, testing or any operating condition. 
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01 Calculation temperature and nominal design stress 

27.1 Calculation temperature 

27.1.1 General 

For the purpose of EN 12952 the maximum allowable temperature TS shall be that at the steam/hot 

water outlet. 

The reference temperature tor shall the mean fluid operation temperature of the component under 

consideration, which is to be expected during use. Where steam or water flows through 

components in parallel, tor for each component shall take account of variations in heat transfer and 

fluid flow between the parallel parts. The calculation temperature tc of a component shall be 

calculated by taking account of variations in heat transfer and fluid flow in the boiler. If such 

calculations are not carried out then the calculation temperature tc shall be composed of the 

reference temperature tor and the temperature allowance in accordance with 6.1.2 to 6.1.10. The 

temperature allowances in Table 6.1-1 shall be regarded as minimum values, except where 

calculations of tc are carried out, and is allowed by 6.1.5. 

 

27.1.2 Circulation boilers 

For circulation boilers, the reference temperature and the temperature allowance shall be in 

accordance with Table 6.1-1. 

27.1.3 Once-through boilers, superheaters and reheaters 

The calculation temperature tc shall be calculated taking into account of variations in heat transfer 

and fluid flow in the boiler. For once-through boilers, superheaters and reheaters the reference 

temperature shall be the mean temperature expected during service, of the fluid flowing through 

the various boiler parts. 
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27.1.4 Hot water generators 

For the special case of hot water generators, where the temperature of the contained fluid is 

limited by thermostats1), the reference temperature of the components shall be the fluid 

temperature. 

1) Temperature limiters manufactured and tested in accordance with EN 12952-11 are considered 

to be reliable . 

27.1.5  Temperature allowances for unheated components 

For unheated components carrying superheated steam, the temperature allowance of 15 °C given 

in Table 6.1-1 shall be reduced to 5 °C (measuring tolerance) if it shall be ensured that the 

temperature required by the design cannot be exceeded. 

This can be achieved by: 

a) temperature control upstream of the said components; 

b) the arrangement of cooling or mixing points (e.g. by headers through which the fluid flows in a 

longitudinal direction) upstream of the said components; 

c) connection measures for heating surface arrangement or the like. 

27.1.6 Headers 

Tubular hollow parts with a nominal external diameter greater than 76,2 mm, into which there are 

three or more non-axial tube entries, shall be considered as headers. 

27.1.7 Unheated components 

Components shall be considered to be unheated if 

a) they are behind refractory brickwork, and an intermeditate space of at least 100 mm is between 

the brickwork and the components; 

b) a gas-tight-welded waterwall is arranged between the components and the furnace or gas pass; 

c) the components are protected by a layer of refractory bricks or refractory lining and this layer is 

not primarily subject to heat absorption due to radiative heat transfer2); in this case, the brickwork 

or refractory lining shall be attached to the suspended part by means of holding devices. In the 

case of headers, studding can be provided for this purpose; 

d) the highest possible temperature of the flue gas is less than the reference temperature of the 

component. 

27.1.8 Components protected against radiation 

Components shall be considered to be protected against radiation2) if they are screened by closely 

spaced tubes (maximum clear distance 3 mm) and no substantial flow of flue gases can occur 

between the screening tubes and the components. 

27.1.9 Components heated by convection 

Components shall be considered to be primarily heated by convection if 
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a) they are not subject to radiation2); 

b) the components are protected by a layer of refractory brickwork or refractory lining against 

radiative heat transfer1). 

In this case, the bricks or refractory lining shall be attached to the suspended part by holding 

devices, which in the case of headers, can be studding; 

c) the components are protected by a row of tubes with a ratio of 

PΦ / d0 ≤ 1,3 n0,63 (6.1-1) 

where 

n is the number of rows; 

PΦ is the tube pitch; 

do is the outside tube diameter. 

This requires a value of 

PΦ/do ≤ 1,3 for one row of tubes in accordance with Figure 6.1-1; 

PΦ/do ≤ 2,0 for two rows of tubes in accordance with Figure 6.1-2; 

PΦ/do ≤ 2,6 for three rows of tubes in accordance with Figure 6.1-3. 

d) the components are provided with closely spaced tubes in accordance with Figure 6.1-4 with a 

ratio of  

 

where 

P0 is the longitudinal pitch with ∅ = 0; 

P90 is the circumferential tube pitch on the external surface with ∅ = 90; 

l is the distance between component and furnace envelope. 

27.1.10 Components heated by radiation 

Unscreened components shall be considered to be primarily heated by radiation, if they are subject 

to radiation by flue gases with a temperature > 950 °C. 

Figure 6.1- 
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27.2 Maximum through-the-wall temperature difference and maximum flue gas 
temperature for heated drums and headers 

27.2.1 Maximum through-the-wall temperature difference 

The through-the-wall temperature difference (defined as outside wall temperature minus inside 

wall surface temperature) of heated drums and headers, shall not exceed 30 K. 

NOTE Components made from ferritic steel not exceeding 32 mm wall thickness and exposed to a 

heat flux less or equal to 40 kW/m2 will meet this requirement. 

27.2.2 Headers exposed to flue gases 

Surfaces of superheater and reheater headers shall not be exposed to flue gas temperatures in 

excess of 500 °C. 

27.2.3 Allowable deviations 

In cases where it is necessary to deviate from 6.2.1 and 6.2.2 it shall be verified that unsteady and 

steady thermal stresses do not lead to unacceptable stresses in the component wall. 

27.3 Design stress 

27.3.1 Design stress for components 

The design stress f to be used for the design of components primarily subjected to static loading 

shall be the lowest value obtained from equation (6.3-1) 

 

where the material strength value K and the safety factor S are given in Tables 6.3-1 or 6.3-2. 
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27.3.2 Design stress for welded connections operating under creep condition 

When the creep properties of the welded connection are known, the smallest of the design 

strengths of the welded connection and the two joined materials shall be used for loading at right 

angles to the weld seam. 

When the creep properties of the welded connection are not known, but those of the filler material 

are known, the design strength for this loading shall be reduced by 20 % from the smaller of the 

design strengths of the joined materials. When the creep strength of the filler metal is not known, 

the joint strength shall be reduced by a further 

20 %. 

27.3.3 Design stress for austenitic steels 

In the case of austenitic steels, the following shall be used: 

– if its elongation after rupture exceeds 30 %, of Re t; 

– or, alternatively, and if its elongation after rupture exceeds 35 %, 5/6 of Re t and of Rm 20. 

27.3.4 Design stress for test pressure 

At the test pressure p' the design stress shall be 

 

where the material strength value K' and the safety factor S' are given in Table 6.3-3. 
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01 Cylindrical shells of drums and headers under internal pressure 

28.1 Shell thickness 

28.1.1 Requirements 

The shell thickness after deduction of allowances, ers = es c1 c2 of drums and headers shall be the 

greatest of those required by the following: 

a) a minimum of 9,5 mm for headers 300 mm outside diameter and above, and a minimum of 6 

mm for headers below 300 mm outside diameter; 

b) the requirements of 7.2 by applying 8.2 or 8.3.3 and 8.3.4; 

c) the requirements of 7.3 and 7.4 (if applicable). 

28.1.2 Required wall thickness including allowances 

The required wall thickness including allowances shall be derived from 

es' = ecs + c1 + c2  

28.2 Basic calculation 

28.2.1 Required wall thickness without allowances 

The required wall thickness without allowances ecs, in mm, of a cylindrical shell shall be 

determined by either of the following equations  

 

where the following applies in addition to Table 4-1 of EN 12952-1: 

– v is the minimum efficiency for isolated or adjacent branches vb or vm, respectively, isolated or 

adjacent openings in longitudinal, oblique or circumferential direction, determined in accordance 

with 8.2 by way of approximation or in accordance with 8.3.3 and 8.3.4. Cladding for the purpose 

of metal wastage resistance shall not be taken into account.The calculation of the required wall 

thickness of a main body reduced in strength by openings shall only be possible by iteration since 

strength reduction depends on the wall thickness. 
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The equivalent value of the stress in the shell shall be calculated using an inversion of equations 

(7.2-1) or (7.2-2).Thermal stress caused by through-the-wall-temperature-difference shall be taken 

into account in accordance with the requirements of clause 13. 
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01 Reference 2: Part 2: Materials for pressure parts of boilers and 
accessories EN 12952-2:2001/ 

This European Standard incorporates, by dated or undated reference, provisions from other 

publications. These normative references are cited at the appropriate places in the text and the 

publications are listed hereafter. For dated references, subsequent amendments to or revisions of 

any of these publications apply to this European Standard only when incorporated in it by 

amendment or revision. For undated references, the latest edition of the publication referred to 

applies (including amendments). 

 EN 440, Welding consumables – Wire electrodes and deposits for gas shielded metal arc welding 

of non alloy and fine grain steels – Classification.  

EN 499, Welding consumables – Covered electrodes for manual metal arc welding of non alloy and 

fine grain steels – Classification.  

EN 756, Welding consumables – Wire electrodes and wire-flux combinations for submerged arc 

welding of non alloy and fine grain steels – Classification.  

EN 758, Welding consumables – Tubular cored electrodes for metal arc welding with and without 

a gas shield of non alloy and fine grain steels – Classification.  

EN 759, Welding consumables – Technical delivery conditions for welding filler metals – Type of 

product, dimensions, tolerances and marking.  

prEN 764-4:1999, Pressure equipment – Part 4: Establishment of technical delivery conditions for 

materials.  

prEN 764-5:1999, Pressure equipment – Part 5: Compliance and inspection documentation of 

materials.  

prEN 1092-1:2001, Flanges and their joints – Circular flanges for pipes, valves, fittings and 

accessories, PN designated – Part 1: Steel flanges.  

EN 1503-1, Valves – Materials for bodies, bonnets and covers – Part 1: Steels specified in European 

Standards.  

EN 1503-2 , Valves – Materials for bodies, bonnets and covers – Part 2: Steels other than those 

specified in European Standards.  

EN 1599, Welding consumables – Covered electrodes for manual metal arc welding of creep-

resisting steels – Classification.  

EN 1668, Welding consumables – Rods, wires and deposits for tungsten inert gas welding of non 

alloy and fine grain steels – Classification. 

 prEN 1759-1:2000, Flanges and their joints – Circular flanges for pipes, valves, fittings and 

accessories, class designated – Part 1: Steel flanges, NPS ½ to 24.  

EN 10002-1, Metallic materials – Tensile testing – Part 1: Method of test at ambient temperature. 
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EN 10002-5, Metallic materials – Tensile testing – Part 5: Method of testing at elevated temperature. 

EN 10021, General technical delivery requirements for steel and iron products.  

EN 10028-1, Flat products made of steels for pressure purposes – Part 1: General requirements. EN 

10028-2, Flat products made of steels for pressure purposes – Part 2: Non alloy and alloy steels 

with specified elevated temperature properties. 

 EN 10028-3, Flat products made of steels for pressure purposes – Part 3: Weldable fine grain steels, 

normalized.  

EN 10045-1, Metallic materials – Charpy impact test – Part 1: Test method. EN 10160, Ultrasonic 

testing of steel flat product of thickness equal or greater than 6 mm (reflection method).  

EN 10164, Steel products with improved deformation properties perpendicular to the surface of 

the product – Technical delivery conditions. EN 10204, Metallic products – Types of inspection 

documents.  

EN 10213-1, Technical delivery conditions for steel castings for pressure purposes – Part 1: 

General.  

EN 10213-2, Technical delivery conditions for steel castings for pressure purposes – Part 2: Steel 

grades for use at room temperature and elevated temperatures.  

prEN 10216-1:1995, Seamless steel tubes for pressure purposes – Technical delivery conditions – 

Part 1: Non alloy steel tubes with specified room temperature properties. prEN 10216-2:1998, 

Seamless steel tubes for pressure purposes – Technical delivery conditions – Part 2: Non alloy and 

alloy steel tubes with specified elevated temperature properties.  

prEN 10216-3:1998, Seamless steel tubes for pressure purposes – Technical delivery conditions – 

Part 3: Non alloy and alloy fine grain steel tubes.  

prEN 10216-5:1998, Seamless steel tubes for pressure purposes – Technical delivery conditions – 

Part 5: Stainless steel tubes.  

prEN 10217-2:1998, Welded steel tubes for pressure purposes – Technical delivery conditions – 

Part 2: Electric welded non alloy and alloy steel tubes with specified elevated temperature 

properties.  

prEN 10217-3:1998, Welded steel tubes for pressure purposes – Technical delivery conditions – 

Part 3: Alloy fine grain steel tubes.  

EN 10222-2, Steel forgings for pressure purposes – Part 2: Ferritic and martensitic steels with 

specified elevated temperature properties.  

EN 10222-3, Steel forgings for pressure purposes – Part 3: Nickel steels with specified low 

temperature properties.  

EN 10222-4, Steel forgings for pressure purposes – Part 4: Weldable fine grain steels with high 

proof strength.  

EN 10222-5, Steel forgings for pressure purposes – Part 5: Martensitic, austenitic and austenitic-

ferritic stainless steels.  
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EN 10228-1, Non-destructive testing of steel forgings – Part 1: Magnetic particle inspection.  

EN 10228-2, Non-destructive testing of steel forgings – Part 2: Penetrant testing. EN 10228-3, Non-

destructive testing of steel forgings – Part 3: Ultrasonic testing of ferritic or martensitic steel 

forgings. 

 EN 10236, Metallic materials – Tube – Ring expanding test.  

EN 10246-6, Non-destructive testing of steel tubes – Part 6: Automatic full peripheral ultrasonic 

testing of seamless steel tubes for the detection of transverse imperfections 

29.1 Materials covered by European Material Standards 

 Pressure parts 

Pressure parts of water-tube boilers covered by this European Standard shall be constructed from 

steel products in accordance with table A-1. 

Steel products shall be of the types listed in the European Standards, see clause 2, manufactured in 

accordance with these standards, and which comply in all respects with the minimum 

requirements of this Part. 

 Fittings 

Non-alloy and alloy steel butt-welding fittings shall be in accordance with ISO 3419; 

Stainless steel butt-welding fittings shall be in accordance with ISO 5251. 

 Flanges 

Steel flanges shall be in accordance with prEN 1092-1, EN 1759-1 or ISO 7005-1 as appropriate. 

 Valves 

Metal valves for use in flanged tubing systems shall be in accordance with EN 1503-1 or EN 1503-2. 
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29.2  Materials for pressure parts  

29.2.1 Materials covered by harmonized European material Standards for pressure purposes  

 Flat products, forgings, castings, tubes, fittings, flanges and valve bodies  

The material shall be ordered and delivered in accordance with annex A and the relevant 

European Standards EN 10028-2, EN 10028-3, EN 10213-1, EN 10213-2, prEN 10216-2, prEN 10216-

3, prEN 10217-2, prEN 10217-3, EN 10222-2, EN 10222-5, EN 10253-1, EN 10254 and EN 10273. The 

additional requirements given in this Part shall be taken into account. Harmonized supporting 

standards are prEN 1092-1, EN 1503-1, EN 1503-2, prEN 1759-1.  

 Cast iron 

 Nodular cast iron shall not be used in the construction of pressure parts, except for valves and fittings as 

indicated in prEN 12952-7, within the design limits specified in EN 12952-3. The use or other types of cast 

iron shall not be permitted.  

 Studs, bolts and nuts  

Studs, bolts and nuts shall be ordered and delivered in accordance with the requirements of EN 

12952-3.  



Reference 2: Part 2: Materials for pressure parts of boilers and accessories EN 12952-2:2001/ 

260 

  Welding consumables  

The welding consumables (electrodes, filler wires, filler rods, fluxes, fusible inserts) shall be selected so that 

the mechanical properties of the weld metal are compatible with the relevant requirements of the base 

materials from EN 440, EN 499, EN 756, EN 758, EN 759, EN 1599, EN 1668, EN 12070, EN 12071, EN 

12074 and EN 12536. The welding consumables shall be ordered and delivered according to specifications 

approved in accordance with EN 12074 and prEN 13479-1.  

 Verification of properties 

 The properties shall conform to the requirements of the European material Standards. Compliance with the 

delivery requirements shall be documented in the inspection document.  

 Requirements for non-destructive examination  

The non-destructive examination (NDE) requirement for various forms of material shall be as given below.  

a) plates: NDE in accordance with EN 10160 class S1.  

b) tubes – seamless: Seamless tubes shall be tested in accordance with prEN 10216 (Series) test 

category II . For unalloyed seamless tubes with design temperatures below 450 °C and design 

pressures below 42 bar, it is permitted to perform category 1 in accordance with prEN 10216-2. 9  

1) longitudinal imperfections: NDE in accordance with EN 10246-7 Acceptance level: U2 sub-

category B for cold finished and machined tubes U2 sub-category C for all other conditions  

2) transverse imperfection: NDE in accordance with prEN 10246-6 Acceptance level: U2 sub-

category C for all headers with outside diameters > 142 mm.  

3) tube ends: NDE in accordance with annex B of EN 10246-7; Acceptance level: U2 sub-category B 

or C as for longitudinal imperfections. NOTE: This is only mandatory for fixed length tubes. When 

the tubes are in close end to end contact, it can be accepted that 100 % (full length) ultrasonic 

examination has taken place, and therefore no additional tube end examination is required. 

 c) tubes - welded: Welded tubes of test category II in accordance with prEN 10217- 2 For 

unalloyed welded steel tubes with design temperatures below 450 °C and design pressures below 

42 bar, it is permitted to perform category I in accordance with prEN 10217-2. However, the 

longitudinal weld shall be subject to ultrasonic examination. 

 1) longitudinal imperfections: NDE in accordance with EN 10246-7 Acceptance level: U2 sub-

category C  

2) transverse imperfection: NDE in accordance with prEN 10246-6 Acceptance level: U2 sub-

category C for all headers with outside diameter > 142 mm.  

3) tube ends: NDE in accordance with annex B of EN 10246-7; Acceptance level: U2 sub-category C 

as for longitudinal imperfections.  

NOTE: This is only mandatory for fixed length tubes. When the tubes are in close end to end 

contact, it can be assumed that 100 % (full length) ultrasonic examination has taken place, and 

therefore no additional tube end examination is required. The requirements annex I, 3.1.2. and 

3.1.3 of Pressure Equipment Directive 97/23/EC should be taken into account. 

 d) forgings: Forgings produced in accordance with EN 10222-2, EN 10222-3, EN 10222-4, prEN 

10222-5 and solid bars produced in accordance with EN 10222-2 required for the production of 

tubular sections by machining, shall be tested in accordance with the requirements for tubes taking 
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into consideration EN 10228-1 to EN 10228-3, steel closed die forgings shall be delivered in 

accordance with EN 10254.  

e) steel castings: Steel castings shall be delivered and tested in accordance with EN 10213-1 and EN 

10213-2. 
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.2 Reference 3: Water-tube boilers and auxiliary installations - Part 5: 
Workmanship and construction of pressure parts of the boiler EN 12952-

5:2001 

30.1 Tube bending procedure tests 

30.1.1  General 

 The requirements to be met by procedure tests covering the bending and forming of tubular 

components, as defined in 7.3.2 are given in the following clauses. Procedure tests for tubular 

products are divided into three groups, depending on outside diameter and the forming processes 

employed, as follows: 

– A.2 Hot or cold formed bends in tubes with outside diameter Š 142 mm 

– A.3 Cold formed bends in tubes with outside diameter > 142 mm 

– A.4 Hot formed bends in tubes with outside diameter > 142 mm 

 Procedure tests carried out within the material groups defined in table A.1 of EN 12952-2 qualify 

other lower 

alloyed or softer materials (lower ultimate tensile strength) in the same group, in particular 

materials in steel group 1.2 cover 1.1 and 5.2 cover 5.1. 

 The validity ranges of the tube bending procedure tests are defined in A.2.3, A.3.3 and A.3.4. 

 Procedure test bends shall be bent to an angle of at least 90°. This shall be deemed to represent the 

minimum requirements for all bend angles. The thickness and DFC measurements shall be taken at 

30° intervals from within this bend angle. Thickness determination shall normally be by sectioning 

but, for tubes above 80 mm nominal outside diameter, thickness may be determined by ultrasonic 

means. Any mechanical test specimens required shall, where possible, be taken from within this 

bend angle. However, where this is not possible, required specimens shall be taken from the straight 

tube adjacent to the commencement of the bend, which has been subject to the same heat treatment, 

if any, as the bend. 

 The manufacturer shall prepare documented records of all tube bend procedure tests.A.2 Hot or cold 

formed bends in tubes with outside diameter Š 142 mm 

 Types of bending processes The bending process is normally characterised by specific machines 

using different forms of tooling. A change to a similar machine, of different load capacity, using the 

same tooling shall not require requalification. 

The following shall be permitted types of tube bending processes, but these are not to be 

considered as limiting: 

– rotary draw bend (without mandrel); 

– rotary draw bend (with mandrel); 

– boost bending (without mandrel); 

– boost bending (with mandrel); 

– press or squeeze bending; 

– roll bending; 

– any of the above in conjunction with local automatic strip heating on the intrados of the bend; 
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– gang bending for water wall panels. 

Other than for local automatic strip heating on the intrados of the bend, where hot bending is 

employed, heating shall be by an induction process or by heating in a gas fired or other form of 

furnace/muffle. 

 Post-bending heat treatment (PBHT) 

Bends shall be subject to PBHT in accordance with 7.3.8 and 7.3.9 prior to testing. 

Separate qualification shall be required for: 

a) cold bend (without PBHT); 

b) cold bend (with PBHT); 

c) hot bend (without PBHT); 

d) hot bend (with PBHT). 

Any test bends made using controlled local automatic strip heating on the intrados of the bend, 

except those in steel group 1.1 and 1.2, shall be normalised, or normalised and tempered, as 

appropriate, in accordance with the requirements of the base material specification or data sheet. 

A.2.3 Validity range of tests 

A.2.3.1 Any combinations of tube outside diameter, wall thickness and bend radius for a given 

material grouping 

(see A.1.2) and given types of bending process shall be acceptable, provided the requirements for 

the tube forming ratio (TFR) given in A.2.3.2 are met. 

A.2.3.2 The TFR shall be determined by a particular set of bending test parameters dO, e and rb in 

accordance with 

A.2.3.3. Any other combination of parameters, within a given steel group and bending process up 

to a TFR of 110 % 

of the one determined in the test, shall be covered. 

A.2.3.3 TFR shall be: 

 

where 

 

dO = tube outside diameter, in mm; 

e = nominal tube wall thickness, in mm; 
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rb = radius of bend measured to the centre-line of the tube, in mm. 

The following example illustrates how TFR shall be applied: 

Dimensions of test bend: 

Outside diameter of tube dO 51 

Nominal tube thickness e 5 

Radius of bend rb 150. 

Steel group: 1 

Bending process: Cold rotary draw. 

 

Other tube bends made with the same bending process in the same steel group would be 

compared for qualification 

within the validity range of the test bend in accordance with table A.2-1: 
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.7 Water-tube boilers and auxiliary installations – Part 4: In-service boiler life 
expectancy calculations EN 12952-4 

 

31.1 Calculation of in-service creep damage  

31.1.1  General 

 This annex describes a procedure for calculating the creep damage of a boiler and its major 

components during operation. It is based on measured values of pressure and temperature, from 

which the actual primary stress and the expected lifetime at these conditions may be determined. 

Design lifetime is not necessarily identical with the operating lifetime. It is therefore necessary to 

make projections at various stages throughout the operating lifetime of the boiler to determine its 

expected lifetime. 

31.1.2  Symbols and abbreviations  

In addition to the symbols given in EN 12952-1:2001, Table 4-1, the symbols given in Table A.1 

apply. 

 

31.2 Calculation of in-service lifetime and creep damage  

31.2.1 General  

The calculation of the usage factor due to creep is a method that retrospectively takes into 

consideration the previous modes of operation. It is carried out for highly loaded components on 

the basis of the measured operating temperatures and gauge pressures. In order to limit the 

number of the required calculations and to more clearly present the results, the pressure and 

temperature range over which the component has been operated, shall be broken down into 

increments. The membrane stress fop at the highest loaded point in the component shall be 

obtained by transposing the design formula using the mean pressure of each pressure increment. If 

the operating pressure is not measured continuously during operation the separation into 

increments is not valid and under such circumstances the operating pressure for 100 % load may 

be used, thus resulting in more conservative predictions. If available, the measured minimum wall 

thickness may be used. If this was not measured, the guaranteed minimum wall thickness of the 
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material as delivered shall be used. The theoretical lifetime Tal shall be calculated for each rating 

temperature/pressure. According to Figure A.1, Tal is obtained at the intersection of the stress line 

fop and the lower limit curve of the scatter band of the creep rupture strength (= 0,8 Rm T tc) at the 

mean temperature of each temperature increment. The respective portion of the creep damage 

∆Dci k for each incremental temperature/pressure is obtained by the ratio of the operating time 

Top for this increment divided by the theoretical lifetime Tal for the same increment. 

 

The operating times in the temperature/pressure increment shall be summarized, taking into 

account the temperature allowances for measuring uncertainties and for temperature asymmetries 

in due consideration at this classification. The usage portion for each increment is given by 

                                                                                               A.1 

The creep damage Dc during the evaluated period shall be obtained from the linear damage rule 

by summing up the values ∆Dci k for all temperature increments and, if any, pressure as follows: 

 

31.2.2 Online computerized data storage  

In the case of on-line data storage by means of a data processing system a separation into 

increments may be waived. For calculation of the theoretical lifetime Tal the on-line measured 

values of pressure and temperature including the above mentioned allowances shall be used 

instead of the mean values of the increments. The increase of creep damage is obtained in this case 
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from the measured time divided by the theoretical lifetime (see Tables A.2 and A.3). The computer 

programme used shall permit the results to be verified by at least a random test. 
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.0 Water-tube boilers and auxiliary installations –Part 7: Requirements 
for equipment for the boiler-12952-7 

General requirements for steam boilers and hot water generators 

32.1 Safeguards against excessive pressure 

Each steam boiler and hot water generator shall be equipped with safeguards against excessive 

pressure in accordance with prEN 12952-10. 

32.2 Heat supply system 

 For the heat supply of steam boilers and hot water generators the following Parts of this European 

Standard shall apply: 

-8 for firing systems for liquid and gaseous fuels; 

-9 or prEN 12952-16 for solid fuels. 

 The heat supply shall be adapted to the allowable heat output as well as to the intended mode of 

operation. 

32.3 Ash removal plants 

Ash removal plant shall be in accordance with prEN 12952-9 or prEN 12952-16. 

32.4 Flue-gas cleaning plants 

Flue-gas cleaning plants shall be in accordance with prEN 12952-13 and prEN 12952-14. 

32.5 Requirements for limiting devices and safety circuits 

  All limiters and their installation shall be in accordance with prEN 12952-11. The electrical safety 

circuits shall correspond to prEN 50156-1 (see safety levels given in Table 4.6.1 and Annex B). 

  Functional testing of limiters shall be possible at any time for any operating condition, e.g. by 

simulation where appropriate. If any part of the functional test involves delaying the cut-off and 

lock-out of the heat supply, then the time delay shall not exceed a value specified by the 

manufacturer. For boilers fitted with water level limiter, the time delay shall not exceed the time for 

the water level to fall from the lowest controlled water level to LWL at MCR: 

a) for steam boilers in the case of complete loss of feedwater supply and at maximum steam 

output, i.e. 

 

b) for hot water generators in the case of interrupted feeding and recirculation and at the allowable heat 

output,i.e. 
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where 

QHW is the equivalent steam generation calculated according to the allowable heat output, in kg/s; 

QSt is the maximum continuous rating, in kg/s; 

t is the sinking time, in s; 

V is the water volume between HHS and LWL, in m3; 

vHW is the specific water volume, m3/kg; 

vSt is the specific water volume at saturated steam temperature, in m3/kg. 

 The result of each limiter check shall be clearly recognizable to the boiler operator, e.g. by the 

lighting of a signal. 

32.6 Cleaning, access and inspection openings 

 Steam boilers and hot water generators shall be provided with openings to permit cleaning and 

inspection of the boiler interior. Sufficient space shall be provided to permit access to the steam 

and water spaces and the combustion chamber as well. 

 Water or steam-containing components with an inside diameter of more than 1 200 mm and 

components with a diameter of more than 800 mm and a length of 2 000 mm shall be so designed 

as to permit internal inspection. 

Internals shall be of such a design as not to obstruct inspection of the component walls, or it shall 

be possible to remove them. 

 Headers and similar components shall be provided with adequate access for inspection of their 

inner surface as follows: 

 

 

Inspection access shall be designed as head, hand or inspection holes where manual inspection 

methods are to be used or, as inspection nozzles where inspection devices are used e.g. 

endoscopes. 

 Sizes of openings in water and steam spaces shall be: 

a) Manholes shall not be smaller than 320 mm × 420 mm or have an inside diameter of at least 420 

mm. The nozzle or ring height shall not exceed 300 mm, and 350 mm in the case of a tapered 

design. For structural or design reasons, the openings of manholes may be reduced to 300 mm × 

400 mm clear width or to 400 mm inside diameter. In such cases, the nozzle or ring height shall not 

exceed 150 mm, or 175 mm in the case of a tapered design. For minimum number of openings see 

table 4.6-1; 
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b) Head holes shall not be smaller than 220 mm × 320 mm or have an inside diameter of at least 320 

mm. The nozzle or ring height shall not exceed 100 mm, or 120 mm in the case of a tapered design. 

For minimum number of openings (see table 4.6-1); 

c) Hand holes shall not be smaller than 100 mm × 150 mm or have an inside diameter of at least 120 

mm. The nozzle or ring height shall not exceed 65 mm, or 95 mm in the case of a tapered design. 

For minimum number of openings (see table 4.6-1); 

d) Inspection holes shall have a diameter of 50 mm. However, they shall be provided only where a 

hand hole is not possible for design reasons. For minimum number of openings see Table 4.6-1; 

e) Inspection nozzles shall have an inside diameter of approximately 50 mm. They may be 

arranged in axial and/or radial direction as shown in Figure 4.6-1. Radial inspection nozzles may 

be omitted, if connecting tubes can be used in lieu of such nozzles. 
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 تنقية الدخان ..

 

 

 

 

 

 

 

 

Figure 38:electrofilter 

 

 

 
 "Master Thesis Maysaa Kamareddine, 2016" انظر



NLAP 1.5 MW Incineration Power Plant, Technical&Business Specification 

 

273 

33.1 ESP16 

Quality )عرض)متر 
Width 

 طول )متر(

Length 
 العدد
Quantity 

 السماكة )مم(
thickness 

 رديد مزيب 

Iron quicksilver 
1 2 6 0.5 

 فولاذ
steel 
 

1 2 1 5 

 قضيب نحاس

Copper rod 

مم 6قطر   0.8 43 _ 

 

Inlet, outlet of ESP: 2 sheet (1:2m) 

Chimney: 2 sheet (1:2m)   

Cyclone: 2 sheet (1:2m) iron quicksilver 

 

33.2 Incineration Tests17 

 Incineration without plastic 

                                                   

 16 Electrostatic preceptor 

 17 Master Thesis Maysaa Kamareddine, 2016, see www.aecenar.com/publications 
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Figure 39: beginning of combustion   Figure 40: filter media after treatment  
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Figure 41: chimney during incineration  

Calculation of emissions  

V2 = V1 * (P1/P2) * (T2/T1) * (Z2/Z1)                    

Converting to uniform units 

V1 = 314.000 Nm³/h 

P1 = 1.000 atm 

T1 = 273.150 °K 

T2 = 323.150 °K 

P2=1.000 atm 

P1, T1 normal conditions  

P2, T2 specification for exhaust  
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Z1=1 (ideal), Z2=1.01(at 1 atm): Compressibility Factor  

Calculation for V2 

V2 = 314.000*(1.000/1.000) *(323.150/273.150)*(1.100/1.100) 

V2 = 375 m³/h 

Or mass of filter before treatment =1300 g  

Mass after treatment =1364  

 The total mass of particulate =1364-1300=64 g 

375 m³/h correspond to 64 g  

positive results Lebanese standard (annex D)m³ <200 mg/ m³ confirm to  Thus 170 mg / معالجة 
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 (Preparation of rost ashالرماد بعد حرق النفايات المنزلية والاستفادة منه ) 3.

 نظرة عامة 377.

 

 



 (Preparation of rost ash) منه والاستاادة المنزلية النااات  رر  بعد الرماد
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 45و  0: ما بين الرماد من الجسيما  رمم توزيع 

 % من الرماد90ملمتر تشكل 
Die Metalle sind ferner in die Fraktionen Eisenmetalle (Fe) und Nichteisenmetalle (NE) zu 

unterteilen. 

drei Hauptbestandteile der Rostasche 

للرماد الثلاثة الرئييسية المكونا   

 

 

 

 

 

 

 

 

 (minerals)معادن  84%

)وما لم تغيره عملية الحر  مثل بطون ، رمر، 
 ارميد، ...(

 رديد )و الومينيوم، نحاس( 10%
(Unter den Metallen sind eisenhaltiger Schrott, Aluminium, 

Kupfer und Messing vorhanden) 

Im Hinblick auf eine spätere verfahrenstechnische Aufbereitung 

ist Rostasche in drei Hauptbestandteile aufzuteilen. Hierbei 

können aufgrund der Inhomogenität der Inputmaterialien nur 

Schwankungsbreiten angegeben werden. Das Bild 2 zeigt die 

beispielhafte Zusammensetzung aus uns vorliegenden 

Materialansprachen. 

VA-Metall = Rostfreier Stahl (stainless steel)  
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% لم يحر  ولكن قابل للحر  و يعاد الى المحرقة 5)
 )مثل خشب، ور ، ثياب، ...(

34.2 FLUREC/FLUWA 

 

Chemical ash recycling 



 التحكم غرفة
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 ة التحكمغرف 3.
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 عن طريق حرق النفايات MW773ارقام مالية وايجابيات لمشروع بناء وتشغيل محطة طاقة  2.

 

 

- مجمل الارباح:  

 
 4ملايين دولار خلال  5ارجاع-

 سنوات 

- 4استرداد الكلفة الاجماليه 
سنوات مع ربح  4ملايين خلال 

مليون دولا صافي  1  

 

 

 

-2)ان تشغيل المحطة 
(ميغاوات  

ساعة يوميا  22لمدة    

الف دولار  900يوفر تقريبا 
 سنويا  

ملايين  4أي ما يقارب 
سنوات    4دولارخلال   

1kwh               0.10$ 

- طن من  30من يوميا تخلص
 النفايات   

- الف  20توفير مبلغ$  

شهريا من كلفة التخلص من 
 النفايات المترتبة على البلدية 

 الف 250توفيرمبلغ -
 ذللك يعني سنويا دولار

سنوات 4كل دولار مليون  
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 1.5MWنحتاجها لبناء محطة  التيالمواد الاولية  1.

incinerator number rad(inch) length 

prix($/6m

) 

stainless 

306 steel($/6m) total ($)

vertical tubes 216 2 2.5 50 $4,500

horizontal tubes 216 2 1

sheet for v.tubes 30 4 mm thic (1:2 m) 70 $2,100

sheet for h.tubes 12 4 mm thic (1:2m) 70 $840

sheet for inciner 12 6 mm thic (1:2m) 70 $840

tube for vaporiser 1 4 12 100 $100

condenser   
tubes 530 1 6 m 120 $63,600

tube 1 12 6 m 

water tank
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37.1 Costs of Building the 1.5 MW plant  

NLAP 1.5 MW Mobile Incineration Plant, total installation costs

Part

Number of 

pieces Total Supplier

Steam filter 1 1.000,00$           

Condensor 1 35.000,00$         

condensor cooling 1 1.500,00$           

tubes (Stainless) 10m 1 inch 45.000,00$         

Generator 1 32.500,00$         

Jamal&Chaban,

Omar M. 

Mohamad

diesel burner including fuel 

feed 1 2.000,00$           

safety valve 15 bar 1 1.000,00$           

pressure sensors 5 15.000,00$         

fresh water tank (stainless) 1 2.000,00$           

incineration burning chamber 

(including transportation 

band)&vaporizer (climbing 

tubes…) 1 200.000,00$      

fume purification

(incl. filter for CO, SO2, NH3) 1 50.000,00$         Costs All in all

Turbine 1.5 MW 1 857.500,00$      $1.555.500

Hardware Control System 

(Including Instrumentation) 25.000,00$         

x 1.3 (with 

overhead)

Water antioxidant system 3.000,00$           $2.022.150

Sorting House 15.000,00$         

mobile platform 30.000,00$         

Total Material $1.315.500

Task MM Qualifikation Salary/MM Total Salary

Integration with Test Vaporizer

Integration with Incineration Vap. 30 Eng. $3.000 $90.000

Integration 

Turbine Electrics 7 Eng. $3.000 $21.000

Integration Process

Control system 5 Eng. $3.000 $15.000

Control System 18 Eng. $3.000 $54.000

Project Management 20 Eng. $3.000 $60.000

Total Man Power Costs 80 $240.000

Material Costs (including workers for manufatoring)

Engineering Staff Costs

 

37.1.1.1 Funding utilization and milestones 

  
Milestone 

 
Funding need 

 كانونالثاني 2017

Steam Control Valve Testrig finished, Waste inlet control 

finished 

Basic Development  20k$ 

 شباط  

TEMO-IPP Demonstration plant at Qalamoun site in 

operation 

Marketing 30k$ 
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Ground for production facility ready Infrastructure آدار    50k$ 

نيسان    

NLAP production plant at Ras Nhache site installed 

(Hangar) 

Infrastucture  20k$ 

 أيار  

Ground for 1.5 MW is aquisited and prepared 

Detailed Specification&Design according to customers 

wish finished 

1.5 MW plant project  280k$ 

Start of manufactoring &installation حزيران    1.5 MW plant project  0.5Mio$ 

Manufactoring of Condensor finished تموز    1.5 MW plant project    

Manufactoring of Incinerator & Vaporizer finished آب    1.5 MW plant project  0.5Mio$ 

Manufactoring of Turbine finished أيلول    1.5 MW plant project    

تشرينالاول    all mechanical devices installed, piping finished  1.5 MW plant project    

تشرينالثاني    Process control system installed and tested  1.5 MW plant project   0.5Mio$ 

wohle plant integration tested 1.5 MW plant project كانونالاول      

Delivery of plant كانونالثاني 2018  1.5 MW plant project   0.5Mio$ 

2019 
 

Operation of 1.5 MW plant 
 

96k$ 

2020 
   

96k$ 

2021 
   

96k$ 

2022 
   

96k$ 

2023 
   

96k$ 
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.1 Suppliers 

 ...(CNC and others instruments) تصنيع قطع

Company  
Phone 

number 
Description Address 

E-mail 

web site 

CNC LAB 

06 412 895 

03 476 916 

Manufacture 3D design in 

plastic & open source 

hardware 

Tripoli,Lebanon 

Bahsas,Behind 

Haykalieh Hospital, 

Harba Bld. 

www.cnclab.com 

info@cnclablb.com 

 

Hasan Al Baba 03 828 256 Manufacture and casting  
Tripoli, Lebanon 

Mina, Industry and 

Commerce street 

 

HI-Tech fabrication 

Fawaz Abdel Hadi 

06 442 787 

70 751 522 

Precision mechanical parts 

manufacturing brass & 

steel marking heads maker 

Tripoli, Lebanon 

Mahjar suhi 

P.O. Box 1274 

 

www.hitechfabrication.com 

info@hitechfabrication.com 

sirfawaz@yahoo.com 

 

Hannuf  

mechanical 

‘Corporation for 

casting and art 

construction 

06 387 723 

03 717 107 

 

Manufacture and casting  Tripoli, Lebanon 

Al Badawi 
 

GPS Steel  03 196 225 

Uses electric discharge 

machining process to 

shape any metal material 

rapidly by using desired 

modeled electrodes 

Beirut, Lebanon 

Burj Hammoud 

 

Gps.steel.co@gmail.com 

 

 

 

Riyako factory 

79 118 779 

03 302 869 

3D CNC machine, 

manufacture cupboard for 

cars 

Tripoli, Lebanon  

Badawi, behind Al 

Ridani bakery  

Zaher23357@gmail.com 

 

 

http://www.cnclab.com/
mailto:info@cnclablb.com
http://www.hitechfabrication.com/
mailto:info@hitechfabrication.com
mailto:sirfawaz@yahoo.com
mailto:Gps.steel.co@gmail.com
mailto:Zaher23357@gmail.com
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Environment Impact Assessment of Waste to Incineration Power Plant NLAP-
IPP in Srar (Akkar/North Lebanon)  

Waste incinerator 450 ton/day, 25 MW electricity 
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39 Introduction 

This document is the first document concerning the process to get permission from Lebanese 

Government to operate NLAP-IPP. 

 الخطوا  لإجراء المشروع:

. طلب إذن من التنظيم المدني على اجراء المشروع في ارض معينة. سيعطي الإذن اذا كانت الارض مصناة 1
 لهذا الغرض

 . لما يوجد الإذن من التنظيم المدني: طلب سماح تقديم تقييم أثر بيئي من وزارة البيئة.2

 (Environment Impact Assessment - EIAابة تقييم الأثر البيئي ). كت3

The EIA Report includes18: 

 Description of the Project 

 Baseline scenario 

 Environmental factors affected 

 Effects on the environment 

 Assessment of Alternatives 

 Mitigation or Compensation Measures 

 Monitoring 

 Non-Technical Summary 

 Quality of the EIA Report

                                                   

18 (  ). 
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40 Laws 

40.1 Description to write an Environment Impact Assessment 

http://ec.europa.eu/environment/eia/eia-support.htm 

EU Commission guidance documents: 

  (2017) 
  (2017) 
  (2017) 

http://ec.europa.eu/environment/eia/pdf/EIA_guidance_Screening_final.pdf
http://ec.europa.eu/environment/eia/pdf/EIA_guidance_Scoping_final.pdf
http://ec.europa.eu/environment/eia/pdf/EIA_guidance_EIA_report_final.pdf
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40.1.1 Steps of EIA 
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40.1.2 The review checklist 
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40.1.3 Example section: Waste Framework Directive 

 

40.2 Incineration of Waste Directive 2000/76/EC19 

40.2.1 Summary of Directive 2000/76/EC on the incineration of waste (the WI Directive) 

 entered into force on 28 December 2000. It repealed former directives on the incineration of 

hazardous waste (Directive 94/67/EC) and household waste (Directives 89/369/EEC and 

89/429/EEC) and replaced them with a single text. The aim of the WI Directive is to prevent or to 

reduce as far as possible negative effects on the environment caused by the incineration and co-

incineration of waste. In particular, it should reduce pollution caused by emissions into the air, 

soil, surface water and groundwater, and thus lessen the risks which these pose to human health. 

This is to be achieved through the application of operational conditions, technical requirements, 

and emission limit values for incineration and co-incineration plants within the EU. 

The WI Directive sets emission limit values and monitoring requirements for pollutants to air such 

as dust, nitrogen oxides (NOx), Sulphur dioxide (SO₂), hydrogen chloride (HCl), hydrogen 

                                                   

19 http://ec.europa.eu/environment/archives/air/stationary/wid/legislation.htm 
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fluoride (HF), heavy metals and dioxins and furans. The Directive also sets controls on releases to 

water resulting from the treatment of the waste gases. Most types of waste incineration plants fall 

within the scope of the WI Directive, with some exceptions, such as those treating only biomass 

(e.g. vegetable waste from agriculture and forestry). Experimental plants with a limited capacity 

used for research and development of improved incineration processes are also excluded. 

The WI Directive makes a distinction between: 

a) incineration plants (which are dedicated to the thermal treatment of waste and may or may not 

recover heat generated by combustion) and 

b) co-incineration plants (such as cement or lime kilns, steel plants or power plants whose main 

purpose is energy generation or the production of material products and in which waste is used as 

a fuel or is thermally treated for the purpose of disposal). 

The WI Directive provides for public consultation, access to information and participation in the 

permitting procedure. 

Transposition into national legislation was necessary by 28 December 2002. From this date on new 

incinerators have had to comply with the provisions of the WI Directive. The deadline to bring 

existing plants into compliance was 28 December 2005. 

40.2.2 Legislation Summary - Waste incineration 20 

The European Union (EU) has introduced measures to prevent or reduce air, water and soil 

pollution caused by the incineration or co-incineration of waste, as well as the resulting risk to 

human health. These measures specifically require a permit be obtained for incineration and co-

incineration plants, and emission limits for certain pollutants released to air or to water. 

40.2.2.1 ACT 

Directive  of the European Parliament and of the Council of 4 December 2000 on the incineration of 

waste [See amending act(s)]. 

40.2.2.2 SUMMARY 

Incineration of both hazardous and harmless wastes may cause emissions of substances which 

pollute the air, water and soil and have harmful effects on human health. In order to limit these 

risks, the European Union (EU) shall impose strict operating conditions and technical 

requirements on waste incineration plants * and waste co-incineration plants *. 

40.2.2.3 Plants 

This Directive not only applies to solid or liquid waste incineration plants, but also to co-

incineration plants. 

                                                   

20 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=LEGISSUM:l28072 

https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#amendingact
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=LEGISSUM:l28072&from=EN#KEYTERMS
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Experimental plants which aim to improve the incineration process and which treat less than 

50 tons of waste are excluded from the scope of the Directive, as are plants which only treat: 

 vegetable waste from agriculture and forestry; 

 vegetable waste from food processing, if the heat generated is recovered; 

 certain fibrous vegetable waste from pulp paper or paper production if it is co-incinerated at the 

place of production and the heat generated is recovered; 

 certain wood waste; 

 cork waste; 

 radioactive waste; 

 animal carcasses; 

 waste resulting from the exploration of oil and gas and incinerated on board off-shore installations. 

40.2.2.4 Permits 

All incineration or co-incineration plants must have a permit to carry out their activities. The 

permit will be issued by the competent authority on the condition that the requirements defined in 

this Directive are complied with. The permit specifies the categories and quantities of waste which 

may be treated, the plant's incineration or co-incineration capacity and the procedures for 

sampling and measuring air and water pollutants to be used. 

40.2.2.5  Delivery and reception of waste 

During delivery and reception of waste, the operator of the incineration plant or co-incineration 

plant shall take all necessary precautions to prevent or limit negative effects on the environment 

and risks to people. 

Furthermore, prior to accepting hazardous waste at the incineration plant or co-incineration plant, 

the operator of the plant must have at their disposal the administrative information on the 

generating process, the physical and chemical composition of the waste, as well as on the 

hazardous characteristics of the waste. 

40.2.2.6  The operating conditions 

In order to guarantee complete waste combustion, the Directive requires all plants to keep the 

incineration or co-incineration gases at a temperature of at least 850°C for at least two seconds. If 

hazardous waste with a content of more than 1 % of halogenated organic substances, expressed as 

chlorine, is  incinerated, the temperature has to be raised to 1 100 °C for at least two seconds. 

The heat generated by the incineration process has to be put to good use as far as possible. 

40.2.2.7  Air emissions limit values 

The limit values for incineration plant emissions to air are set out in Annex V to the Directive. 

They concern heavy metals, dioxins and furans, carbon monoxide (CO), dust, total organic carbon 

(TOC), hydrogen chloride (HCl), hydrogen fluoride (HF), Sulfur dioxide (SO₂) and the nitrogen 

oxides (NO and NO₂). 



Error! Use the Home tab to apply Überschrift 2 to the text that you want to appear here. 

305 

The determining of limit values for co-incineration plant emissions to air is set out in Annex II. In 

addition, special provisions are laid down relating to cement kilns and combustion plants which 

co-incinerate waste. 

40.2.2.8 Water discharges from the cleaning of exhaust gases 

Incineration and co-incineration plants must have a permit which authorizes them to discharge 

used water caused by exhaust-gas clean-up. This permit will ensure that the emission limit values 

set out in Annex IV to the Directive are complied with. 

40.2.2.9  Residues 

Incineration or co-incineration residues must be reduced to a minimum and, as far as possible, 

recycled. When dry residues are transported, precautions must be taken to prevent their dispersal 

in the environment. Tests must be carried out to establish the physical and chemical characteristics, 

and polluting potential, of residues. 

40.2.2.10  Monitoring and surveillance 

The Directive requires the installation of measurement systems to monitor the parameters of an 

installation and relevant emissions. Emissions to air and to water must be measured continuously 

or periodically in accordance with Article 11 and Annex III of the Directive. 

40.2.2.11 Access to information and public participation 

Applications for new permits must be made accessible to the public so that the latter may 

comment before the competent authority reaches a decision. 

For plants with a nominal capacity of two tonnes or more per hour, the operator must provide the 

competent authority with an annual report on the functioning and monitoring of the plant, to be 

made available to the public. A list of plants with a nominal capacity of less than two tonnes per 

hour must be drawn up by the competent authority and made available to the public. 

40.2.2.12 Implementation reports 

By 31 December 2008, the Commission must report to Parliament and the Council on the 

application of the Directive, progress achieved in emission control techniques and experience with 

waste management. This report has been included in the Communication . 

Other reports on the implementation of the Directive will also be produced. 

40.2.2.13 Penalties 

The Member States must determine the penalties applicable to breaches of the Directive. 

40.2.2.14  Content 

This Directive aims to integrate into existing legislation technical progress in terms of monitoring 

emissions from incineration processes and to ensure compliance with the international 

commitments made by the Community with regard to reducing pollution, specifically concerning 

the setting of emissions limit values for dioxides, mercury and dust produced by waste 
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incineration. The Directive is based on an integrated approach: limits relating to water discharges 

have been introduced alongside value limits set for emissions into air. 

40.2.2.15  Key Terms of the Act 

 Incineration plant: any stationary or mobile technical unit and equipment dedicated to the thermal 

treatment of wastes with or without recovery of the combustion heat generated. This includes the 

incineration by oxidation of waste as well as other thermal treatment processes such as pyrolysis, 

gasification or plasma processes in so far as the substances resulting from the treatment are 

subsequently incinerated. 

 Co-incineration plant: any stationary or mobile plant whose main purpose is the generation of energy 

or production of material products and: 

References 

Act Entry into 

force 

Deadline for transposition in the 

Member States 

Official Journal 

Directive  28.12.2000 28.12.2002 OJ L 332 of 

28.12.2000 

Amending act Entry into 

force 

Deadline for transposition in the 

Member States 

Official Journal 

Regulation (EC) No  11.12.2008 - OJ L 311 of 

21.11.2008 

The successive amendments and corrections to Directive  have been incorporated in the original 

text. This  is of documentary value only. 

40.2.2.16 RELATED ACTS 

 of the European Parliament and of the Council of 24 November 2010 on industrial emissions 

(integrated pollution prevention and control) [Official Journal L 334 of 17.12.2010].Commission 

Decision  of 20 February 2006 laying down a questionnaire to be used for reporting on the 

implementation of Directive  on the incineration of waste [Official Journal L 121 of 06.05.2006].See 

also 

-  

-    

40.3 Laws and Guidance Issues Implemented in Srar EIA 

.....
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41 Description of the Environment 

41.1 Introduction 

tbd 

41.2 Description of the Area 

 
 

Coordinates: 34.6166278,36.124453,15 
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41.3 Environmental Components in Srar 

41.3.1 Physical Resources 

Description of Existing Environment   

 A. Physical Environment  

Components/ Parameters □  Yes  □ No  Remarks 

 1. What is the general elevation of the 

proposed gasoline station project site?  

<100 m 

100-300  

301-500  

501-1,000  

1,000-1,500  

>1,500  

 (To determine elevation, refer to the 

topographic map where the elevation 

per contour line is indicated)  

200m  

 

 

 2.  Slope and Topography of the area 

(within 50-meter radius from center of site) 

□ Terrain is flat or level (0-3% slope)  

□ Gently sloping to undulating (3-8% 

slope)  

□ Undulating to rolling (8-18% slope)  

□ Rolling to moderately steep (18-30% 

slope)  

□ Steeply rolling (30-50% slope)  

□ Very steep to mountainous (>50% 

slope)  

□ Terrain is flat 

or level (0-

3% slope)  
 

  

Do you know of any land sliding occurring or that has occurred in the site? NO 

Cause of Landslide:  

Has the area experienced any flooding during the wet 

season? 

 

Soil type of the 

area 

□ Clayey 

soil 

□ Sandy loam 

soil 

□ Sandy soil   □ Other soil types: 

Is there an access road going to the project site?  

If yes, what is its distance to the site _______km. 

 Type of access road:  

public road 

Does the site conform to the approved land use of the 

municipality? Yes 

 

Are there existing structures or developments around the project site? If yes, 

please list them  

Electricity 

Water 
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Project Activities Affecting the Physical 

Environment 

□ Yes □ No 

Cooling water cycle 

Waste input management  

Aches management 

Waste water management 

Are there any structures on the proposed site?  

Will there be demolition of existing structures?  

If yes, what types of structures will be demolished? Types of Structures:  

11. Is there a need to construct an access road going to the site?   NO    If Yes, what type of 

access road: 

[ ] all weathered road, length _____(m) width ____, [ ] concrete, [ ] asphalt 

 

B. Biological Environment □ Yes □ No 

Are there any trees and other types of vegetation in the project site? If 

yes, please identify.  

 NO 

Are there birds and other forms of wildlife found in the area? Please 

identify.  

 NO 

  

Is the site near or within a watershed or forest reservation area?   

If near, only, how near? ______1km_____  

If within, indicate name of the watershed or forest reservation area  

  

Are there any reserved forests or protected area within 1,000 m of the 

proposed site?  

 NO 

What is the present land use in the vicinity (roughly a radius of 500m) of the proposed 

site? 

Coastal/ Marine    Residential  Forest  Mangrove Grassland Agriculture   

 

Project Activities Affecting the Biological Environment Yes No 

Type of vegetation on site   

 1. Will there be vegetation clearing?   NO 

 2. Will clearing activities affect any critical wildlife habitats?    NO 

 3. Will clearing activities affect any rare, threatened or endangered 

plant and animal species?   

 NO 

4. Will there be trees to be affected (e.g. cut down; remove) during 

clearing? If yes, how many and what are these species of trees? 

 NO 
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Will the project cause an increase in traffic or disrupt traffic in major 

routes due to the entry and exit of construction equipment? 

YES  

Is the available domestic water supply enough to meet the maximum 

projected water consumption of the petrol station?   

 NO 

C. Socio-Economic Environment 

 1. Are there existing settlements in the proposed station? If yes, indicate the number of: 

(within 50m radius)        Yes 

Households/Families:3 families ___   

Project Activities Affecting the Socio-Cultural and Economic Environment Yes No 

Will the project cause or increase traffic in the areas?   Yes  

Are there existing transport services/facilities routing the areas?   yes  

Will the project cause an increase in traffic or disrupt traffic in major routes 

due to the entry and exit of construction equipment? 

yes  

Is there a prevailing water shortage or water supply problem in the area?    No 

Are there already existing commercial establishments within the vicinity of 

the project area? 

yes  

 

 

41.3.2   

41.3.3 Socio-Cultural and Economic Activities 

In Srar, that is a sanitary landfill, does not exist a social and cultural activities. 

41.3.4 Education and Literacy 

41.3.5 Environment, Archaeological Sites and Cultural Heritage 

41.3.6 Cultural Facilities 
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42 Description of the Project 

42.1 Location of the Project 

 

project site 
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Created by the  at  in collaboration with  of , Norway.980429 MB -  
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42.2 Type of Project (Size and Magnitude of the Project) 

In Srar 100 of 130 municipalities of Akkar put their waste. This is 400 t per day. It is planned to 

build a WtE facility. It is an industrial project  composed  in particular of an incinerator and a 

system of turbine plus generator to transform the heat of steam  to electricity. 

In the following picture we observe the details of the sanitary landfill in srar  
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42.3 Need of the Project & Project Objective 

To solve the both problems waste and shortage of electricity in Akkar. In Srar 100 of 130 

municipalities of Akkar put their waste. This is 400 t per day. 

42.4 Data Collection and Preparation of Maps 

During commissioning and operation emissions data shall be measured and collected. 

42.5 Methodologie 

After commissioning the plant shall be operated for 8 hours a day. During operation the exact 

waste volume per day needed to generate the power that will be known insha Allah. 

42.6 Description the of the installation 

The operation is planned for 16 hours a day. All waste of the partner municipalities of Srar waste 

facility is treated. The generated electricity shall be offered for public or in cooperation with 

Lebanese Governmental Electricity Company. 

• The plant has the possibility to eliminate about 400 (tons/day) of camp waste (depending 

on their type).  

• The plant includes a filtration system to fulfill the Lebanese and International 

requirements and norms concerning smoke emissions 
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42.6.1 Incineration remnant (Smoke and Ashes) are recycled. Waste water is treated. 

 Schema of kernel power plant (without waste input treatment and waste material output treatment) 
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42.6.2 The planned facility 

 

42.6.2.1 Power plant 15 MW 

integ121218.FCStd
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42.6.2.2  Turbine 15 MW 

 

42.6.2.3 Deaerator 

 

 

 

   

 

 

dearator031218.FCStd  
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42.6.2.4 Offer from alibaba :Deaerato 

•  
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•  

•  

•  
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42.6.2.5 Treatment’s system  

filtrage101218.FCStd
 

 

42.6.2.6 Boiler  

• 
boiler111218.FCStd
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42.6.3 Waste material cycle 

•  

42.6.4 Incinerator (Burning chamber) and filters 

 

• In Srar, the mass of waste that will be treating is 400 t/day. 
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42.7 Layout Specifications 

 مسارة الأرض المطلوبة •

 

 

30 m x 30 m = 900 m.square 

Mostly steel/stainless steel 
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42.7.1 Construction Equipment 

• Equipment is available at site. 

42.7.2 Construction of the sewage collection network 

 

 

 

42.7.2.1 Water discharges from the cleaning of exhaust gases 

• Incineration and co-incineration plants must have a permit which authorizes them to 

discharge used water caused by exhaust-gas clean-up. This permit will ensure that the 

emission limit values set out in Annex IV of the Directive we are complying with. 

•  

42.7.2.2 Residues 

• Incineration or co-incineration residues must be reduced to a minimum and, as far as 

possible, recycled. When dry residues are transported, precautions must be taken to 

prevent their dispersal in the environment. Tests must be carried out to establish the 

physical and chemical characteristics, and polluting potential, of residues. 
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•  Annex IV announce that the description of project part must include: 

•  

• (d) •   an estimate, by type and quantity, of expected residues and emissions 

(such as water, air, soil and 

•  subsoil pollution, noise, vibration, light, heat, radiation) and quantities 

and types of waste produced 

•  during the construction and operation phases. 

• Then we apply to this technique of treatment of water: 

42.7.2.3 THE INCINERATION AND COCOMBUSTION OF THE SLUDGE  

a. Sludge incineration Methods for thermal treatment of sewage sludge include: 

•  - combustion or monoincineration using multiplehearth furnace, fluidized bed, combined 

MHF-FBC, cyclone furnace, smelting furnace, rotary furnace; - co-combustion with coal in 

power plants, with coal in FBC power plants, with other fuels, with MSW; - alternative 

processes such as wet oxidation, pyrolysis, oil from sludge, fuel from sludge, gasification; 

An important argument in favour of combustion and co-combustion is complete mastery of 

the basics of processes, including purification techniques resulting products. 

• Simple incineration of sludge from wastewater treatment can only be used as a method of 

destroying them but without producing additional energy due to the lower heating value 

of sludge. A simple sludge incineration scheme is shown in Figure 1. The sludge with a 

solid content of about 1-4% is introduced into the mixing and homogenization tank. Next a 

thickening stage where sludge settles and the supernatant is removed. In this stage the 

solid content increases to 3-8%. Thickened sludge is then dewatered typically using plate or 

belt presses. Organic and inorganic additives introduced in this process increase the 

calorific value of the sludge and reduce the content of inorganic ash. The solid content 

varies from 18 to 35%. 

 

• A simple sludge incineration scheme. 1- sludge mixing tank; 2- belt press, plate press, 

centrifuge; 3- fluidised bed incinerator; 4- waste heat boiler; 5- electrostatic precipitator; 6- 
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wet scrubber; 7 - stack; 8 - inorganic incinerated sewage sludge ash. In the combustion 

chamber the sludge is burned with compressed combustion air introduced with a 

temperature of 500-600o C. Because fluidized sand layer an overhead freeboard zone at 

800–900o C is created. Water is evaporated, volatile metals vaporise and organic 

compounds are combusted completely to gases. The remaining inorganic material is 

carried out of the chamber as fine particulates with the exhaust gases. After assigns an 

important amount of heat in the waste heat boiler ash gases are cleaned in an electrostatic 

precipitator and crosses the wet scrubber. Remaining particles in the gas generates 

important quantities of scrubber sludge and then clean gases are discharged to the stack. 

42.8    Plan (Project Cost) 

• 60 t waste per day is needed for a 2 MW. 

• 480 t waste per day is needed to produce 8x2 MW = 16 MW. 

• There are two possibilities: 

• - 8 blocks of NLAP-2MW devices. 

• - 1 block of 15 MW plant; Installation Cost: 7 Mio. $ 

•  

•  

•  
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NLAP 1.5 MW Mobile Incineration Plant, total installation costs

Part

Number of 

pieces Total Supplier

Steam filter 1 1.000,00$             

Condensor 1 35.000,00$          

condensor cooling 1 1.500,00$             

tubes (Stainless) 10m 1 inch 45.000,00$          

Generator 1 32.500,00$          

Jamal&Chaban,

Omar M. 

Mohamad

diesel burner including fuel 

feed 1 2.000,00$             

safety valve 15 bar 1 1.000,00$             

pressure sensors 5 15.000,00$          

fresh water tank (stainless) 1 2.000,00$             

incineration burning chamber 

(including transportation 

band)&vaporizer (climbing 

tubes…) 1 200.000,00$        

fume purification

(incl. filter for CO, SO2, NH3) 1 50.000,00$          Costs All in all

Turbine 1.5 MW 1 857.500,00$        $1.555.500

Hardware Control System 

(Including Instrumentation) 25.000,00$          

x 1.3 (with 

overhead)

Water antioxidant system 3.000,00$             $2.022.150

Sorting House 15.000,00$          

mobile platform 30.000,00$          

Total Material $1.315.500

Task MM Qualifikation Salary/MM Total Salary

Integration with Test Vaporizer

Integration with Incineration Vap. 30 Eng. $3.000 $90.000

Integration 

Turbine Electrics 7 Eng. $3.000 $21.000

Integration Process

Control system 5 Eng. $3.000 $15.000

Control System 18 Eng. $3.000 $54.000

Project Management 20 Eng. $3.000 $60.000

Total Man Power Costs 80 $240.000

Material Costs (including workers for manufatoring)

Engineering Staff Costs
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42.9 Infrastructure Services (Proposed Infrastructure/Utilities and layout) 

42.9.1 Environmental Aspects 

• Not relevant because of filters and internal heavy metal recovery plant. 

42.9.2 Power Supply 

• No external power supply needed 

42.9.3 Water Supply 

• 2000 t/ day cooling water, to be taken from local water supply pipe.  

• Alternative: Cooling tower. 

42.9.4 Sewerage Services 

• 1 time per week about 2 tons solid waste remnant has to be taken to final destination. 

42.9.5 Solid and Liquid Waste Management 

• Heavy Metals recovering plant under development and construction 

42.9.6 Proposed Wastewater Treatment Plant 

• tbd 
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43 Screening for with Ministry of Environment 

43.1 Screening application for the installation of a power plant unit in Srar in north 
Lebanon 

 : نموذج التصنيف لتقييم الأثر البيئي4ملحق رقم  3.7777

•  

 محطة طاقة لتوليد الطتقة الكهربائيية عن طري  التاكك الحراري للنااات اسم المشروع: .1

•  

 صارب المشروع: .2

 :سمير مرادالاسم 

 :البترون-راسنحاشالعنوان 

 :76341526رقم الهاتف  :رقم الااكس 

  البريد
الإلكتروني:

smourad69googlemail.com 

•  

•  

 صنف المشروع: .3

 عام   :زراعي 

 خاص   مع تحديد رقم( صناعيICIS:) 

   :)سياري )مع التحديد 

•   :)خدماتي )مع التحديد 

•   :غيره 

•  

 طبيعة المشروع: •

 يدمشروع جد  مشروع قائيم أو رائيز على ترخيص أو مواف  عليه 

•   تعديل 

•    إضافة 
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•   توسيع 

•   إعادة تأهيل 

•   إقاال 

•  

 التخلص من النااات  و توليد الطاقة الكهربائيية :أهداف المشروع .4

 الكلاة المقدرة للمشروع: .5

 6مليون دولار 16:إنشاء 

 :تجهيز 

 البرنامج الزمني للمشروع: .6

 اشهر 6 •

 النهاية • البداية •  •

   التخطيط والتصميم •

   الإنشاء •

   التشغيل •

 )مرفقة( 1/20,000مقياس  –خريطة تبين موقع المشروع 7

 إفادة عقارية خريطة مساحة مع .1

 إفادة ارتفاق وتخطيط  والشروط الخاصة للمنطقة .2

 (GPS coordinates) الاحداثيات الجغرافية للعقار .3

 . مستندا  أخرى مرفقة )تصميم المشروع ووصف المشروع وتااصيل أكثر  .4
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43.1.2 Project Information  

1. Project Name:power plant incineration  

2. Project Owner:  

3. Land Ownership:  

4. Full Address:  

5. Phone:  

6. Fax:  

7. Email address:  

8. Lot number:  

9. Petroleum brand: usual 

10. Project Cost:  

11. Operation:  

12. One shift per day?  

13. Any days for maintenance: 1 

14. Working days: 7 

15. Man power operating the process: 

• Position • No. Required 

• Manager  •  

• Total •  

 

16. The number of vehicles arriving the site: 2 / week 

17. Type of equipment  

18. Population size of village: ca 

19.  Proximity to Waste Generation Center 

20. Proximity to Energy Distribution Networks 

21. Project Category 

22. General Land  Classification 

 

□ Agricultural   □ Residential       □ Tourism 

□ Industrial   □ Forest Land     □ Institutional 

□ Commercial   □ Open Spaces  □ Others, Pls. Specify: 

•  

23. Project Components   

• Services      

• Facility • No. of 

Unit  

• Area (m2) • Capacity 

• Access? Originating from? 

To? 

•  
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• Area of the incineration •  •  •  

• Total area of the site •  •  •  

• Shape of the site (Length, 

width) 

•  •  •  

• Maximum height of 

infrastructure 

•  •  •  

• Type of incineration •  •  •  

• Furnace •  •  •  

• Type of Byproducts •  •  •  

• Ash and clinker removal 

system 

•  •  •  

• Energy recovery system •  •  •  

• Air pollution control (APC) 

system 

•  •  •  

• Stack height •  •  •  

• Any produced Leachate? •  •  •  

• Source and Composition of 

municipal wastes to be 

incinerated 

•  •  •  

• Fuel Storage Area •  •  •  

• Parking Area  •  •  •  

• Office Bldg.  •  •  •  

• Public Toilets    

• Others, Pls. Specify      

• Logistics and Principles of Sampling and Analysis of Waste Data 

• Design and Layout of the Mass Burning Incineration System 

•  
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24. Water Resources and Infrastructure   

• Water Supply 

Source 

•  •  • Remarks 

• Existing Public 

Water 

•  •  •  

• Estimated daily water requirements of the proposed incineration?  

•  

• Deep Well (Underground tanks) 

• Water 

Source 

•  No. 

Wells/H

and 

Pump/T

anks  

• Location  
• Depth 

(m)  

• Discharge  

• (liter / sec)  

• Deep 

Well w/ 

Manual 

Hand 

Pump 

•  •  •  •  

• Deep 

Well w/ 

Electric 

or Motor 

Pump 

•  •  •  •  

•  

• Stormwater Management System (collector pipe, where to?, site drain) Drainage System  

□ Rainwater will be collected in storage tank  

□ Rainwater will be collected in Reservoir 

□ Rainwater will be collected in collector pipe, where to?  

□ Rainwater will be connected to public drainage system          

□ Rainwater will be connected to natural outfall / water body 

•  
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• Drainage System  

•  Type of drainage:  

a) Major Road:   

b) Other road (street):   

•  

• Is there any surface water body (river, canal, stream, lake, wetland ) within 1,000m of the 

proposed site?  

□ Yes □ No  

• If yes, describe each surface water body close to site 

• Water Source • Name of 

Water Body  
• Location  

• Distance 

•  1. Creek  •  •  •  

•  2. Spring  •  •  •  

•  3. Stream  •  •  •  

•  4. River  •  •  •  

•  5. Others  •  •  •  

•  

25. Power Supply (Source of Power) 

□ Local Electric    

□  Own Generator:  

□  Others, pls. specify   

•  

26. Wastewater (Sewage) Disposal System  

• Sewage System: 

□ Individual Septic Tank            □ Communal Septic Tank 

•   

• Sewage Design:   

□ 2 chamber septic tank with leaching □ 2 chamber septic tank without leaching 

□ 3 chamber septic tank w/ leaching X □ 3-chamber septic tank w/o leaching  

□ On site wastewater treatment plant, pls. specify 

•  
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•  

• Sewage Disposal  

• discharge to an existing public sewerage system   

• Treatment in individual septic tanks with disposal by absorption field or leaching pit  

•  Others: (Specify)_________________________________  

•  

• Wastewater Treatment Facility:  

• Attach Flowchart on liquid waste management  

• Attach lay-out / detailed plan  

• Liquid waste facility-main component  

• Wastewater treatment facilities (which one? Name is needed)  

•  

27. Solid Waste Disposal System  

• Bottom ash 

• Bly ash  

• Others, (specify):  

• Will there be a waste sorting/segregation system to be employed prior to incineration?   

•  YES    NO  

• Disposal System  

• Burning at open dumpsite in the project site  

• Open dumpsite outside of the project site       (where?)  

• Others, specify:________________________  

• Location of the waste disposal site:  
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44 Environmental factors affected 

 The environmental impact assessment shall identify, describe, and assess in an appropriate 

manner, in the light of each individual case, the direct and indirect significant effects of a 

project on the following factors: 

 population and human health (such as health effects caused by the release of toxic substances to the 

environment, health risks arising from major hazards associated with the Project, effects caused by 

changes in disease vectors caused by the Project, changes in living conditions, effects on vulnerable 

groups, exposure to traffic noise or air) 

 biodiversity, with particular attention to species and habitats protected under Directive 92/43/EEC 

and Directive 2009/147/EC; 

land, soil, water, air and climate; 

material assets, cultural heritage and the landscape 

the interaction between the factors referred to in points (a) to (d). 

 

• A description of the factors specified in Article 3(1) likely to be significantly affected by the project: 

population, human health, biodiversity (for example fauna and flora), land (for example land take), 

soil (for example organic matter, erosion, compaction, sealing), water (for example hydro- 

morphological changes, quantity and quality), air, climate (for example greenhouse gas emissions, 

impacts relevant to adaptation), material assets, cultural heritage, including architectural and 

archaeological aspects, and landscape. 

• 5

. 

- A description of the likely significant effects of the project on the environment resulting from, inter alia: 

 a -  the construction and existence of the project, including, where relevant, demolition works; 

 b  -  the use of natural resources, in particular land, soil, water and biodiversity, considering 

as far as possible the sustainable availability of these resources; 

 c - the emission of pollutants, noise, vibration, light, heat and radiation, the creation of 

nuisances, and the disposal and recovery of waste; 

 d - the risks to human health, cultural heritage or the environment (for example due to 

accidents or disasters); 

 e - the accumulation of effects with other existing and/or approved projects, taking into 

account any existing environmental problems relating to areas of particular 

environmental importance likely to be affected or the use of natural resources; 

 f - the impact of the project on climate (for example the nature and magnitude of 

greenhouse gas emissions) and the vulnerability of the project to climate change; 

 g - the technologies and the substances used. 

The description of the likely significant effects on the factors specified in Article 3(1) should cover the 

direct effects and any indirect, secondary, cumulative, trans boundary, short-term, medium-term and 

long-term, permanent and temporary, positive and negative effects of the project. This description should 

take into account the environmental protection objectives established at Union or Member State level 

which are relevant to the project. 
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45  Significant Effects on the environment 

45.1 The concept of significance 

•  The concept of significance considers whether or not a Project’s impact could be 

determined to be unacceptable in its environmental and social contexts. The assessment of 

significance relies onهnformed, expert judgment about what is important, desirable 
acceptable with regards to changes triggered by the Project in question. common approach 

used in EIA is the application of a multi-criteria analysis. Common criteria used to evaluate 

significance include the magnitude of the predicted effect and the sensitivity of the 

receiving environment: 

• _ Magnitude considers the characteristics of the change (timing, scale, size, and duration of 

the impact) which would probably affect the target receptor as a result of the proposed 

Project; 

• _ Sensitivity is understood as the sensitivity of the environmental receptor to change, 

including its capacity to accommodate the changes the Projects may bring about. 

45.2 Cumulative effects 

• It is important to consider effects not in isolation, but together; that is, cumulatively. They 

can arise from: 

•  the interaction between all of the different Projects in the same area; 

•  the interaction between the various impacts within a single Project 

45.3 Example of significant effects 

• A description of the likely significant effects of the project on the environment resulting 

from, inter alia: 

(a) the construction and existence of the project, including, where relevant, demolition works; 

(b) the use of natural resources, in particular land, soil, water and biodiversity, considering as far as 

possible the sustainable availability of these resources; 

(c) the emission of pollutants, noise, vibration, light, heat and radiation, the creation of nuisances, and 

the disposal and recovery of waste; 

(d) the risks to human health, cultural heritage or the environment (for example due to accidents or 

disasters); 

(e) the accumulation of effects with other existing and/or approved projects, taking into account any 

existing environmental problems relating to areas of particular environmental importance likely to be 

affected or the use of natural resources; 
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(f) the impact of the project on climate (for example the nature and magnitude of greenhouse gas 

emissions) and the vulnerability of the project to climate change; 

(g) the technologies and the substances used. 

• The description of the likely significant effects on the factors specified in Article 3(1) should 

cover the direct effects and any indirect, secondary, cumulative, trans-boundary, short-

term, medium-term and long-term, permanent and temporary, positive and negative 

effects of the project. This description should take into account the environmental 

protection objectives established at Union or Member State level which are relevant to the 

project. 



Assessment of Alternatives 

345 

46 Assessment of Alternatives 

Identifying and considering Alternatives can provide a concrete opportunity to adjust the project 

design in order to minimize environmental impacts and, thus, to minimize the project’s significant 

effects on the environment. Additionally, the proper identification and consideration of 

alternatives 

from the outset can reduce unnecessary delays in the EIA process, the adoption of the EIA 

decision,  

or the implementation of the Project that mentioned in Annex IV point 2. 

A description of the reasonable alternatives, those alternatives studied by the developer, which are 

relevant to the proposed project and its specific characteristics. Annex IV to the Directive gives 

some examples of the types of Alternatives to be considered and which include: 

 project design,  

 technology, 

 location,  

 size , 

 scale, 

 the main reasons for selecting the chosen option, 

 including a comparison of the environmental effects.  

• This list serves as inspiration for a multitude of other Alternatives. These roughly relate to the 

• categories above. Some such Alternatives are listed below: 

• _ the nature of Project; 

• _ time frames for construction ; 

• _ process by which the Project is constructed; 

• _ equipment used either in the construction or running of the Project; 

• _ site layout (e.g. location of buildings, waste disposal, access roads); 

• _ operating conditions (e.g. working schedule, timing of emissions); 

• _ physical appearance and design of buildings, including the materials to be used; 

• _ means of access, including principal mode of transport to be used to gain access to the Project. 

• In our case, we have 2 options to build this plant:: 

 - 8 Blocks of NLAP-2MW devices. 

 1 block of 15 MW plant. 
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47 Mitigation or Compensation Measures 

• Annex IV point 7 states that: 

• ‘A description of the measures envisaged to avoid, prevent, reduce, or if possible, offset 

any identified significant adverse effects on the environment and, where appropriate, of 

any proposed monitoring arrangements (for example the preparing of a post-project 

analysis). That description should explain the extent, to which significant adverse effects on 

the environment are avoided, prevented, reduced or offset, and should cover by the 

construction and operational phases.’ 

• Type of measure • How it works 

• Measures to prevent • Impact avoidance by: 

• Changing means or techniques, not undertaking certain 

Projects or 

• components that could result in adverse impacts. 

• changing the site, avoiding areas that are 

environmentally 

• sensitive. 

• putting in place preventative measures to stop adverse 

effects from occurring 

• Measures to reduce • Impact minimization by: 

• Scaling down or relocating the Project. 

• Redesign elements of the Project. 

• Using a different technology. 

• Taking supplementary measures to reduce the impacts 

either at the 

• source or at the receptor (such as noise barriers, waste gas 

treatment, type of road surface). 

• Measures to offset • Offset or compensate for residual adverse impacts that 

cannot be avoided or further reduced in one area with 

improvements elsewhere with: 

• Site remediation / rehabilitation / restoration. 

• Resettlement-Monetary compensation 
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47.1 Mitigation and Compensation Measures: In a nutshell 

• Mitigation and Compensation Measures should be considered when assessing Alternatives, 

both with a view to strengthening the feasibility of Projects, and to improving the Project’s 

design. 

• Both Mitigation and Compensation Measures may be costly, and may influence the choice 

of Alternatives 

• Mitigation and Compensation Measures may apply to both the construction and 

operational phases of the Project. 

• A description of Mitigation and Compensation Measures for significant adverse effects 

must be incorporated in the decision to grant Development Consent for a Project (see 

section 3.2. decisions-making: Reasoned Conclusion and Development Consent’ of this 

Guidance Document). 
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48 Monitoring 

Article 8a also states: 

•  In accordance with the requirements referred to in paragraph 1(b), Member States shall 

ensure that the features of the project and/or measures envisaged to avoid, prevent or 

reduce and, if possible, offset significant adverse effects on the environment are 

implemented by the developer, and shall determine the procedures regarding the 

monitoring of significant adverse effects on the environment. The type of parameters to be 

monitored and the duration of the monitoring shall be proportionate to the nature, location 

and size of the project and the significance of its effects on the environment. Existing 

monitoring arrangements resulting from Union legislation other than this Directive and 

from national legislation may be used if appropriate, with a view to avoiding duplication of 

monitoring. 

• Monitoring Measures for Projects with significant adverse effects must be incorporated in 

the decision to grant Development Consent for a Project and, as such, should generally be 

included in the EIA Report. Monitoring Measures may be linked to other legal 

requirements, such as those stemming from the IED, WFD or the Habitats Directive. Care 

must be taken to avoid duplication in Monitoring Measures in this regard. Requirements 

on Monitoring Measures were added to the EIA Directive as part of the 2014 amendments 

(Article 8a and Annex IV). 

 Generally, Monitoring Measures can help to ensure that Projects meet all existing environmental 

legal requirements, and that impacts are in line with EIA Report Projections. They should also 

ensure that any Mitigation or Compensation Measures for expected significant effects are carried out 

as planned. 

  Monitoring Measures can also provide insight into the quality of the EIA procedure carried out, and 

can generate lessons learned and good practices for future EIAs. 

 Practitioners should first check which Monitoring Measures are required by other legislation. If these 

are not sufficient or appropriate for monitoring the expected environmental impacts or proposed 

Mitigation Measures, then additional measures may be proposed within the EIA Report. Monitoring 

Measures should always strive to be proportionate to the nature of the environmental impacts in 

terms of the time, costs, and other resources involved. 

• Monitoring Measures should be specific and detailed enough to ensure their 

implementation, including defining roles, responsibilities, and resources. In some cases, 
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economies of scale can be achieved through the joint monitoring of related Projects. 

Measures should also be capable of identifying important unforeseen effects. 
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49 Non-Technical Summary 

49.1 The qualities of a good Non-Technical Summary 

•  The Non-Technical Summary is easily identifiable and is accessible within the EIA Report; 

•  The Non-Technical Summary provides a concise, but comprehensive description of the 

Project, its environment, the effects of the Project on the environment, the proposed 

Mitigation Measures, and the proposed monitoring arrangements; 

•  The Non-Technical Summary highlights any significant uncertainties about the Project and 

its environmental effects; 

•  The Non-Technical Summary explains the Development Consent process for the Project 

and the role of the EIA in that process; 

•  The Non-Technical Summary provides an overview of the approach to the assessment; 

•  The Non-Technical Summary is written in non-technical language, avoiding technical 

terms, detailed data and scientific discussion; 

•  The Non-Technical Summary is comprehensible to a lay member of the public. 
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50 Quality of the EIA Report 

50.1 The qualities of a good EIA Report 

• A clear structure with a logical sequence that describes, for example, existing Baseline 

conditions, predicted impacts (nature, extent and magnitude), scope for mitigation, proposed 

Mitigation/Compensation Measures, significance of unavoidable/residual impacts for each 

environmental factor; 

•  A table of contents at the beginning of the document; 

•  A description of the Development Consent procedure and how EIA fits within it; 

•  Reads as a single document with appropriate cross-referencing; 

•  Is concise, comprehensive and objective; 

•  Is written in an impartial manner without bias; 

•  Includes a full description and comparison of the Alternatives studied; 

•  Makes effective use of diagrams, illustrations, photographs and other graphics to support the 

text; 

•  Uses consistent terminology with a glossary; 

•  References all information sources used; 

•  Has a clear explanation of complex issues; 

•  Contains a good description of the methods used for the studies of each environmental factor; 

•  Covers each environmental factor in a way which is proportionate to its importance; 

• Provides evidence of effective consultations (if some consultations have already taken place) 

•  Provides basis for effective consultations to come; 

•  Makes a commitment to mitigation (with a programme) and to monitoring; 

•  Contains a Non-Technical Summary which does not contain technical jargon; 

•  Contains, where relevant, a reference list detailing the sources used for the description and 

assessments included in the report.annex 
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51 Annex  

51.1 Appendix A: Projects listed in Annex I of Directtive 97/11/EC 
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51.2 Appendix B: Projects listed in Annex II of Directtive 97/11/EC 
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51.3  Appendix C: Projects listed in Annex IV of Directtive 97/11/EC 
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51.4 Appendix D: Projects listed in Annex IV of Directtive 97/11/EC 
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52 Meeting Organization 

52.1 Request 
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53 Speeches 

53.1 Opening Speech 

 13.3.2019طرابلس 

ذي تتم بنعمته الصالحا ، والحمد لله الذي هدى إلى هذا العمل بلطاه وأعان على الحمد لله ال
 إنجازه بكرمه ومعروفه. والصلاة والسلام على المبعوث رحمة للعالمين نبينا محمد وعلى صحبه أجمعين.

 رضرة رئييس بلدية طرابلس احمد قمر الدين

 رضرة رئييس غرفة التمارة والصناعة د. توفي  الدبوسي

 رة العميد كرم مرادرض

 رضرة رؤساء اتحادا  بلدات  الشمال ورؤساء البلدات 

 رضرا  الدكاترة الأفاضل، ممثلي الجامعا  اللبنانية

 

الضيوف والزملاء الكرام، الاخوة والاخوات، الذين نتشرف بوجودهم جميعا معنا اليوم  رضرا 
  : في هذا اللقاء الهام

لمؤسسة طاقة الشمال ان أرحب و  AECENAR يسرني، غاية السرور،كرئيس لجمعية
  بكم جميعا فأهلا وسهلاً بكم.
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53.2 Presentation 
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54 Conference Report 

 (Conference at Chamber of Commerce, Industry & Agriculture of Tripoli & North Lebanon, 

13.03.2019, 16.30-18.30) 

 

Presentation Eng. Ziad Malak (as pdf) 

Report: 

ثل العميد كرم مراد رئييس والعقيد عميد حمود والنقيب محمد عوض مم حجضور رئييس بلدية طرابلس السيد أحمد قمر الدين
وعدد  واختصاصيين بيئيين، وعدد من الاساتذة الجامعيين من مختلف الجامعا  في الشمال، فرع المخابرا  في الشمال
 وفعاليا  اجتماعية وسياسية. من الطلاب الجامعيين،

 والزراعة في طرابلس. تم اطلا  مبادرتنا "نوّر البلد بمعالجة النااات " يوم أمس في غرفة التمارة والصناعة

http://aecenar.com/index.php/downloads/send/5-nlap/472-presentation-nlap-for-tripoli-cciat-13-03-2019
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بدأ الكلام مدير شركة طاقة الشمال المهندس الدكتور سمير مراد مرربا بالحضور طارراً اشكالية الأزمة المزدوجة التي تعاني 
منها طرابلس وسائير مدن وقرى لبنان "غر  في النااات  وعمز في الكهرباء"، ثم قدم المهندس زاتد ملك عرضاً ماصلًا 

طاقة التي تستخدم النااات  كوقود لإنتاج الطاقة الكهربائيية الموجودة راليا في رأس مسقا، شارراً أبعاد لنموذج محطة ال
 المشروع ومبيناً قيمته المادية والبيئية وفعاليته ومساهمته مع الأفكار والمشاريع المقتررة بإنقاذ طرابلس من أزمتها.

 وقد تخلل العرض مداخلا  واستاسارا  الحاضرين .
 رك الله بمن رضر وناع الله بنا وبكم.با

  

 

Dr. Eng. Samir Mourad (CEO NLAP) 

  

 

Eng.Ziad Malak (COO NLAP) 
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Ziad Malak (left), 

Mr. Ahmad Kamareddine, Major of Tripoli 

 

 

  

54.1 Comments 

 

 2019. 03. 15الزمان: الجمعة 

 المكان: مركز الشركة في راسمسقا

د. سمير مراد، المهندس زاتد ملك، الآنسة ميساء قمر الدين، الآنسة مريم عبد الكريم، السيدة رلى مراد، الآنسة  الحضور:
 سهام عيشة، الآنسة آسيا مراد

 وكانت الآراء على الشكل التالي:

 ـ الآنسة ميساء: نجح المؤتمر بكونه منبراً لطرح المشروع وشرره للرأي العام

العام السائيد ضد فكرة المحار  قد يحملنا إلى تغيير المشروع بالكامل أو التخلي عن فكرته إلى  ـ الآنسة سهام: الرأي
 تقنيا  أخرى ـ التنظيم كان جيداً 

ـ السيدة رلى: ـ كانت الإجابةالعلمية على بعض التساؤلا  غير كافية أو مقنعة ـ الحضور كان متنوعاً وهذا دليل إيجابي 
تمع مع هذه الإشكالية وطر  رلهاـ ـ عدم تقبل الجمهور لاكرة تسليم المنشةة للدولة تحملنا على تااعل شتى شرائيح المج

 إلى تعديل هذا الطرح.
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ـ الدكتور سمير: أشاد بالمحاضرة العلمية ونبه إلى أن فكرة عدم إقصاء الحلول والطر  الأخرى في معالجة النااات  قرَّبت  
 و التعاون والتااهم.كثيراً وجها  النظر وأسهمت في إرساء ج

 % وذلك للأسباب التالية:60ـ المهندس زاتد: نسبة نجاح المؤتمر رآها 

 ـ توزيع الدعوا  الشخصية لم يتُابع كما يجب

 ـ الحضور كان موزعاً كالآتي: سياسيين: لم يكن هناك رضور بإستثناء رئييس بلدية طرابلس

 رضورهم ضعيااً ذوي الإختصاص: كان                               

 الشباب : رضور قوي وهذا يحمل على التااؤل                           

 مؤتمرا  أخرى مما شتت الحضور 3ـ التوقيت : الزماني: إذ تزامن مع انعقاد 

ارصة مدة المحاضرة لم تكن مدروسة تماماً مما أدى إلى عدم التوفي  في رسم برنامج المؤتمر خصوصاً فيما يتعل  ب      
 الصلاة، إذ إنسحب أكثر المدعوين بعد الإسترارة

 ـ تجهيز القاعة: ـ الصوتيا  كانت رديئة 

 ـ عدد الكراسي لم يكن رسب الإتاا                

 ـ الأماكن الأمامية لم  تكن محموزة للمدعوين الأساسيين            

 لية: ـ الهدف من المؤتمر: ما لم يتم: ـ القيام بالتوصيا  التا

 ـ لجنة مراقبة لأعمال المحار  ولكل المشاريع البديلة الأخرى.             

 ـ العمل على تبديد المخاوف الشائيعة رول عملية التاكك الحراري.             

ــ ــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ـــ ــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ ــ ـــ ــ ـــ ــ ــ ـــ ــ  ـ

 دروس وعبر

 قرر المجتمعون الإستاادة من الأخطاء الحاصلة في سبيل تصويب العمل مستقبلًا وتم تسمية النقاط التالية:

 ـ المتابعة الإعلامية على وسائيل التواصل الإجتماعي كي يبقى المشروع رياً على السارة.

 مية التي من شةنها تصحيح المااهيم الخاطئة رول الآثار البيئية للمشروع.ـ إصدار النشرا  العل
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 ـ تشكيل لجان للمتابعة من الرأي العام وذوي الإختصاص.

 ـ إعتماد آلية عمل شاافة فيما يتعل  بالإنبعاثا .

 ـ إرسال رسائيل شكر للحاضرين، خاصة وعامة.

بشكل أوسع بين الحاضرين ليتمكنوا من التعرف عليه ولتسهيل طرح ـ فري  العمل الخاص بالشركة يجب ان يكون منتشراً 
 الأسئلة ومناقشتها.

 BIAT - TICـ الإستاادة من دورا  في الإدارة والتنظيم تقيمها بعض الجمعيا  مثل 

 ـ الإتقان في العمل الاردي والجماعي.

 

 والله ولي التوفي 

54.2 Attendees 

 تيميقا  كريم سنة 50 مهندس طاقة 71202833

مهندس ميكانيك ـ رئييس  03188541
 بلدية ررار

 محمد هزيم سنة 65

مهندس زراعي ـ المستشار  70972927
 البيئي لبلدية طرابلس

 عبد الغني الأيوبي سنة 80

 محمد القيسي سنة 56 مهندس ميكانيك 70117873

 نظيرة صافي ملك سنة 64 اجازة في اللغة الإنكليزية  70434138

 سناء صافي غنام سنة 66 زة في الراتضيا إجا 71709199

 محمد مصطاى برغل سنة 45 مهندس 03180144

 عبد الحميد كريمة سنة 36 صيدلي 03809480

 نغم محمد السيد سنة 17 طالبة 78989197

 سناء محمد عزام سنة 17 طالبة 71650285

 زهية محمود السيد سنة18 طالبة 03915524
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 يمان عاصم لواتنيإ سنة 16 طالبة 70008185

 سيل خليل موعد سنة 16 طالبة 03947343

 هديل جمال قاسم سنة 16 طالبة 70367300

 فاطمة محمد وهبة  سنة 17 طالبة 71901762

 مريم علي موعد سنة 17 طالبة 70907662

 نور الهدى علي الحاج سنة 17 طالبة 76421151

مهندس داخليى وادارة  76467682
 اعيةاقتصادية واجتم

 وفا الرز سنة 28

 أحمد الحج أسعد سنة 17 طالب 03035456

 ربيع غنيم سنة 17 طالب 03569319
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Proposal Maschha BOT 
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الشمال طاقة شركة عن نبذة 55  Preface 

بالتزامن مع اشتداد أزمة النفايات المتنقلة بين المناطق اللبنانية والقلق الدائم من استحداث مطامر العوادم التي 
تشكل عشرين الى ثلاثين في المئة من النفايات،تطرح شركة طاقة الشمال بالتعاون مع عدد من الخبراء 

 .ة لمعالجة النفاياتوالاختصاصيين حلولا علمي

 

المسجّل في ألمانيا ولبنان .  AECENAR & LSA   طاقة الشمال هي شركة منبثقة عن مركز الابحاث
يتعامل هذا المركز مع الجامعات المحلية والخارجية بحيث تبصر النور المشاريع الطلّابية وتصبح جاهزة 

  .للتسويق ؛وبالتالي نشأ مشروعنا من هذا المركز

 

 :Vision            رؤيتنا
No waste problem anymore in Middle East, supply of electricity 24/24 hours for all in Middle East, 

giving the youth in the region an opportunity of work. 

 

  Missionرسالتنا
To provide municipalities and customers in North Lebanon and in the region with power plants at 

low cost to solve their waste and electricity problems. 
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56 Introduction 

NLAP_2MWPP is a waste to energy mobile power plant that works on INCINERATION 

technology. It is a waste treatment technology that involves burning commercial, residential and 

hazardous waste. Incineration converts discarded materials, including paper, plastics and food 

scraps into bottom ash, fly ash, combustion gases, air pollutants, wastewater, wastewater 

treatment sludge and heat. See figure1 below: 

 

 

Figure 42:typical WTE diagram 

 

Waste to Energy (WtE) is now an available and well-known procedure to treat a very wide range 

of waste. The WtE sector has undergone a rapid technological development over the last 10 to 15 

years. This change has been driven in order to control industries’ policies, and in particular, 

imposing limits on pollutants produced by individual installation. A continual process 

development is ongoing: at the moment, the sector is exploiting techniques which aim to limit 

costs and to improve environmental performance. The intention of waste incineration is to treat 

wastes so as to reduce their volume and hazard, destroying potentially harmful substances that 

are, or may be, released during incineration. Incineration processes allow not only recovering 

energy, but also mineral and/or chemical content from waste. Basically, waste incineration is the 

oxidation of the combustible materials contained in the waste. Waste is generally a highly 

heterogeneous material, consisting essentially of organic substances, minerals, metals and water. 

The incineration produces flue-gases whose energy is in the form of heat. The organic fuel 

substances in the waste burns once the necessary ignition temperature is reached and there is 

enough oxygen. In this condition the combustion process takes place.  

Referring to 2011, among the 27 European Member States (MS), the amount of Municipal Solid 

Waste (MSW) suitable for thermal waste treatment is approximately 253 million tons. The scale of 

use of incineration as a waste management technique (i.e. percent of solid waste treated via 
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incineration) varies significantly from place to place ranging from zero to 65%. The average value 

in the same year was approximately 20 %. The target of thermal treatment is to provide an overall 

environmental impact reduction that might arise from the waste. WtE usually includes a complex 

set of interacting technical components which, when considered together, effect an overall 

treatment of the waste. Each of these components has a slightly different main purpose, the main 

ones as below:  

• volume reduction of residues and destruction of organic substances 

 • evaporation of water to recover energy 

 • evaporation of volatile heavy metals and inorganic salts 

 • production of potentially exploitable slag 

 • removal and concentration of volatile heavy metals and inorganic matter into solid residues 

According to the New York Times, modern incineration plants are so clean that "many times more 

dioxin is now released from home fireplaces and backyard barbecues than from incineration. "[13] 

According to the German Environmental Ministry, "because of stringent regulations, waste 

incineration plants are no longer significant in terms of emissions of dioxins, dust, and heavy 

metals". 
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57 Purpose 

The purpose of this dpocument is to provide high level description of the Compact Mobile Waste 

to Energy power plant proposed for Meshaa Municipality 

As per Munciplaity feedback, it is estimated to have 8-10 tons daily 
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58 Scope of Work 

 

 

The project can be classified into 5 different phases/stages as follows: 

 Site Preparation 

 Waste Management 

 Incineration +Boiler+Filter system 

 Output (Ashes) Management/supplementary services 

 Process control system PCS 
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58.1 Site preparation 

 

The project needs a land surface show in the figure below:  

 

Figure 43:land surface diagram 

 

The municipality needs to provide the above land to install the power plant. Border concrete wall 

is build surrounding the plant where proper security is required 
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58.2 Waste Management 

A sorting room to  eliminate glass,metals and batteries  from   other waste that will be incinerate.it 

is important to sorte the waste to be sure the efficiency is  suitable  to generate  thermal power. 

 

Figure 44: net calorific value of waste 

As per the above waste categtroy classification, we need to isolate Glass as well as Metals from 

waste collection area 

The separation area consists of the following componenets: 

1.storage area and belt conveyor 

2.shredder  

3.air filter to remove stench  

4.magnetic sorting 

5.carry ferrous material to recycling  

6.belt conveyor . 

Firstly we need to separate the waste before the incineration if the waste isn’t separated, the best 

case is the separation from the source, and we have two type of this case: 

i. Individual separation: the waste must be separated in two containers one for the waste like (plastics, 

glass, papers, metals), and the other for the organic waste. This type is simple and possible to 

achieve it for everyone. It is estimated that we need 3-4 persons per 10 Ton to separate 

ii. Multi separation: in this case each type of waste must be separated into a container, so we need a 

container for the paper, and other one for the plastics, etc… this type is difficult to achieve it need 

consciousness and great response from the citizens and need several containers… 

The waste must be bringing into a storage region, have autonomy of 2 days, 200 m³ of waste, and 

the deep of the storage is 1.5 m, so the land surface needed is approximately 12*10 meters = 120 𝑚2 
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Critical substances should not be burned so as not to produce toxic smoke requiring costly 

treatment, like PVC and batteries. 

The figures below describe the process of sorting  

1.Storage and belt Conveyor 

 

 

2.Shredder (machine how cut the waste) 

 

 

3.Air filter remover 
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4.Iron separation system using the magnetic power(magnetic sorting) 

5.carry ferrous material to recycling  

6.belt conveyor 

 

 

 

Then,the waste is ready to enter to the furnace room. 

 

58.3 Power plant of waste incineration 
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58.3.1 The already built kernel power plant (mobile plant NLAP-IPP) 

 

 

 

58.4 System of Filtration 

The comparaison  of emissions(depending on their size and the degree of severity) can be 

described as this form : 

-Non-harmful to the environment: Nitrogen (N₂), Oxygen (O₂), and water vapor (H₂O) 

-harmful to the environment: Acid gases: nitrogen dioxide (NO₂), nitrogen oxide (NO), Sulfur 

dioxide (SO₂), carbon dioxide (CO₂),HCl, Dust. 

-Toxic gases: Furans, dioxins, heavy metals (Hg from batteries, cadmium, plumb, zinc). 

Then we should treat the fumes before chimney as this following process  

-Injection of NH₃: treatment of nitrogen oxide. The reactions realized at temperature between 850 

and 1000 ° C, with higher reaction rates and lower in this range. This special reaction takes place: 

- 1: directly by injection in boiler (exit of fumes) at a temperature between 850 and 1000°C. It’s 

correspondent to Selective Non Catalytic Reduction (SNCR) 

- 2: with assistance of a catalyst in a temperature range of 170 - 450°C Selective Catalytic Reduction 

(SCR) 
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3- Cyclone: The fumes are accelerated in a cylinder, the particles will impact on the walls and lose 

their speed, they are then recuperated in the filter bottom.it reduce a large percentage of particles. 

4- Electrostatic: The dust through a sufficiently large electric field .it’s so efficace in order 90 % to 

eliminate small particles less 5 micron . 

5- heat exchanger between gas flue and air that will enter to the boiler and contribue to a 

combustion .heat exchanger is necessary to minimize the gas temperature to 230°C. at this 

temperature the charcoal is effective even as bicaronate of soduim. 

6-injection of activated charcoal :to reduce the ratio of dioxin and furan in fumes . By activated 

carbon(can be also called "lignite Coke for odorous compounds.) 

7- injection of soduim bicarbonate(powder ) : to reduce the ratio of acid gas (SO₂ , HCl, HF), at 150- 

230°C. The filters in flat bags are successfully used for the chemical absorption of acid gases such 

as HF, HCl and SO₂ in addition to the adsorption of other pollutant compounds. Generally it is 

used, among others, calcium hydroxide and sodium bicarbonate (Ca(OH)₂) of typical commercial 

quality, which is injected in the gas stream before entering the filter. To achieve proper compliance 

with the emission limits required, the additive should be added in amounts over-stoichiometric 

(from 1.5 to 3 times).  
8-filter media: after bicarbonate,charbon was reacted to flue gas ,fumes came to filter media where 

a cacke was formed in the face ahead flue . 

 

Figure 45: implenentation of the system  of treatment 
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Type  Quantity  Type  Quantity  

Waste  8 ton /day  Electricity  45 kW 

Cooling water  10 m³/day  Ashes that will be treated in the recovery columns  300 kg /ton of waste  

Figure 46:the input and output of the plant 

 

Injection  Quantity/ 

ton of 

waste  

Price of 1 

kg  

Quantity 

injection 

 / 8 tons /day 

Cos/day   Quantity 

/month  

Quantity/year  Cost 

/year  

Sodium 

bicarbonate  

15 kg  0.23 $ 120 kg  27.6 $ 3.600 kg  43.200 kg  9.936 $ 

Activated 

 carbon  

1 kg  0.6 $ 8 kg  4.8 $ 240 kg  2.880 kg 1.728$ 

Figure 47: Quantities of chemicals materiels 

 

58.4.1 Continuous Emission Monitoring (CEM) 

A series of sensors will be  implemented to assure a  continuous emission  monitoring of different 

gas formed in the flue gas without the  Dioxins and furans that  measured by  GC(gas 

chromatographic );Sensors of:CO,CO₂,NO,NO₂, SO₂,SO,HCl,heavy metals.This system is 

important to monitor the emissons according with the lebanese environmental mnistry  : 
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58.5 Heavy metals recovery and treatment of ashes  

Solvent extraction, or liquid-liquid extraction is a separation technique isothermal in a 

heterogeneous liquid medium. 

The method is based on the existence of a difference in the solubility of a substance in two 

immiscible liquids. The process has three steps, as shown in next figure: 

In order to transport the material as quickly as possible, the area of the transfer surface is increased 

by various artifices. These objectives can be obtained in a column such as RDC column . 

 

Figure 48:RDC diagram 

The amount of feed solution that considered as aqueous solution at 90°c (3h) is about 300L.A 

column of 40 cm radius is suitable in this case. 

 

58.5.1 Extractants types  

Basic on the following list, we determine the type of heavy metals that we should  begin to 

recovery. 
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 Copper (Cu) is present in the ashes in high level. The direct solvent extraction of copper  using the 

oxime .Each 1 L require 1.6 of oxime . 
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59 Process control system  

59.1 Basic Plant Control System 

 



 

417 

59.2 User Interface 
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59.3 System Architecture 

Process control systems in power plants are also affected by new trends in the automation market. Changing requirements of customers and 

government rules are influencing the requirements of the power generation industry. These requirements can be met by either using new 

technologies or combining them with existing ones. 
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60 Environmental impact assessement  

60.1  What is the purpose of the  EIA? 

 To evaluate and  identify the predictable 

environmental consequences  

 Selection of  the best combination of 

economic and environmental costs and 

benefits of the proposed project. 

 تحديد العواقب البيئية المتوقعة لتقييم و. 
 ر أفضل مزيج من التكاليف الاقتصادية يااخت

.فوائد المشروع المقترح    والبيئية و

 

60.2 How is EIA done? 

 Identification of the consequences of the 

proposal. 

 Prediction of the extent of consequences. 

 Evaluation of the predicted consequences. 

(Significant or not) 

 Mitigation of the adverse consequences. 

 Documentation to inform decision makers 

what needs to be done. 

 تحديد عواقب الاقتراح. 
 التنبؤ بمدى العواقب. 
 )تقييم العواقب المتوقعة. )مهم أم لا 
 التخفيف من الآثار الضارة. 
 وثائق لإعلام صناع القرار بما يجب القيام به. 

60.3 Steps of the EIA  

60.3.1 Screening (as appropriate) 

 The competent authority makes a decision 

about whether EIA is required.  

 

 At the end of this stage, a screening 

decision must be issued and made public. 

 ما إذا كان  لسلطة المختصة تتخذ قرارا بشأنا
 مطلوبا تقييم الأثر البيئي. 

 ، يجب إصدار قرار الفحص في نهاية هذه المرحلة 
ونشر

60.3.2 Scoping (as appropriate)

 The Directive provides that Developers 

may request a scoping opinion from the 

competent authority which: 

o Identifies the content and the 

extent of the assessment 

o Specifies the information to be 

included in the EIA  Report. 

 التوجيه على أنه يجوز للمطورين طلب رأي  ينص
 :تحديد من السلطة المختصة

o يحدد المحتوى ومدى التقييم 
o  يحدد المعلومات التي سيتم تضمينها في

تقرير تقييم الأثر البيئي
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60.3.3 EIA Report 

It includes the following points: 

 Information regarding the project, 

 The Baseline scenario, 

 The likely significant effect of the 

project,  

 The proposed alternatives,  

 The features and measures to mitigate 

adverse significant effects as well as a 

non-technical summary. 

 علومات عن المشروع ،م 
 ، سيناريو خط الأساس 
 ، التأثير المحتمل المحتمل للمشروع 
 لبدائل المقترحة،ا 
  الميزات والتدابير للتخفيف من الآثار السلبية

 الضائرة وكذلك ملخص غير فني.

 

60.3.4 Decision Making and Development Consent 

This step includes the: 

 Examintion  of the EIA report by 

the competent authority  

 Consultation  with the 

environmental responsibilities 

,local and regional authorities . 

 Conclusion on whether the project 

entails significant effects. 

  فحص تقرير تقييم الأثر البيئي من قبل
 السلطة المختصة

 مع المسؤولين البيئيين والسلطات  تشاور
 المحلية والإقليمية

 المشروع ينطوي  استنتاج حول ما إذا كان
 ة.آثار كبير  على

 

60.3.5 Information on Development Consent And Monitoring 

After consultation and decision making, it is important to: 

 Informing  the public .  

 During construction and operation ,the 

developer must monitor the significant 

adverse 

 effects to mitigate them 

 .إعلام الجمهور 

  أثناء البناء والتشغيل يجب على المطور مراقبة

 الآثار الضارة الهامة للتخفيف منها.

 

60.4 Financials 

A specialized office will be contracted for his purpose. It may take 2-3 months @ an estimate cost of 

10k$ 
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60.5 References 
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61 Financials 

61.1 Power Plant cost 2MW (CAPEX) 

Item Description Total 

0. Civil Work Total $0 

1. Waste Management Total $490,000 

2. NLAP 2MW PP Total $3,045,476 

3. Software Total $70,000 

4. Testing and verification  Total $210,000 

Grand Total $3,815,476 

61.2 Maintenace and feed (OPEX) 

Ref# Description Unit Price Type Qty Total 

3 Operational Cost per year 
   

$332,083 

3.1 Annual Maintenance Contract $218,083 Yearly 1 $218,083 

3.2 Diesel $2,500 Monthly 12 $30,000 

3.3 Chemical 
   

$84,000 

3.3.1 Sodium bicarbonate  $6,000 Monthly 12 $72,000 

3.3.2 Activated carbon  $1,000 Monthly 12 $12,000 

 Total per year 
   

$332,083 

61.3 Operation Team (PS) 

Job description Qty Salary per month Total per year 

Project Manager 1 $2,000 $24,000 

Operator/control 2 $1,000 $24,000 

Forman  (Municipality) 1 $0 $0 
Bulldozer/winch driver   (Municipality) 1 $0 $0 
Waste separation   (Municipality) 3 $0 $0 
    

Total  8  $48,000 

61.4 Environment Impact Assessment (3rd  Party Contractor) 

Ref Description Unit Price Type Qty Total 

      

5 EIA  $         15,000  LS 1  $    15,000  

 Total      $    15,000  

61.5 Revenues  

Item description Price Unit Qty Total per day 

Waste treatment  $           25  per ton 50  $            1,250  

Electricity  $        0.13  kWh 2000  $            3,120  

Metal recycling  $            -    per ton 0.6  $                   -    

Bottom ash usage  $            -    per ton 10  $                   -    

Total per year Efficiency 90% 365  $    1,435,545  
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62 Time Schedule 

62.1 NLAP 2 MW Manufacturing Life Cycle 
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62.2 Project Life Cycle 
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63 Final:Our Proposal  

We are proposing a BOT model of 10 years. The following table provides the different financial 

functions involved through the project life cycle: 

Description 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Revenues $0 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 $1,435,545 

CAPEX $3,815,476 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

OPEX $0 $332,083 $332,083 $332,083 $332,083 $332,083 $332,083 $332,083 $332,083 $332,083 $332,083 

Financial Inv $0 $76,310 $76,310 $76,310 $76,310 $76,310 $0 $0 $0 $0 $0 

PS $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 

Maintenance  $0 $21,808 $21,808 $32,712 $32,712 $43,617 $43,617 $54,521 $54,521 $54,521 

Site Prep $50,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Municipality $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 $48,000 

EIA $0 $15,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Total -$3,961,476 $916,152 $909,344 $909,344 $898,440 $898,440 $963,845 $963,845 $952,941 $952,941 $952,941 

The following chart provides financial dashboard through BOT 

 

 Our proposal is for a period of 11 years (BOT) – (1 year Manufacturing / 10 years operation) 

 Optional: Operation and maintenance to continue after period by NLAP 

 The municipality will be provide the needed land to install the power plant as per layout Figure 2 

 The municpality will be responsible on the waste team as indicated in section 7.3 

 This proposal is valid for 30 days  

Hope you find the above proposal meets favorably with you and remain 

Looking forward to have a fruitfule cooperation and work together for the best of our community. 

Best Regards, 

 

Eng. Ziad MALAK Dr. Eng. Samir Mourad 

COO CEO 

Tripoli, 10.4.2019 Tripoli, 10.4.2019 

 

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Total Cum -$3,961 -$3,045 -$2,135 -$1,226 -$328,1 $570,24 $1,534, $2,497, $3,450, $4,403, $5,356,

-$6,000,000

-$4,000,000

-$2,000,000

$0

$2,000,000

$4,000,000

$6,000,000

Financial Dashboard 
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Other marketing activities 
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64 Mashha مشحا عكار - North Lebanon April 2019 

- presentation (pdf) (للتحميل) 

- presentation (pptx) (للتحميل) 

- project proposal (pdf) (للتحميل) 

- project proposal (docx) (للتحميل) 

   
 تقريرعناللقاء

 

 

http://nna-leb.gov.lb/ar/show-news/403587/ 

https://www.facebook.com/152904024791806/posts/2108129579269231/ 

 

 بلدية مشحا

April 13 at 5:05 PM ·  

  

عن مشروع توليد الطاقةالكهربائيية من النااات  في بلدة مشحا ندوة روارية  . 

http://nlap-lb.com/projects/MashhaApril2019_2MW/110419_NLAP_Meshaa%20Municipality%20Presentation_Final.pdf
http://nlap-lb.com/projects/MashhaApril2019_2MW/100419_1330_NLAP_2MW_PP_Meshaa_proposal_v1.3.pdf
http://nlap-lb.com/projects/MashhaApril2019_2MW/110419_NLAP_Meshaa%20Municipality%20Presentation_Final.pptx
http://nlap-lb.com/projects/MashhaApril2019_2MW/110419_NLAP_Meshaa%20Municipality%20Presentation_Final.pptx
http://nlap-lb.com/projects/MashhaApril2019_2MW/110419_NLAP_Meshaa%20Municipality%20Presentation_Final.pptx
http://nlap-lb.com/projects/MashhaApril2019_2MW/100419_1330_NLAP_2MW_PP_Meshaa_proposal_v1.3.pdf
http://nlap-lb.com/projects/MashhaApril2019_2MW/100419_1330_NLAP_2MW_PP_Meshaa_proposal_v1.3.docx
http://nna-leb.gov.lb/ar/show-news/403587/
https://www.facebook.com/152904024791806/posts/2108129579269231/
https://www.facebook.com/mashhamunicipality/?__tn__=kC-R&eid=ARDY9Y8_CEcSyo-tGB8veQ9_iQ81XcrpDcQnXgLEFlQipgDdT8TlmgiYYG7a060ObOkpeCFaI4ptzbtg&hc_ref=ARRbxEg1P22JhZtmcU6oA8jiqDlUz9vzVcjAYv1W7RS1mrFzKf0Svld6CaFAuaq482Q&fref=nf&__xts__%5B0%5D=68.ARBjdtM1Y3olVEGtJFGpZoo6b6yJxMNo3QyEmTgKq5bbQiJVWysFp1oAqlLmOmEuoUtENELODYTA0q7raKiZIqHnS5ZKKBdPK-IcJUV9q_zny5SMkKF1wHwg3K8xP_Y8pRVKmVHPtbo40eq9OyH8d5lYQgfmxdZ49Ug_AZ4VA1WcKs0-CXMu8Uu4_IBjSUcKv3y6p-MoAHJ7BUibj9Rf5fXzSxx8vipBlgmoB3NcSvVNokGtkSJvh3hhxSejWjs_8lNNMWRT13t24JiIGQ_4C-98Tg9D0HHPCye6yeNrra3chrYZ-UO282sMKZQMmPomW8GzGrEzHc57vkxiO_Ujc5ZfxQ
https://www.facebook.com/mashhamunicipality/posts/2108129579269231?__xts__%5B0%5D=68.ARBjdtM1Y3olVEGtJFGpZoo6b6yJxMNo3QyEmTgKq5bbQiJVWysFp1oAqlLmOmEuoUtENELODYTA0q7raKiZIqHnS5ZKKBdPK-IcJUV9q_zny5SMkKF1wHwg3K8xP_Y8pRVKmVHPtbo40eq9OyH8d5lYQgfmxdZ49Ug_AZ4VA1WcKs0-CXMu8Uu4_IBjSUcKv3y6p-MoAHJ7BUibj9Rf5fXzSxx8vipBlgmoB3NcSvVNokGtkSJvh3hhxSejWjs_8lNNMWRT13t24JiIGQ_4C-98Tg9D0HHPCye6yeNrra3chrYZ-UO282sMKZQMmPomW8GzGrEzHc57vkxiO_Ujc5ZfxQ&__tn__=-R
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نظمت بلدية مشحا، بالتعاون مع شركة " طاقة الشمال " ندوة رول مقترح مشروع توليد الطاقة الكهربائيية 
من النااات  في البلدة، في مبنى المدرسة الحميدية الأثرية، حجضور رئييس بلدية مشحا خالد عبدالقادر الزعبي 
، ونائيب الرئييس محمد سليمان الضناوي ، والاعضاء وعن شركة "طاقة الشمال" رضر رئييس الشركة سمير 
مراد، مسؤول التسوي  زاتد ملك، عبدالله مراد مدير قسم التصنيع الميكانيكي، وشارك المجلس المدني لانماء 

لا بمصطاى الدركوشي ، مدير عكار ممثلا برئييسه رامد زكرات ، رئييس اتحاد نهر اسطوان عمر الحايك ممث
 . ثانوية مشحا الرسمية راتض الزعبي ، والمختار احمد الزعبي ، بالاضافة الى مختصين ومهتمين

بدأ  الندوة بكلمة لرئييس بلدية مشحا خالد عبدالقادر الزعبي الذي ررب بالحضور، وتكلم عن ازمة 
 .النااات 

مجال الارز من المصدر وانشاء مركزي الارز والتسبيخ وانتاج وتحدث الزعبي عن تجربة بلدية مشحا الرائيدة في 
السماد العضوي. وقال: "نحن اليوم بصدد مناقشة مشروع معالجة النااات  عن طري  التاكك الحراري 

سنة قادمة، وهو  30ميغاواط من الكهرباء لمدة  2وانتاج الطاقة الكهربائيية التي ستغذي بلدة مشحا ب 
 ."ايد منه البلدية والشركة في ان معامشروع استثماري تست

 ملك

وعرض ملك المشروع بتااصيله، وتحدث عن الجدوى الاقتصادية من خلال: تأمين فرص عمل، صناعة 
محلية لكامل المصنع تكون اوفر، معالجة لمشكلة النااات  المزمنة في الحال، تقليل العمز في الكهرباء، 

 .يد الشوارع، واعادة تدوير المعادنالاستاادة من بقاات الحر  لصيانة وتعب

 .وفي الختام، كانت مناقشة عامة مع الحضور رول المشروع واستاسارا  رد عليها مراد
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Electrical Distribution Plan (pdf) 

 

http://nlap-lb.com/projects/MashhaApril2019_2MW/NLAP_electricityDistribution_240419.pdf
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65 Taran/Diniyye - North Lebanon 2019 

-Project Proposal (pdf)   (please click) 

2019ااتر  3 لقاء مع رئيساء بلدات  اتحاد جرد الضنية في مركز طاقة الشمال في راسمسقا في تاريخ  

 

 

 

 

http://nlap-lb.com/projects/Taran2019/020419_1330_NLAP_2MW_PP_taran_proposal_v3.pdf
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66 Srar - North Lebanon 2018 

- Environment Impact Assessment - report (doc) (تقييم الاثر البيئي) (please click) 

 

http://nlap-lb.com/projects/Srar2018/010119_1EIA_Srar_doc.pdf
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 (Ayyat / Akkar - North Lebanon) بلدية عيات 21

30 tons/day Waste incinerator + hydrogen production (Project Proposal 

Feb 2018) 

- project proposal (pdf)    (please click) 

http://aecenar.com/downloads/doc_download/227-nlap-project-proposal-incinerator-30t-day-hydrogen-production-ayyat-akkar-feb2017
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68 Al-Denniye 120 tons/day Waste incinerator (Project Proposal Dec 2017) 

- presentation (power point), presentation (pdf)    (please click) 

- film  (please click) 

http://nlap-lb.com/projects/NLAP-IncineratorProject_Denniye_Nov2017/201217NLAP-IncineratorProject_Denniye_ProjectProposal_Presentation.pptx
http://nlap-lb.com/projects/NLAP-IncineratorProject_Denniye_Nov2017/201217NLAP-IncineratorProject_Denniye_ProjectProposal_Presentation.pdf
http://nlap-lb.com/projects/NLAP-IncineratorProject_Denniye_Nov2017/201217_2NLAP-IncineratorProject_Denniye_ProjectProposal_Presentation.wmv
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69 Prices on nlap-lb.com 
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NLAP FreeCAD Database 

 



NLAP FreeCAD Database 
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70 North Lebanon Alternative Power_FREECAD_DATABASE 

Last update: 24.11.2016 

 

 

70.1 40 kW Testplant in Qubaisi Center 

 

70.2 40 kW NLAP-IPP Demoplant 

Vaporizer   

Turbine   

FlueGasPurification   

   

Complete System Version July 2016 

250716TEMO-IPP_co
mpleteSystem2016.FCStd

 

 

70.3 1.5 MW NLAP-IPP 

Device 

No. 

Part+details   

file:///D:/NLAP/NLAP-FreeCAD_DATA/40kW-IPP_Demoplant/250716TEMO-IPP_completeSystem2016.FCStd
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1 Waste Inlet 
Container 

 (مع كماشة)

  

2 
Incineration 

chamber 

+Vaporizer 

Version14. 

November 2016 

 

Version 23.11.2016 

 

3 
Flue Gas 

Purification 

(Cyclotrone, 

Electrofilter, 

Carbonfilter, ...) 

Version 21.11.2016 

 

Version 22.11.2016 

 

 

4 
Condensor Version 21 Nov 

2016 

 

 

 

Incinerator/14-11-16_2MWel_incinerator.FCStd
Incinerator/14-11-16_2MWel_incinerator.FCStd
1.5MW-IPP/23-11-16_2MWel_incinerator.FCStd
FlueGasPurification/1.5MW_FlueGasPurification_inContainer211116.FCStd
FlueGasPurification/1.5MWcontainer%20of%20fitration%2022-1116%20.FCStd
file:///D:/NLAP/NLAP-FreeCAD_DATA/Condensor/2MWel_condensor%2018-11-16.FCStd
file:///D:/NLAP/NLAP-FreeCAD_DATA/Condensor/2MWel_condensor%2018-11-16.FCStd
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5 
Turbine 1.5 MW non-static 

piece (ready for 

manufactoring 

with 3D CNC) 

 

 TurbineBlock 

(including 

Generator) 

  

6 Control Room  

 

7 
Complete 

System 

  

70.4 40 MW NLAP incineration power plant 

Part details Version Design 

Combustion Chamber 

 volume is 7500 cu ft. 
(212 meter cube) 

( width: 4m, length: 

4m, height:12m) 

 

 
 

Version 20.09.2015 

(FORMAT_FCStsd) 

 

TURBINE/21112016-MEAE-STEAM%20TURBINE%20DESIGN%20-MALAKZOEBI.FCStd
TURBINE/21112016-MEAE-STEAM%20TURBINE%20DESIGN%20-MALAKZOEBI.FCStd
VAPORISER/FORMAT_FCStsd/40MW_vaporizer_allwithbordnotusable.FCStd
VAPORISER/FORMAT_FCStsd/40MW_vaporizer_allwithbordnotusable.FCStd
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Drum 

 Length: 32 ft. (10 m) 

 Diameter: 7 ft. (2.1 m)  

 Weight: 9200 pound 

(4173 kg) 

 Capacity: 6600 gallon 

(24 983 l) 

 Thickness: 5 mm 

 Material: Stainless 
steel 316L 

Version 2015 

40MW_vaporizer_dr
um.FCStd

 

 

Complete Plant cycle Version 14.08.2015 

 

 

 

 

VAPORISER/FORMAT_FCStsd/40MW_vaporizer_drum.FCStd
40MW-IPP/40MW_completePlant_ver140815.FCStd
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