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ABSTRACT

Medical waste incinerator integrated with water desalination for    Nablus City

In Palestine Medical waste is one of the most important environmental problems that are facing Palestinian national authority (PNA) in the last few years.
            The disposal of garbage and medical waste is a problem that continues to grow with the development of industrialized nations and the growth of population. Since the beginning of time people have needed to find a way of disposing of their trash. In 18th century England and France, carters were paid by individuals to carry trash and discard it on the outskirts of town. Disposal in open pits became routine and Benjamin Franklin initiated the first municipal cleaning program in Philadelphia in 1757 [4]. Since then we have come a long way and have developed types of waste that cannot simply be dumped into a hole. 

The Purposes of this study was first, to study the construction of an incinerator integrated with distillation water for Nablus city. Second, Increase awareness about Mechanical and thermal design. 

The results of the study reveal that:

1. The total Quantities product from Nablus hospitals approximately 850Kg/day.
2. There is no heat recovery system attached with medical incinerators in Palestine.

3. The study also shows that the heat produced from the medical incinerator can be used to produce distillate water at flow rate of 900kg/hr.

Chapter By Chapter Preview
This study will be divided in to two parts. The first is the fields studying bout the medical waste in Nablus hospitals, while the second is the studying and design of medical waste incinerators integrated with distillation system.

Chapter one of the study is a preliminary background   a bout the medical waste composition, the medical waste types, medical waste generators, medical waste managements, and the disposal of medical waste

Chapter Two is a statistical study about the medical waste in Nablus hospitals that include the field visiting and direct interview with the Private hospitals in Nablus and the health department in Nablus municipality. 

Chapter three include background a bout the design of medical waste incinerators, type of medical waste incinerators, principle of medical waste incineration, and the limitations and restrictions for the medical waste components design.

Chapter four is a bout the design of components for medical waste incinerators, the tow chambers design, burner's selection, heat recovery design, and insulation of the incinerators.

Chapter five is design components of the distillation process, the type of Desalination, the evaporators design, condenser design, and the cooling tower design and it components.  

Chapter six include an operation of medical waste system, starting of operation, loading and charging for medical waste incinerator, maintenance of the system, operational control fro this system, and finally the operational problem for the medical waste incinerator.

Chapter seven includes list of conclusion and recommendations
Chapter 1 PRELIMINARY BACKGROUND
     Waste material can be defined as the useless, unwanted or discharged material resulting from the application of human activities. It comprises waste resulting from household, commercial, industrial, agricultural, and medical activity. [1]  

     The environmental scientists classify wastes into three different categories. Non-hazardous are those that pose no immediate threat to human health and the environment. Household garbage is included into this category. Hazardous wastes are of two types: those that have common hazardous properties such as ignitability or reactivity and those that contain toxic components. The last type of waste is entitled Special Wastes and is very specific in nature. Some examples would be radioactive wastes and medical wastes. 

1.1 Definitions of Medical Waste 
    Medical waste can be defined as wastes generated by facilities such as hospitals, clinics, doctors and dentist's offices, nursing homes, veterinary establishments, medical and research laboratories. 
     Amended by the Medical Waste Tracking Act (MWTA), defines medical waste as any solid waste which is generated in the diagnosis, treatment, or immunization of human beings or animals, in research pertaining thereto, or in production or testing of biological.
     In fact, medical waste is a heterogeneous mixture of general refuse, laboratory and pharmaceutical chemicals and containers, and pathological waste. And these typically includes human blood and blood products, cultures and stocks of infectious agents, pathological wastes, isolation wastes, laboratory animal wastes and contaminated bedding materials, and used and unused sharps (e.g., needles).  However, as the provision of health care services continues to grow in non-hospital settings, it is likely that the volume of medical waste generated in clinics, ambulatory surgical centers, skilled nursing facilities, physician offices, dental offices, research facilities, and a variety of home health care settings, will increase. The most waste produced by any hospital or medical centers are not infectious and, but the percentage of dangerous waste are limited by (15-20) % of general waste of hospital.  
1.2 Composition of Medical Wastes [2]
     The Composition of the wastes depends on the type of generator and the source of the waste within the generator facility. Activities and procedures within the facility can vary significantly from day to day, but the most medical waste is composed of the following component:

· Biohazardous Waste: waste (including animal carcasses) contaminated with infectious agents known to cause human illness and not contaminated with radioactive materials or hazardous chemicals. 

· Biohazardous Sharps Waste: devices capable of cutting or piercing that are contaminated with biohazardous waste. Examples include contaminated hypodermic needles, scalpels, razor blades, and X-acto blades. 

· Pathology Waste: Human pathological wastes, including tissues, organs, and body parts and body fluids that arc removed during surgery or autopsy or other medical procedures and specimens of  body fluids and their containers.

· Human blood and blood products: Human blood; liquid waste; products of blood; items that were saturated and/or dripping with human blood that are now caked with dried human blood, including serum, plasma, and other blood components and their containers, which were used or intended for use in patient care, testing and laboratory analysis, or the development of pharmaceuticals. Intravenous bags are also included in this category. 

· Chemotherapy Waste: waste such as gloves, towels, empty bags, and intravenous tubing that contain or are contaminated with chemotherapeutic agents.

1.3 Biohazardous Waste
Figure (1-1) shown the Biohazardous Waste which includes any of the following:
A. Laboratory waste, which comprises of the following

1) Human or animal specimen cultures from medical and pathology laboratories.

2) Cultures and stocks of infectious agents from research and industrial laboratories.

3) Wastes from the production of bacteria, viruses, spores, discarded live and attenuated vaccines used in human health care or research, discarded animal vaccines, including Brucellosis and Contagious Ecthyma, as identified by the department, and culture dishes and devices used to transfer, inoculate, and mix cultures.

B. Human surgery specimens or tissues removed at surgery or autopsy, which are suspected by the attending physician and surgeon or dentist of being contaminated with infectious agents known to be contagious to humans.

C. Animal parts, tissues, fluids, or carcasses suspected by the attending veterinarian of being contaminated with infectious agents known to be contagious to humans.

D. Waste, which at the point of transport from the generator’s site, at the point of disposal, or thereafter, contains recognizable fluid blood, fluid blood products, containers or equipment containing blood that is fluid, or blood from animals known to be infected with diseases which are highly communicable to humans.

E. Waste containing discarded materials contaminated with excretion, or secretions from humans or animals that are required to be isolated by the infection control staff, the attending physician and surgeon, the attending veterinarian, or the local health officer, to protect others from highly communicable diseases or diseases of animals that are highly communicable to humans.
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Figure (‎1‑1): Some composition of biohazardous waste [4]
1.4 Sharps Waste 

     Sharps waste means any device having acute rigid corners, edges, or protuberances capable of cutting or piercing as shown in figure (1-2). Sharps that have been used in animal or human patient care or treatment or in medical, search, or industrial laboratories, and including:
a) Hypodermic needles, hypodermic needles with syringes, blades, needles with attached tubing, syringes contaminated with biohazardous waste, acupuncture needles, root canal files, scalpel blades, blood vials, and culture dishes (regardless of presence of infectious agents). 

b) Broken glass items, such as Pasteur pipettes and blood vials contaminated with biohazardous waste. Also included other types of unbroken glassware that were in contact with infectious agents, such as used slides and cover slips..

c) Any item capable of cutting or piercing that is contaminated with trauma scene waste.
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Figure (‎1‑2): some composition of sharps waste [4]
1.5 Medical Waste Generator 

    Medical waste generator means any person whose act or process produces medical waste and includes:

a) Medical and dental offices, clinics, hospitals, surgery centers.

b)  Veterinary offices, veterinary clinics, and veterinary hospitals.

c) Laboratories, research laboratories, unlicensed health facilities.

d) Chronic dialysis clinics and education and research facilities.

1.6 Medical Waste Management

     Medical waste management may be defend as that discipline associated with the control of generation, separations, storage, collocation, transport, processing, and disposal of  medical waste. In a manner that is accord with the best principles of public health, economic, engineering conservation aesthetics and other environmental consideration and that is responsive to public attitudes. In its scope, "MWM" includes all administrative, financial. Legal, planning and engineering functions involved in the whole spectrum of solution to problems of solid wastes thrust upon the community by its habitant (4). 
As shown above "MWM" includes a large number of activities that should be properly managed in order to get a "MWM" that is subjected to as set of environmental, economical, financial, and engineering constrains and that main purpose of "MWM" is to get a good environmental condition. "MWM" can be simplified as in figure (1-3).
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Figure (‎1‑3): Simplified diagram showing the interrelationships of functional elements in medical waste management system [5]
1.7 Disposal of Medical Waste

The following alternative techniques do not result in the formation and are therefore considered suitable methods for their ultimate elimination. However, they might have advantages and drawbacks in other respects. 

1.7.1 Steam sterilization [6]
 Steam sterilizing or autoclaving is the exposure of waste to saturated steam under pressure in a pressure vessel or autoclave. The technology does not render waste unrecognizable and does not reduce the waste volume unless a shredder or grinder is added. Autoclaves are available in a wide range of sizes and capital costs are relatively low compared to other alternative techniques.

Microwave disinfection is essentially also a steam-based process since disinfection occurs through the action of moist heat and steam generated by microwave energy. Drawbacks are the relatively high capital costs, noise generation from the shredder and possibility of offensive odours.

1.7.2 Dry heat sterilization [6] 

   Dry heat sterilization is the exposure of the waste to heat at a temperature and for a time sufficient to ensure sterilization of the entire waste load. The technology is simple, automated and easy to use. 
1.7.3 Chemical disinfection [6]
    This method involves the exposure of waste to chemical agents which possess antimicrobial activity. Chlorine dioxide, sodium hypochlorite, peroxyacetic acid, ozone gas, lime-based dry powders are used. Chemical-based disinfection technologies generally incorporate internal shredding and mixing to resolve the problem of contact and exposure. General disinfectants may not inactivate organisms such as spores, some fungi and viruses and should not be used as the principal treatment methods unless thermal procedures are inappropriate because of the nature of waste or contaminated material. 

1.7.4 Landfill [4]
   Disposing of infectious wastes into a landfill greatly increases the risks to human health and the environment of exposure to infection from this source. If the waste is disturbed by any means, or not properly covered, further risks will arise. It is therefore not good practice to dispose of infectious waste directly into a landfill. To guard against these risks, where landfill is the only available option, infectious wastes should be treated in order to destroy/remove their infectivity, preferably at the site of generation of the waste. This can be done by using known effective techniques such as autoclaving, microwave treatment, dry heat sterilization or chemical disinfection.
1.8 Conclusion:

· Medical waste is waste generated by facilities such as hospitals, clinics, doctors and dentist's offices, nursing homes, veterinary establishments, medical and research laboratories. 
· The Composition of the wastes depends on the type of generator and the source of the waste within the generator facility. 
·  Sharps waste means any device having acute rigid corners, edges, or protuberances capable of cutting or piercing.
· Medical waste management it is discipline associated with the control of generation, separations, storage, collocation, transport, processing, and disposal of medical waste.
· There are several methods for disposal of medical waste after incineration which is an important process to eliminate of the ash which contains dangers chemical materials. 

Chapter 2 STATISTICAL STUDY
 Based on the waste audit conducted in October 2006, preliminary data estimated the quantity of medical waste generated by the hospital of Nablus for incineration at approximately 850 kg/day. This study aimed to the reality of medical waste management in Palestine, has been the focus of this study is to examine the process of separating medical waste from normal waste, how to deal with them, how to transport, treatment, and final disposal.

2.1 Methodology
Through this study, the following methodology was adapted and followed in statistical study:

1. Prepar a suitable filed study for the nablus hospital to investigat a set of resach aspects.

2. Prepar a suitable filed study for the health department in nablus municiplity to investigat a set of resach aspects.

3. Make more visits for other cities hospitailes in palistine.

2.2  Visits for Nablus Hospital [23]
The field research was start at October 2006 by visiting the Nablus hospitals to collect information and data about the medical waste quantity and the management system that used in these hospitals. In Nablus city there are six hospitals, two of theses governmental hospitals and others are private hospitals.

The visits were conducted for three private hospitals which are (Al Itihad Hospital, Nablus Specialty Hospital, and Specialized Arab Hospital). In theses visits we made structured interviews with some of doctors, and nurses then make a deep interview with the employee or doctors who are responsible for medical waste in each hospital, and we asked each to responder about some question that related to the medical waste quantity and its managements as in appendix (A).  

2.2 .1 Al Itihad Hospital
Al Itihad hospital is one of the largest and oldest private hospitals in Nablus, through the visit that conducted at October 2006, doctors and nurses whom gave us the following information:

·  Numbers of beds in this hospital are seventy two (72) beds.

· Percent of occupation in normal days is about 70%.

· In this hospital there is medical waste committee under supervision the head of nursing departments who are responsible for the medical waste.

· No accurate statistical data for medical waste generation in this hospital.

· The employers who are responsible for collecting the medical waste from each patient rooms work three shifts, at the beginning of each shift the worker collects these waste from each room, but these waste contain the normal waste from patients, un-sharp waste, papers, and remaining food, these waste are collected in yellow bags.

· The other normal waste (home garbage) collects in blue bags.

· The sharp medical waste collects in sharp box, at nursing room.

· The pathological or biohazardous waste from medical surgery, and from birthing operation, sends immediately to the main container behind the hospitals.

· The clean worker estimate that each bag that has weight (1.5-2.5) kg generated from each room which contain two beds,  and (2-4) kg generated from each room that contain three or four beds.

· The nurse in hospitals give us more accurate definition for medical waste (it is waste produce from the room of patients which mean that any waste related to patients, and other waste that produce form operation room. 

· The doctors and nurse says that the best method to treat the medical and pathological waste is the incineration under environmentally restrictions.  

· The medicine that being over it's expire date are return to health ministry. 

2.2 .2 Nablus Specialty Hospital
The Nablus specialty hospital is one of the private hospitals in Nablus, through the visit we conducted on October 2006, doctors and nurses gave us the following information:

· Numbers of beds in this hospital are seventy (70) beds.

· Percent of occupation in normal days about 60%.

· The statistical figures for medical waste generated from this hospital are estimate for each room.

· The employers who are responsible for collecting the medical waste from each patient rooms work as three shifts at beginning of each shift the worker will collect these waste from each room, but these waste contain the normal waste from patients, papers, and remaining food, these waste collect in yellow bags.

· The other normal (home garbage) waste collects in blue bags.

· The sharp medical waste collects in nursing room.

· The doctors in this hospital say that the quantity of medical waste is different form department to other in hospitals.

· The pathological or biohazardous waste from medical surgery, and from birthing operation, sends immediately to the main container on the ground floor under the hospitals.

· The clean worker estimate that each bag that has weight (1.5-3) kg generated from each room which contain two beds.

· The clean worker always take course training how to treat with medical waste specially sharp and infectious waste

· The medicine that being over it's expire date disposed by pharmacy of hospital or return to health ministry. 

2.2 .3 Specialized Arab Hospital
The Specialized Arab Hospital is the newest private hospitals in Nablus, through the visit that conducts on October 2006, doctors and nurses, and the excessive manger gave us the following information:

· Numbers of beds in this hospital are fifty (50) beds.

· Percent of occupation in normal days about 60%.

· No statistical figures for medical waste generated from this hospital.

· In this hospital there is resistance of infectious committee under supervising the excessive manger, which is responsible for the medical waste.

· The employers who are responsible for collecting the medical waste from each patient rooms work, but these waste contain normal waste from patients, papers, and remaining food, these wastes collect in yellow bags.

· The other normal (garbage) wastes collect in blue bags.

· But the sharp medical wastes collect in nursing room on the hard box called sharp box.

· The pathological or biohazardous waste from medical lab in this hospital, and from birthing operation, sends immediately to the main container on the ground floor under the hospitals.

· The clean worker estimate that each bag that has weight (2-3) kg generated from each room which contain two beds.

· The separations processes in this hospital as in others conduct for three categories are sharp waste, medical waste, and normally waste. 

· The medicine that over it's expire date are return to health ministry.
· The doctors and nurses say that no method to treat and dispose from medical waste better than medical waste incineration in special incinerators.
2.3 Visits for Nablus Municipality [24]
The health department in Nablus municipality was the other source of information and data about the medical waste quantity, the management system, and the most important thing was the method of disposing of medical waste in Palestine land especially in Nablus municipality that used in these hospitals. 

The visiting which conduct in October 2006, comprised two stages which were as follow:

In the first visiting, we make interview with the head of health department Dr. Azam Halwah who give us the following information:

· The sources of medical waste are hospital, medical labs, center of medical research, medical dispensary, special clinical office, and the small health unit.

· Almost all private and governmental hospitals are following the separation of medical waste program.

·  The sharp and glass medical waste are collected in the sharp box or in glass bottles.

· The other medical wastes collect in yellow bags.

· The normal or home (garbage) wastes collect in blue bags.

· Every day the worker in the Nablus municipality collect the medical waste from the hospital only (on these days), but at past day when there is a medical incinerator it was collect almost apply for all medical waste sources.

· The collections conduct thorough small containers which are located in each hospital, these containers are exactly closed, to prevent any leakages from it.
·  The responsibilities of disposing medical waste are for the health department in Nablus municipality.

·  The medical waste are defined as every thing generated form the sick room as it's remain food, its clothes, solution product from sick, and the other waste from surgery operation. 
· The health department has rough estimation from previous statistical study; say that every bad produce (2-3) kg every day, the density of medical waste can be estimate as 75kg/m3.

The second visiting we also make interview with the head of health department Dr. Azam Halwah, but we visit the old incinerator in Nablus municipality then he give us the following information:

· In past before 5 year Nablus municipality has medical incinerator, which has been used for medical waste incineration, but these day no incinerator found.

· The old incinerator was burning the waste in two stage burning for waste at 500oCand burning of flue gases from first stage at temperature 1000oC.

· No method is better than incineration method, because it reduce it volume and clean the sharp tool from the infectious waste.

· No disposing method uses know, but the medical waste collects from Israel authority, and the Nablus municipality paid money for it.

At end of this visit Dr. Azam provide us with the approximate compositions of medical waste in Nablus hospitals.

From the last visits and from the previous studies the following table was constructed which is about medical quantities.

Table (‎2‑1): Medical waste quantities for Nablus hospital
	Hospital  Name
	Number of  beds
 (capacity) 
	Percents of
 occupation (%)
	Rate of  generations
(Kg/bed/day)[7]
	Rate of  generations
(Kg/day)

	Al Wattani Hospital
	125 [22]
	90%[22]
	2.3
	259

	Rafidia Hospital
	168 [22]
	90%[22]
	1.86
	281

	Al Itihad Hospital
	72 [23]
	70%[23]
	2.1
	106

	St. Luke's Hospital
	48 [22]
	70%[22]
	1.92
	65

	Nablus Specialty Hospital 
	70 [23]
	60%[23]
	1.92
	81

	Specialized Arab Hospital
	50 [23]
	60%[23]
	1.92
	58

	
	
	
	
	849


2.4 Visits for Jericho Hospital [25]
The Jericho hospital was the final stage for field visiting, but this visiting was conduct in January 2007, and aims to learn more bout the medical waste incineration, because in Jericho hospital they has a small incinerator, so we make interview with engineer who is responsible for operation the medical waste incinerator, from this visiting we include the following information:

· The Jericho hospital has small incinerator from Techtrol C25 models as in figure (2-1).

· The capacity of this incinerator is 25kg/hr, and incineration was done in two stages as in all modern incinerators.

· The operators, who operate this incinerator, take course training to operate it.

·  The chimney of this incinerator has hedgiest 8m.
· This model used any standard fuel (oil fuel such as diesel).

· This incinerator working for almost four hours.

· There is no heat recovery system attached with this model.

·  In Jericho hospital has the same collocation system as in Nablus hospital.
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Figure (‎2‑1): Jericho hospital incinerators

2.5 Characteristics of Medical waste Components 

From the lasts visiting and interviews, we notice that the medical waste is characteristically heterogeneous, consisting of items composed of many different materials. The Composition of the wastes depends on the type of generator and the source of the waste within the generator facility. Activities and procedures within the facility can vary significantly from day to day, making it difficult to predict the composition of the waste. Therefore, no data are available from which a representative characterization of medical waste can be formulated, and only the component of the waste can be characterized. The chemical and physical properties of the components of wastes vary considerably not only from day to day, but within each day from each department. A study about medical waste composition in Nablus hospitals that conduct by Yousef S. Qaroot (master study) provided information about the composite of medical waste or hospital waste as in table (2-2): 
Table (‎2‑2):  Medical waste compositions of medical waste in Nablus hospital 
	Type of  waste
	Percent of composition (%) [7]

	Paper & Swabs
& absorbents
	23.64

	Plastic
	14.43

	Pathological
	7.37

	Glass
	5.86

	Metal
	2.65

	Needle
	1.12

	Garbage
	42.53

	Others
	2.4

	Total 
	100


Then we found that general refuse from hospitals is similar to generic wastes from residences and institutions and includes artificial linens, paper, flowers, food, cans, and plastic cups. Infectious wastes include isolation wastes (refuse associated with isolation patients), cultures and stocks of infectious agents and associated biological, human blood and blood products, pathological wastes, contaminated sharps, and contaminated animal carcasses, body parts, and bedding.
But these wastes have the following heating value, of different medical waste materials. This results from the study that conduct by U.S. Environmental Protection Agency for medical waste in third world countries, the following table present the heating value for medical waste according to last study:

Table (‎2‑3): Heat value for medical waste in Nablus hospital
	Type of  waste
	Percent of composition (%) [7]
	Heat value
(KJ/Kg) [3]
	Heat value
KJ/Kg

	Paper & Swabs
& absorbents
	23.64
	13000-27000
	4728

	Plastic
	14.43
	32300-46500
	5685.42

	pathological
	7.37
	1860-8370 
	376.9755

	Glass
	5.86
	0
	0

	Metal
	2.65
	140
	3.71

	Needle
	1.12
	140
	1.568

	Garbage
	42.53
	4640
	1973.392

	Others
	2.4
	4640
	111.36

	
	
	
	12880


The last value was calculated for each medical waste kilogram, but we know form the table (2-1), that the quantities of medical waste equal to 849Kg/day.
So the heat value for the medical waste in Nablus hospital per day or per tons is:

	Heat value for one day = (heat value/kg)*(waste/Kg/day)

	Heat value for one day = (12880)*(849)

	Heat value for one day = 
	1.093E+07
	(KJ/day)

	
	
	
	

	Heat value for one ton = 
	1.288E+07
	(KJ/ton)


2.6 Conclusion

· The statistical study and data collection are important items in any researchers or project.
· The visiting was conduct for three private hospitals which are (Al Itihad Hospital, Nablus Specialty Hospital, and Specialized Arab Hospital).

· Almost all Nablus hospitals have the unity collection system for medical waste.

· There is no an actual and accurate statistical figures for the medical waste generated from Nablus hospitals. 

· The doctors and nurses recommended that no method used to treat and disposed medical waste better than medical waste incineration in special incinerators. 

· The preliminary data estimated the quantity of medical waste generated by the hospital of Nablus for incineration at approximately 850 kg/day.
· There is no heat recovery system attached with incinerator that used in Jericho hospitals.

Chapter 3 INCINERATOR DESGIN
      In the first chapter we know the different method that used for disposal of medical waste, and one of these methods is incineration.

Incineration is an important method for the treatment and decontamination of medical and health-care waste. This chapter gives guidance on the incineration of the medical waste and illustrate the complete design for incinerator that will use in this project. 
3.1 Definitions Medical Waste Incineration 
      A major benefit of incineration is the destruction of pathogens (disease-causing agent's), which occurs as a result of the high temperatures achieved in MWI's. Another benefit is the significant reduction of the weight and volume of waste material to be land filled; MWI's typically achieve better than 90 percent burn down. In addition, converting waste to ash results in a more aesthetically acceptable material. Of incineration is to generate acceptable ash for land disposal. (Acceptable ash is characterized by pathogen destruction, low volatile metals content, and a low percentage of organic matter).
The medical waste incineration process can be described in Terms of the following steps: waste charging, primary chamber combustion, secondary chamber combustion, combustion gas handling, and ash removal. As in Figure (3-1) illustrates how these Steps relate to each other in the incineration system. The important factors that help to characterize an MWI system and its operation are the mode of operation, the method of waste feed charging, the method of ash removal, and the air distribution to the combustion chambers. 

[image: image5]
Figure (‎3‑1): Flow Chart for incineration process [3]
In some cases, incineration may provide economic benefits through waste heat recovery as in figure (3-2). Medical waste is burned in incineration units under controlled conditions to yield ash and combustion gases. So combustion process is a complex combination of chemical reactions that involve the rapid oxidation of organic substances in the waste and in auxiliary fuels. Achieve complete combustion of the organic materials and destruction of pathogens in the waste while minimizing the formation and release of undesirable pollutants. How well the process approaches complete combustion is determined by temperature, time, turbulence, and mixing with oxygen. Minimum ignition temperature that must be attained or exceeded, in the presence of oxygen, for combustion to occur. Above that ignition temperature, heat is generated at a sufficient rate to sustain combustion. A waste containing high levels of moisture, one of the major objectives the goal of the process is to each organic substance in medical waste has a characteristic.
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Figure (‎3‑2): Schematic of major components of incinerator [8] 
3.2 Types of Medical Waste Incineration

The terminology used to describe hospital waste incinerators that has evolved over the years is quite varied. Most incineration systems installed before the early 1960's were "multiple-chamber" systems designed and constructed according to Incinerator Institute of America (IIA) standards. [8]
There are some basic types of MWI‘s as follow: This section first provides a brief overview of the general medical waste combustion process occurring in the MWI, and discusses the control of combustion air to the primary and secondary chambers. 
· Continuous–duty system [9]
The waste enters the primary chamber, where it is ignited as shown in figure (3-3). The moisture in the waste is evaporated, the volatile fraction is vaporized, and the fixed carbon remaining in the waste is combusted. The combustion air flow to the primary chamber may be set at a fixed rate or it may be varied based on primary chamber exit gas temperature to maintain a substoichiometric oxygen condition. The gases containing the volatile combustible materials from the primary chamber are directed to the secondary chamber. In the secondary chamber, the combustion air is regulated to provide an excess-air combustion condition and is introduced to the chamber in a manner that produces turbulence and promotes mixing of the combustion gases and combustion air. Combustion air is regulated using modulating combustion air dampers or fans that are activated based on the secondary chamber exit gas temperatures. Burning the combustion gases under conditions of high temperature, excess oxygen, and turbulence promotes complete combustion. 
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Figure (‎3‑3): schematic of continuous duty system [3]
The continuous-duty MWI has an operating cycle that can accommodate waste charging for an unrestricted length of time because ash is automatically discharged from the incinerator on a continuous basis. The unit can be automatically charged with relatively small charges at frequent, regulated time intervals. Available information indicates that nearly all of these units are used by commercial facilities, hospitals, and laboratories. These end-users tend to be facilities whose medical waste incineration requirements are continuous and do not allow for periodic shutdown of the units for ash removal. The primary chamber of continuous-duty MWI's may comprise a fixed-hearth, a rotary kiln, or a moving hearth such as a stoker. Their size and because of the need to move waste through the system effectively, most continuous-duty, fixed-hearth MWI's utilize stepped hearths. Figure (3-4) depicts a continuous-duty, stepped-hearth MWI with internal ash transfer rams. Figure (3-5) is a simplified schematic of a rotary kiln. The primary chamber is a rotating cylindrical chamber that is slightly inclined from the horizontal plane. Waste is fed at the higher end of the rotating chamber. For wastes other than medical wastes, combustion air provided to the primary chamber typically creates an excess-air atmosphere. However, a major manufacturer of rotary kilns used as MWI's reports that the airflow to the primary chamber in these kilns is substoichiometric. [10] 
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Figure (‎3‑4): Schematic of a continuous-duty medical waste incinerator with stepped hearth and automatic ash removal [10]
Inside the rotating chamber, moisture and volatiles are vaporized from the waste, and the waste is ignited. As the chamber rotates, the solids tumble within the chamber and slowly move down the incline toward the discharge end. Combustion of the solids occurs within the rotating chamber, and the residue ash is discharged from the end. The volatile gases pass from the primary chamber into the secondary chamber, where combustion of the gases is completed. [10]
Because the waste continuously moves down the length of the rotating chamber and ash is removed continuously, the incineration system is designed to operate with continuous waste feed input. Available information indicates that relatively few rotary kilns are being used as MWI's, and most of these are used under these conditions at hospitals.
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Figure (‎3‑5):  Schematic of rotary kiln medical waste incinerator [10]
· Intermittent-duty systems [9,11]
An intermittent-duty MWI typically has an operating cycle of less than 24 hours. The unit is designed to accept waste charges for durations of 8 to 16 hours, depending upon its size. Once ash builds up to a level that interferes with normal charging of the unit, the unit must be shut down and the ash removed. The intermittent charging procedure allows the daily charge to the MWI to be divided into a number of smaller charges that can be introduced over the combustion cycle. Every 6 to 15 minutes. Operating cycle for an intermittent-duty MWI. Waste is generally charged the following is a typical daily.
The burn down step indicates the period of time in the cycle during which no additional waste is charged to the incinerator, and the solid phase combustion of the waste bed is taking place in the primary chamber. The cool down step, the period during which the MWI is allowed to cool, occurs at the end of the operating cycle, after the burn down step and may or may not use forced air. Figure (3-6) shows A Schematic of an intermittent-duty MWI. This unit has a vertically oriented primary chamber followed by a horizontal secondary chamber. Intermittent-duty is used in hospitals, laboratories and research facilities, nursing homes, and veterinaries. 
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Figure (‎3‑6): Schematic of an intermittent-duty medical waste incinerator [3] 
· Batch-duty systems
In this type of system, the incinerator is charged with a single batch of waste, the waste is combusted, the incinerator is cooled, and the ash residue is removed; the cycle is then repeated. When the unit is loaded, the incinerator is sealed, and the incineration cycle then continues through burn down, cool down, and ash removal without any additional charging. Depending on the size of the batch MWI, batch units may operation a (1or 2) day cycle. Ash is removed either one day or two days after the initial batch charge of waste. The primary and secondary chambers are often vertically oriented and combined within a single casing. Figure (3-7) shows a schematic of a batch-duty MWI. This unit's combustion chambers are rectangular in design and are contained within the same casing. According to information obtained on batch-duty MI'S, nearly all these units are used at hospitals. [11]
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Figure (‎3‑7): Schematic of a single batch-duty medical waste incinerator [3]
· Pathological systems
Incinerators that burn only pathological wastes operate under excess-air conditions. Excess-air systems are better suited to the incineration of pathological wastes than red bag wastes because the volatile content of pathological waste is low, and, in general, the waste composition is not highly variable. The primary burner provides most of the heat input, and the incinerator operates in a steady, constant mode with regular, consistent combustion air input and excess-air level. There is a "dual mode" system that is designed to burn either pathological or no pathological (general medical) wastes. The dual mode feature is achieved through the use of a switch that controls the operation of the primary chamber burners and the combustion air blowers. In the pathological mode, the primary chamber burner cycle on and off more frequently (or remains on) to accommodate the combustion requirements of the pathological wastes with their lower Btu values. Because of the high moisture content of the pathological wastes, combustion cannot be sustained without using auxiliary fuel. The air supply required to operate the burner and the relatively small amount of combustible gases generated from the waste result in an excess air condition in the primary chamber. In the no pathological mode, the primary burner is turned off because the waste provides its own fuel. In this mode the under-fire combustion air levels are set to maintain a substoichiometric condition in the primary chamber. [10] 
Pathological MWI's are typically designed for Intermittent-Duty operation; these units generally do not have automatic, continuous ash removal systems. Consequently, the Incinerator must be shut down at routine intervals (e.g., daily) for ash removal. Pathological systems are used at hospitals, nursing homes, research laboratories, and veterinaries. Waste in the past is the retort hearth system, being used to a limited extent only and can be characterized as an older, existing hospital incinerator. The principal design configuration for the unit is shown in Figure (3-8).
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Figure (‎3‑8): Retort hearth incinerator [10]
Combustion of the waste begins in the primary chamber. The waste is dried, ignited, and combusted by heat provided by a primary chamber burner, as well as by hot chamber walls and hearth that are heated by the flue gases. The combustion gases containing the volatiles pass out of the primary chamber through a flame port into a mixing chamber and then pass into the secondary chamber. Secondary air is added through the flame port and mixed with the combustion gas in the mixing chamber. A secondary burner is provided in the mixing chamber to maintain adequate temperatures for complete combustion as the gases pass into and through the secondary combustion chamber. Waste is fed manually or mechanically with single or multiple batches per burn. Ash is removed on a batch basis at the end of the burn. The retort design accommodates capacities under 230 kg/hr (500 lb/hr). [3]
3.3  Medical Waste Charging [3]
 Two basic types of systems are used to charge waste into MWI's: manual and mechanical. Manual charging involves feeding the waste directly into the primary chamber without any mechanical assistance. This charging system is generally used for batch-fed and small incinerator, intermittent-duty MWI's, including pathological systems. But automatic or mechanical waste charging equipment used for all continuous-duty models, including rotary kilns, and for most intermittent-duty MWI's with capacities larger than about 180 kg/hr, including pathological systems. Some pathological MWI's are fed through top loading mechanisms. Veterinary facilities, for instance, sometimes use this method of waste feeding when very large animal carcasses are involved as shown in figure (3-9).
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Figure (‎3‑9): Hopper ram mechanical waste feed system [12]
In this system, waste is manually placed into a charging hopper, and the hopper cover is closed. Isolating the hopper from the incinerator opens, and the ram moves forward to push the waste into the incinerator. The ram then reverses to a location behind the fire door. After the fire door closes, the ram retracts to the starting position and is ready to accept another charge. The charging frequency can be changed by adjusting the length of time between charges in the automatic sequence. The size of the hopper limits the volume of waste that can be fed in each charge; therefore, the size of the charge may be decreased by not filling the hopper to capacity.
In some facilities, mechanical loading equipment is used to deposit the waste material into the waste feeding systems. Containers may be lifted and dumped into the MWI charging hopper with no handling of the waste by the MWI operator. Automated, computer-controlled systems, the waste container are conveyed to a weighing platform. The container is automatically emptied into the feed chute. Controlled amounts of wastes are conveyed from the end of the feed chute to the ram hopper. The door isolating the hopper from the primary chamber is automatically opened at preset intervals, and the wastes are fed into the chamber. During the early stages of the automatic cycle, prior to charging, the wastes may be subjected to screening sensors to check for radioactivity levels in the waste.

3.4  Primary Chamber
A traditional design that has been used to burn medical waste in the past is the retort hearth system. The sizes and shapes of the primary chambers for each of the basic MWI systems vary. The primary chamber of the continuous-duty, rotary kiln is cylindrical in shape and is slightly inclined from the horizontal plane. The primary chamber on other MWI's may be cylindrical, square, or rectangular in shape and may be vertically or horizontally oriented. In all units, the chamber size is designed for a specified volume of waste with a particular Btu content. In intermittent-duty systems, the size of the primary chamber determines the total amount of waste that can be loaded and the amount of ash that can be accumulated without restricting the overall process. For continuous-duty units, the size of the primary chamber will impact the rate of charging and the quality of burnout.
 In the primary chamber, with the exception of pathological MWI’s, auxiliary burners are used only to ignite the waste. Once the waste has started to burn, the primary chamber auxiliary burners are rarely, if ever, needed again. Typically, the set point for these burners is about 430oC (800°F), so that if the chamber temperature falls below the set point, the burner comes on. The temperatures in the primary chamber are typically above 538°C (l000°F) for 30 minute to complete the combustion process, assuming the MWI is being properly charged with waste. In pathological MWI’s, the auxiliary burner usually stays on because the heating value of the pathological waste (2330 kJ/kg) is not high enough to sustain combustion and, therefore, requires additional heat from the burner for combustion. primary chambers of MWI‘s primarily as under fire air through air ports by a single forced-draft blower, Reduced or increased by adjusting control dampers. The air supply can be the speed of the fan. Typically consist of small holes, arranged at regular intervals, built into the floor of the hearth. If the hearth is rectangular or square, the ports typically will be arranged in a regular grid equally spaced or in a series of rows across the hearth. If the hearth is circular, the ports may be arranged in concentric circles or, if the unit is very small, in one circle. [3]
 In many systems, the primary chamber air systems are automatically, continuously controlled by regulating the amount of air supplied in order to maintain the desired combustion chamber temperatures, regardless of the variations in waste characteristics (e.g., moisture content, heating value). One or more thermocouples measure the temperature in the primary chamber. If the temperature is above the set point, the control feedback loop automatically adjusts (closes) the damper, limiting the air supply into the chamber, thereby reducing the rate of combustion and the thermal heat output. Conversely, if the temperature is below the set point, the damper is automatically adjusted (opened) to allow more air in to increase the temperature. In other systems, particularly batch or intermittent-duty systems, the combustion air level control is simplified and may consist of the automatic switching.
The primary chamber has burner sized in proportion to the capacity of the unit, predicted heat loss, refractory surface area or volume depending on the manufacturer. The primary burner provides most of the heat input, and the incinerator operates in a steady, constant mode with a regular, consistent combustion air input and excess-air level. The primary chamber burner are on and off more frequently (or remains on) to accommodate the combustion requirements of the pathological wastes with their lower Btu values. Because of the high moisture content of the pathological wastes, combustion cannot be sustained without using auxiliary fuel. Duty operation, these units generally do not have automatic, continuous ash removal systems. Consequently, the incinerator must be shut down at routine intervals (e.g., daily) for ash removal. Pathological systems are used at hospitals, nursing homes, research laboratories, and veterinaries. [3] 
3.5  Secondary Chamber [3,8]
A secondary burner is provided in the mixing, for complete combustion typically are above 1050 + 50oC for at least one (1) second to complete the combustion process as the gases pass into and through the secondary combustion chamber, So sufficient temperature in the secondary chamber is necessary to kill microorganisms entrained in the gas stream from the primary chamber. The secondary chamber is also equipped with appropriately sized burner and is refractory-lined.  The refractory lining in some cases extends up to and very near the top of the stack. The entire secondary volume up to this point may then be taken into account in the calculation of residence time, so long as the exit thermocouple is located at this point.  Sufficient secondary air and fuel are added in the secondary chamber to complete combustion. Chamber, the combustion air is regulated to provide an excess-air combustion condition and is introduced to the chamber in a manner that produces turbulence and promotes mixing of the combustion gases and combustion air. Combustion air is regulated using modulating combustion air dampers or fans that are activated based on the secondary chamber exit gas temperatures. The combustion gases under conditions of high temperature, excess oxygen, and turbulence promotes complete combustion. 

There are several variations in the configuration of secondary chambers. As with primary chambers, secondary chambers may be cylindrical, square, or rectangular, and they may be vertically or horizontally oriented. Although the secondary chamber of the rotary kiln is sometimes oriented horizontally, it is often vertically oriented to reduce carryover of entrained particulates. Usually cylindrical, but it can also have a box-like shape. And completely oxidize all the volatile gases generated in the primary chamber and to maintain sufficient combustion air so that excess oxygen is available. The volume of the secondary chamber is the key parameter influencing the residence time of the combustion gases. Incinerator is designed for a specified residence time and volumetric flow rate, the secondary chamber is sized accordingly. Some MWI's have a tertiary chamber that serves to increase the residence time of the combustion gases at high temperatures, so the tertiary chamber can be regarded as an extended secondary chamber.
The auxiliary fuel is designed to maintain set point temperatures, and they operate in conjunction with modulating air controls to maintain these temperatures in the secondary chamber. 
  In some units, fully modulating burners are used. All secondary chambers operate in an excess-air mode. The excess-air typically introduced into the secondary chamber through a flame port at right angles (or tangentially) to the incoming combustion gases from the primary chamber, thereby creating a turbulent zone that promotes mixing of the air and combustion gases. In some applications, combustion air is supplied to the secondary chamber in multiple locations.

3.6 Waste Heat Recovery Boiler 

     Gases leaving the secondary chamber are mixed with a continuous airflow in the afterburning chamber and held at a temperature of about (900-1000) °C by co-firing of natural gas. If the quantity of gas is too high the volume of fired natural gas will be reduced automatically. Combustion gases leaving the afterburning chamber are cooled in a downstream hot water boiler and routed to a flue gas cleaning system. The boiler converts water into steam. The steam can be used to produce electricity to run a hospital, homes or businesses.
3.7 Ash Removal 

Ash is removed either periodically or continuously, depending upon the operating mode of the MWI. Continuous ash removal, used for continuous-duty MWI’s, takes place while the incinerator is operating. Periodic ash removal is performed either manually or mechanically (typically on the morning after a burn) in units without continuous ash removal system. The ash pit section will have at least one clean-out door with insulated handles to facilitate removal of ash below the grates and will be adjustable to control combustion air through the grates. It is possible to have a mechanical ash removal system however this option would need to be specially requested and detailed by the supplier / contractor. [8]
3.8 Air Pollution Control [3,8,9]
    Medical waste incinerators are potentially significant sources of air pollutants. Pollutants of concern from hospital incinerators include particulate matter; toxic metals; toxic organics; carbon monoxide (CO); and the acid gases, hydrogen chloride (HCl), sulfur dioxide (SO2), and nitrous oxides (NO,). Emission rates of these pollutants can be limited by removing pollutant generating materials from the waste feed material, proper operation of the incinerator, and add-on pollution control equipment.

Flue gases from incinerators contain fly ash (particulates) composed of heavy metals, dioxins, furans, thermally resistant organic compounds, and gases such as nitrogen oxides, sulphur oxides, carbon oxides and hydrogen halides. The flue gases resulting from uncontrolled batch mode (no flue gas cleaning) will contain around 2000 ng TEQ/m³.
The pollutants emitted from MWI's include metals; organics, including CO; and the acid gases HCL, SO2, and NO. These pollutants exist in the waste feed material or are formed in the combustion process, but the primary point of emissions release is the combustion stack. Because of the high temperatures typically encountered and because of the turbulent conditions and adequate residence time in MI'S, pathogens are expected to be completely destroyed in the combustion process.
The following flue gas cleaning measures have to be combined in a suitable manner to ensure the application of BAT:

· Separation of dust and non-volatile heavy metals: Fabric filters, electrostatic precipitators and fine wet scrubbers are used for dust separation. Precleaning of flue gases can be done with cyclones, which are efficient for separation of larger particles.

· HCl, HF, SO2 and Hg removal: The removal of acid components and Hg can be reached by different dry or wet adsorption methods (adsorption on activated coke or lime) as well as by scrubbing (1- or 2-stage wet scrubbing).

· NOx removal: Primary measures consist in the use of low-NOx burners, staged combustion and recirculation of the flue gas, secondary measures are SNCR and SCR.

· The reduction of organic emissions and PCDD/F can be performed by primary measures (such as limitation of the de-novo synthesis, optimized combustion) and secondary measures like dust separation, activated coke filter, flow injection with activated coke/furnace coke and lime hydrate, catalytic oxidation. A minimum of two clean-out doors with frames of heavy cast iron will be provided. Refractory lined doors, each having an adequate free opening to permit easy access will be used, one for cleaning out the furnace and one for settling the chamber. 
The following flue gas cleaning systems have to be a suitable for incineration gases: 
3.8.1 Acid gas removal techniques

1. Wet scrubbers have the highest removal efficiencies for soluble acid gases among the demonstrated techniques.

2. Pre-dedusting of the gas stream may be necessary to prevent clogging of the scrubber, unless scrubber capacity is sufficiently large.

3. The use of carbon-impregnated materials, activated carbon, or coke in scrubber packing materials can achieve a 70% reduction in PCDD/PCDF across the scrubber (European Commission) but this may not be reflected in overall releases.

4. Spray dryers (semi-wet scrubbing) also provide high removal efficiencies and have the advantage of not requiring subsequent effluent treatment. In addition to the alkaline reagents added for acid gas removal, activated carbon injection is also effective in removing PCDD/PCDF as well as mercury. Spray dry scrubbing systems also typically achieve 93% SO2 and 98% HCl control.

5. Spray dryers, as noted above, are often deployed upstream of fabric filters. The filters provide for capture of the reagents and reaction products as well as offering an additional reactive surface on the filter cake.

6. Dry scrubbing systems cannot reach the efficiency of wet or semi-wet (spray dry) scrubbers without significantly increasing the amount of reagent/sorbet. Increased reagent use adds to the volume of fly ash.
3.8.2 Bottom and boiler ash treatment techniques
Bottom ash from incinerators designed and operated according to BAT tends to have a very low content of chemicals, in the same order of magnitude as background concentrations in urban soils (i.e., < (0.001–0.01)ng PCDD/PCDF/g ash). Boiler ash levels tend to be higher ((0.02–0.5)ng PCDD/PCDF/g ash) but both well below the average concentrations found in fly ash (European Commission).
Because of the differences in pollutant concentration, the mixing of bottom ash with fly ash will contaminate the former and is forbidden in many countries to avoid that limit values for certain types of landfills are only met by dilution. Separate collection and storage of these residues provides operators with more options for disposal. 

Pollution prevention measures, including source reduction, re-use, recycling, and separation prior to incineration have been effective at controlling mercury from these facilities. These practices are currently being employed to a large degree, and this is a major reason emissions from this sector are so low in New Jersey. Mercury sources in medical waste could include batteries, fluorescent lamps, thermometers, plastic pigments, antiseptics, diuretics, infectious waste bag pigments and CAT scan paper. 
3.9  Characterization of Essions
      There are two types of PM: inerts (ash) and products of incomplete combustion (soot). The noncombustible portion of the waste feed represents those materials that will not burn under any conditions in the incinerator. Emissions of noncombustible materials result from the suspension or entrainment of ash by the combustion air added to the primary chamber of the incinerator.

The more air added, the more likely that noncombustible will become entrained in the primary chamber and be emitted with the flue gas. While entrainment is the primary mechanism for ash PM emissions, soot formation also plays a role in PM emissions. Soot, which is primarily elemental carbon, is a product of incomplete combustion.

Metal emissions depend upon the characteristics of the feed material. instruments or utensils; in plastics, paper, pigments, and inks; or as discarded heavy metals used in laboratories. Trace metals present in medical waste materials include lead, cadmium, mercury, chromium, antimony, arsenic, barium, beryllium, nickel, silver, and thallium. Emissions of these metals are generated during the combustion process as a consequence of entrainment or volatilization. Unlike organic constituents, metals are not "destroyed" during the combustion process. Rather, they are distributed or partitioned among the incinerator effluent streams. As a result of this partitioning effect, metal constituents can leave the primary chamber as bottom ash or in the combustion gas. [9]
Complete combustion of organic materials results in the formation of water (H2O) and carbon dioxide (CO2). The concentration of CO in the incinerator exhaust gas stream is an indicator of the combustion efficiency of the unit and is primarily related to gas-phase combustion conditions in the secondary chamber. The formation, generation, and emissions of all of the pollutants depend upon either the availability of certain materials in the waste feed (i.e., waste characteristics) or on the efficiency of the combustion process. Factors involved in combustion process efficiency include MWI system design, operating parameters, startup and shutdown procedures, proper training of the operators, and how well the system has been maintained. Waste characteristics can affect combustion efficiency and pollutant formation. The chemical composition of the waste materials is an important factor in generating emissions. The presences of metals, halogenated materials, and sulfur in the waste feed increases the potential for emissions of PM, metals, organics, SO2, and HCL. Complete combustion of combustible material requires proper control of feed charging procedures, temperatures, excess air, turbulence, mixing, and residence time. Because of the variability of the physical properties of medical wastes, incinerator operating parameters need to be adjusted to match the composition of the waste in order to maximize combustion efficiency. 
In general, increased temperatures and excess air rates, good mixing, and longer residence times in the secondary chamber result in improved combustion efficiency and lower emissions of PM, toxic organics, and CO. Temperatures in the primary chamber must be high enough to sustain combustion and to generate sufficient volatile combustion gases. Residence times in the secondary chamber have an impact on emissions. Organic materials present in the medical waste material must be exposed to optimum temperatures long enough to ensure their complete combustion. [3]
3.10 Bypass stack

An emergency bypass stack is typically added to an MWI when a waste heat boiler (or an air pollution control system) is included as part of the system. Because a waste heat boiler causes a resistance (blockage to airflow) in the system if the induced draft fan stops, pressure can build up in the incinerator if the hot gases cannot escape quickly enough. The bypass stack is added to allow a route for the hot gases to escape should the fan fail. In other words, it allows the incinerator to go back to a natural draft system. The bypass stack is also used in cases where the boiler must be bypassed for safety reasons or operational upset conditions (e.g., loss of water flow to the boiler, causing heat buildup). Another purpose of the bypass stack is to protect the air pollution control device when a system malfunction could result in damage to the device. The combustion gases can be routed through the bypass stack to avoid contact with the control device in these cases.

The bypass stack usually contains a damper valve to control direction of the gas flow or a cap on top of the stack to prevent air from being pulled into the system when the fan is operating. If the bypass must be activated, the damper or cap is opened automatically by some type of sensor; for example, if the fan speed falls below a preset level, the bypass opens. [3] 
3.11 Stack (Chimney)

     The incinerator will be suitable for top outlet stack. The refractory lined stack will be designed to provide natural draft evacuation of all combustion gases to atmosphere in case of electrical power failure. It will maintain a negative pressure in the ignition chamber.

A self-supporting stack above the grate line with an inside diameter suitable for the combustion rate will be provided. The enclosure steel work adjacent to the incinerator may be suitably braced to support the discharge stack if necessary.

The stack will terminate at least 8 meters from the ground and must terminate above the level of the plant room building roof. It will be designed, erected and commissioned in accordance with good practice. A suitable spark screen will be provided on top of the incinerator stack. The minimum spark screen height will be 1.5 times the outside diameter of the stack. This is required in the event of an emergency bypass of gases to the chimney. The incinerator and stack will be finished with two coats of high heat resistant silver paint having been sandblasted, brushed, cleaned and primed with a suitable primer. This chimney must provide with oxygen and CO monitor which will give the operator about the efficiency of the combustion and if the air cleaning system is working or not. 
3.12  Conclusion

· Incineration is an important method for the treatment and decontamination of medical and health-care waste.

· Medical waste must be burned in incineration units under controlled conditions to yield ash and combustion gases.

· The heat recovery systems may be attached with medical waste incineration to provide economic benefits.
· All incineration units consist from two burning chambers with high variety in its capacities. 

· Ash can be removed either periodically or continuously, depending upon the operating mode of the MWI.

· The incinerator will be suitable for top outlet stack, to remove all gases from the incineration process.
Chapter 4 DESIGN OF SYSTEM COMPONENT 
      In the third chapter we know the standard compositions of the incinerator that used in the waste incinerators, but each incinerator has different limitation, capacity, conditions, and materials.

In this chapter we make more details in the system components design (mechanically or thermally design). 

4.1 Introduction

     To design either to formulate a plan for satisfaction of a specified need or to solve a problem. If the plan results in the creation of something having a physical reality, then the product must be functional, safe, reliable, competitive, usable, manufacturable, and marketable. In any design there is no ideal solution, but there is usually more one solution, and distinguishing among them to choose the best may require the ability to handle a large number of solutions without being over-whelmed. Design is an innovative and highly iterative process. It is also decision-making. 

The decision-making processes are common to all disciplines in the field in engineering design not only in mechanical or thermal design. To complete the design processes, the designer must take in his mind some design consideration. In this mechanical and thermal design, sometime the strength required of an element in a system is an important factor in the determination of the geometry and the dimensions of the element. On other situation the cost is also an important factor. Design consideration referring to some characteristics that influence on the decision making such as strength, thermal properties, manufacturability, safety, volume (size), shape, and cost. In this system there is no one important consideration and other is not important but some consideration used for the recommended criteria in thermal or environmental effect. 
4.2 Primary Chamber Design
As we see in section 3.4, the primary chamber will design according to incinerator capacity.
The capacity of the incinerator that will suitable for generated quantity of medical waste in Nablus city was 150Kg/hr.

C = Maximum Design Waste Burning Capacity = 150Kg/hr.

But we know from section 3.4 that medical waste need to reside in the primary chamber about 30 minute, to complete the incineration process. 

So the incinerator will feed twice time every hour, and the density of medical waste estimate to be 75 kg/m3. [24]
Primary Chamber Volume = Pv = (density of waste)/ (mass of waste) +tolerance volume.

Pv = (75)/ (75) + 0.5.

Pv = 1.5 (m3).

From section 3.4, the temperatures in the primary chamber are typically above 538°C (l000°F) for 30 minute to complete the combustion process.

Construction of primary chamber
The shape of the primary chamber will be a square box with volume 1.5 m3, which will constructed from following components:

· Four metal sheets from Mild steel fabricated with dimension (1.5X1X0.008) m.

· Two metal sheets from Mild steel fabricated with dimension (1 X1X0.008) m.

· Four metal sheets from steel with dimension (1.6X1.1X0.006) m.

· Two metal sheets from steel with dimension (1.1X1.1X0.006) m.

· Insulation material (Mineral wool) for 7 cm.

The figure (4-1) will show the composition of the sample wall:
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Figure (‎4‑1): Composition of the primary chamber wall
For ash removal purpose and to supply the chamber with, the small holes arranged at regular intervals, built into the floor of the hearth. But with small diameter (3cm), for 0.75X0.75 m, region as shown in figure (4-2). 
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Figure (‎4‑2): The floor of primary chamber 

Gate of primary chamber
The dimension of front gate for the primary chamber will be (0.5X0.75) m, as shown in figure (4-3).
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Figure (‎4‑3): The gate of primary chamber
Burner of primary chamber

The primary chamber has burner sized in proportion to the capacity of the unit. The primary burner provides most of the heat input, and the incinerator operates in a steady, constant mode with a regular. Since the primary chamber burner are on and off more frequently (or remains on) to accommodate the combustion requirements of the pathological wastes with their lower Btu values. The chosen process for the burner will be difficultly to calculate, but from the some company experiment about the size of the primary burner with thermal power 100,000 Kkal/hr [27] for the medical waste incinerator that have the same size and approximately with same composition of medical waste. The chosen process for designer is not easy method, but we will choose the burner according to its thermal capacity, and its fuel consuming. 

The suitable oil-fired burners are Riello (40-Series F3-F20) which are built for maximum uptime. It has high-efficiency oil burners not only deliver low energy consumption and quiet, worry-free performance, they're the most reliable combustion technology on the market. These burners used an automatic package completed with electric ignition and flame failure control complete with all necessary valves, motor and integral continuous running fan. Automatically temperatures controlled (adjustable need temperature) to provide optimum combustion temperature. 

Riello 40-Series oil-fired burners are available in seven models with firing rates from 0.5 to 6.4 US GPH, as in figure (4-4). 
	 [image: image17.jpg]



	40-Series F3 - F20
On-Off • 0.5 - 6.4 GPH


Figure (‎4‑4): 40-Series oil burner [28] 

According to the required thermal capacity for the primary burner which 100,000 Kkal/hr or 116 KW/hr, so the suitable one is Riello (40-Series F10) which has thermal capacity 120 KW/hr, with following specifications as in table (4-1).

Table (‎4‑1): Primary burner specifications [28]

	Model
	F10

	Firing
	GPH
	2.95

	Rates
	Btuh x 1,000
	413

	 
	kW/hr
	120

	Usable Heating Oil
	(Optional pump required for kerosene)

	Motor Ratings
	120v 60 Hz, 3250 rpm

	
	2.2amp

	Pump Pressure-Range
	121 - 200 psi


4.3 Secondary Chamber Design
The secondary chamber is also equipped with appropriately sized, burner size and is refractory-lined.  For complete combustion typically are above 1050 + 50oC for at least one (1) second to complete the combustion process as the gases pass into and through the secondary combustion chamber. 

There are several variations in the configuration of secondary chambers; from design sense the suitable shape for secondary chamber will be cylindrical chamber as shown in figure (4-5). 
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Figure (‎4‑5): Secondary chamber (cylindrical)
The recommend value for speed of the flue in the secondary chamber will be about 5m/s. and with assumptions the secondary diameter 1m. [3]
Since the speed of the flue = distance / time.

Distance = speed*time = 5*1= 5m.

So the length of the secondary chamber will be 5 meter.

Volume flow rate for the flue = Area*speed = (*d2/4*speed.

V'= (*(12/4)*5 = 3.927 m3/s.

Construction of Secondary chamber

The shape of the primary chamber will be a cylinder with volume 5 m3, which will constructed from following components:

· Metal sheets from Mild steel fabricated with dimension (3.14X5X0.004) m.

· Metal sheets from steel with dimension (3.37X5X0.004) m.

· Insulation material (Mineral wool) for 7 cm.

The following figure (4-6) will show the composition of the sample wall:
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Figure (‎4‑6): Composition of the secondary chamber wall
Burner of secondary chamber
The Secondary chamber has burner sized in proportion to the Flow rate of the flue. The Secondary burner provides most of the heat input to complete the gas combustions. Since the secondary chamber burner are on and off more frequently (or remains on) to accommodate the complete combustion requirements of the flue gases. The chosen process for the burner will be difficultly to calculate. But from the some company experiment about the size of the secondary burner with thermal power 200,000 Kkal/hr.[27] for the medical waste incinerator that have the same size and approximately with same composition of medical waste. The chosen process for designer is not easy method, but we will choose the burner according to its thermal capacity, and its fuel consuming. 

The suitable oil-fired burners are Riello (40-Series F3-F20) which are built for maximum uptime. It has high-efficiency oil burners not only deliver low energy consumption and quiet, worry-free performance, they're the most reliable combustion technology on the market. These burners used an automatic package completed with electric ignition and flame failure control complete with all necessary valves, motor and integral continuous running fan. Automatically temperatures controlled (adjustable need temperature) to provide optimum combustion temperature.

Riello 40-Series oil-fired burners are available in seven models with firing rates from 0.5 to 6.4 US GPH, as in figure (4-7). 
	 [image: image20.jpg]
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Figure (‎4‑7): 40-Series oil burner [28]
According to the required thermal capacity for the secondary burner which 200,000 Kkal/hr or 232 KW/hr, so the suitable one is Riello (40-Series F15) which has thermal capacity 236 KW/hr, with following specifications as in table (4-2).

Table (‎4‑2): Secondary burner specifications [28]

	Model
	F15

	Firing
	GPH
	5.75

	Rates
	Btuh x 1,000
	805

	 
	kW/hr
	236

	Usable Heating Oil
	(Optional pump required for kerosene)

	Motor Ratings
	120v 60 Hz, 3250 rpm

	
	4.3amp

	Pump Pressure-Range
	121 - 200 psi


The best position for the burner will be at the beginning of secondary chamber and the flame of the burner will be in the same direction of flue gas that enter from the primary chamber as in figure (4-8): 
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Figure (‎4‑8): Secondary chamber with suitable burner 

4.4 Boiler (Heat Exchanger) Design
Heat exchangers are often given specific names to reflect the specific application for which they are used. But in heat recovery system the heat exchanger used called boiler in which one of fluids adsorbs heat and vaporizes. In the heat transfer science the most used type of heat exchanger are the Shell-and–tube arrangement as shown in figure (4-9), typical shell and tube exchanger as used in the process industry.   


[image: image22]
Figure (‎4‑9): Shell & tube heat exchanger [19]
One fluid flow on the side of the tubes, while the other fluid is forced through the shell and over the outside of the tubes. Shell and tube heat exchanger may also be employed in miniature form for specialized applications in biotechnology fields. Such as an exchanger with Shell-side flow constructions as in figure (4-10): [15]
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Figure (‎4‑10): Shell-side flow [19]
Types of heat exchangers [15]
· Air Cooled

· Double Pipe

· Spiral Plate and Tube

· Shell and Tube

Heat exchanger Design consideration [15]
The proper selection or design of heat exchanger depends on:

Heat transfer rate: this is the most an important quantity in the selection or design of a heat exchanger, this exchanger should be capable to transferring heat at specified rate in order to achieve the desired temperature change.  

Cost: the heat exchanger cost is critical point in design or selection, because it has budgetary limitations, but some time the low money is not objective.

Type: the type of the heat exchanger to be selected depends on the type of fluid involved the size and weight limitation and the presence of any phase change processes. For example, heat exchanger is suitable for to cool a liquid by a gas if the surface area on the gas side is many times that on the liquid side. But on other hand the Shell-and-tube is very suitable for cooling a fluid by another fluid

Materials: the materials used in the construction of the heat exchanger may be an important and structural stress effect need not to be considered at pressure below 15atm or temperature below 150oC. 

Heat exchanger pipe Design
In this heat exchanger, which used for flue (gases & air) to water heat exchanger, there are several input and assumptions for design as follows:
· The type of heat exchanger in this system is shell-tube heat exchanger (Parallel flow).

· From section 3.4, The Intel temperature for flue considered to be 900oC, and the outlet temperature need to be 200oC. 

· The Intel temperature for cold water considered to be 27oC, the outlet is considered to be steam at 100oC.

·  From section 4.3, the mass flow rate for the flue gas is 1.067Kg/s.

· We assume to use properties for flue as in company that produce an incinerator, the density of the flue at average temperature (flue= 0.272Kg/s, and it specific heat for flue Cpflue=1.09KJ/kg.C. [27]
· The wall thickness for the heat exchanger pipe x= 0.002m.

· The internal heat convection coefficient hi= 800W/m2.oC, and the external heat convection coefficient ho= 1200 W/m2.oC. [15]
· The wall is steel with thermal conductivity K=15.1W/m.oC. [15]
· Enthalpy of vaporizations of the water at temperature 100oC, hfg=2257KJ/kg. [15]
· The specific heat for water at average temperature Taverge = (Tout+Tin)/2 = 63.5oC Cpwater =4.186KJ/kg.C. [15]
The following schematic illustrate the heat exchanger input and output as in figure (4-11):
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Figure (‎4‑11): Simplified process flow diagram
The heat transfer from the flue gas can be calculated as in equation (4-1) below: 
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Where:

Qflue: heat value of the flue gas (KW).

mflue': the mass floe rate of the flue gas (Kg/s). 

           Tin: the inlet temperature of the flue gas (oC). 

           Tout: the outlet temperature of the flue gas (oC).

Qflue= 1.067*1090*(900-200) → Qflue= 814 KW.  

 By using the theoretical correction fouling factors, FT has been derived between (0.95-0.9).
The capacity of the boiler (heat exchanger):

Q= FT* Qflue → Q = 0.9*814.

Q = 732 KW.                                                 
The logarithmic means temperature difference (Tm (LMTD) is calculated from equation (4-2) below:
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                                                           (4-2) [15]
Where:

(T1= (Th,i – Tc,o).

(T2= (Th,o – Tc,i).

Th,i: The inlet temperature of the hot flue gases (oC).

Th,o: The outlet temperature of the hot flue gases (oC).
Tc,i: The inlet temperature of the cold water (oC).

Tc,o: The outlet temperature of the cold water (oC).
Note that the hot fluid is the flue, and the cold fluid is the water.

With the following value:

Th,i = 900oC,  Th,o =200oC,  Tc,i = 27oC,  Tc,o =100oC.

 (T1= (900 – 100) = 800oC.

 (T2= (200– 27) =173oC.
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The heat transfer in the heat exchanger from the hot flue to the water calculated using equation (4-3) below:

Q= U*As*(Tm                                                                    (4-3) [15]
Where:

U: the overall heat transfer coefficient.

As: the heat transfer area (surface area for the heat exchanger) m2.

           (Tm: An appropriate average temperatures difference between two fluids                                   

But the overall heat transfer coefficient can be calculated from equation (4-4) as below:

U= 
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Where:

hi: The internal heat convection coefficient W/m2.oC.

ho: The external heat convection coefficient W/m2.oC.

           Rwall: The thermal resistance for the pipe of heat exchanger W/m2.oC.

Since the pipe wall thickness is very small the Rwall can be neglected.

The overall heat coefficient U =  
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To complete the design of the heat exchanger, the surface area can be calculated by arrangement equation (4-3):

As=
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→ As = 3.67m2.

The surface are can be calculated as in equation (4-5) as below:

As = (*D*N*L                                                                   (4-5) [15]
Where:

As: Surface are of the heat exchanger (m2). 

D: Diameter of the heat exchanger pipe (m). 

           L: Length of the pipes (m).

           N: Number of the pipes.
Table (‎4‑3):  Boiler Pipes
	Diameter
(m)&(in)
	length
(m)
	Number 
of pipe

	0.0191
	3/4"
	1
	62

	0.0254
	1"
	1
	46

	0.0317
	1.25"
	1
	37


For the heat exchanger especially in boiler type which used to produce a steam, the mass of the steam or rate of vaporizations can be calculated using equation (4-6):
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Where:

Q: rate of heat transfer {boiler capacity} (KW).

ms': Mass flow rate of vaporizations (Kg/s). 

hfg: Enthalpy of vaporizations of the water (KJ/kg). 
Cp: the specific heat for the water at an average temperature (KJ/kg.oC). 

(T: the temperature difference between input and output water (oC). 
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Construction of Heat exchanger (Boiler): 

Since the type of heat exchanger chosen to be shell-and-tube, and its characteristics of it was tabulate as in table (4-4).

So it the heat exchanger will constructed from following components as in figure (4-12), but with single long pipes, with suitable arrangements for pipe:

· Metal sheets from steel with dimension (0.68X1X0.004) mm.

· Insulation material (Mineral wool) for 5 cm.

· Steel pipe with external diameter D= 3/4", with length 1m.

Table (‎4‑4): Boiler Parameter
	Heat exchanger 

	Type
	shell-and-tube

	Q
	732 KW

	U
	480 W/m2.oC 

	((m
	415.6oC

	As
	3.67m2

	Dpipe
	3/4"

	Npipe
	61 pipe

	Lpipe
	1m

	mflue'
	1.067 Kg/s

	msteam'
	1000 Kg/hr

	DH.E
	8.75"
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Figure (‎4‑12): Suitable arrangements for pipe in heat exchanger (all dimension in inch)
In the shell-and-tube heat exchanger pattern is further complicated by fact that shell-side flow is not simply in one direction. Baffles are used in the shell to direct the flow across the tube, to increase the fluid velocity and improve the rate of heat transfer. In this case; we used segmental baffles. The optimum spacing between the baffles will normally be 0.2 of shell diameter. Baffles are installed in the shell to direct the flow back and forth across the tube as in figure (4-13). [19]
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Figure (‎4‑13):  Shell–side flow in shell–and-tube heat exchanger with baffles [19]
. 

Feed of Cold water to (Boiler): 
The cold water that supplied to heat exchanger (boiler) at temperature 27oC, called feed water. But this water operated in closes system, which circulated using pump with flow rate 0.2824kg/s or (1000kg/hr).
After this water converted to steam at temperature 100oC, it used to evaporate the cold water in other heat exchanger (evaporator), which operates in open system as in chapter five. The water of the first close system will cooled in the evaporator, and then returns to be pumped to another as in figure (4-14). 
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Figure ‎4‑14):  Schematics diagram for feeding water in heat recovery system
4.5 Chimney Design
   Chimney or stacks are used to direct gaseous combustion product to an elevated location above the surrounding building. The highest of the chimney directly influence the production of draft. Draft of the chimney causes flow of air through the chamber of incinerator and up to the chimney outlet. This effect occurs when the density of the hot flue gases inside the chimney near its base is lower than that the outside ambient air.   On winter days, the lower outside temperature causes a higher air pressure at the ground level of the outside surface of the chimney. Buoyancy of the hot flues gases inside the chimney causes an upward flow. The theoretical pressure deference between inside and outside of the chimney, which causes the upward flow is given by the equation (4-7): 

(P= 
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Where:

(P: Pressure difference between inside and outside of the chimney (Pa).

(flue: The density of the inside hot flue gases (Kg/m3).

(air: The density of the outside cold air (Kg/m3).

g: The acceleration of gravity (9.81m/s2).

H: The highest of the chimney (m).

The required draft fan depends on the result of the following equations: 
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Where:

(P: Pressure difference between inside and outside of the chimney (Pa).

(Pfitting: Pressure difference due to the fitting of the components (Pa).

(Pfriction: Pressure difference due to the friction (Pa).

(flue: The density of the inside hot flue gases (Kg/m3).

g: The acceleration of gravity (9.81m/s2).

v: The flue gases upward velocity (m/s).

f: Friction factor.
K: The friction factor for the fittings.

If the equation (4-8) is satisfied, then, there is need to use a fan.

But anyway since there is difference in pressure which is enough to overcome the pressure head loss due to the fitting and friction, a fan is not important or needed. Otherwise, the draft needed.  

 In this system, because it need to maintain the volume flow rate of in system to specific value as achieved in sections 4.3 & 4.4, we need to use draft fan to achieved the target volume flow rate then  to overcome the pressure head loses due to the fitting and frication in all the components of the system.   

The chimney highest can be considered to be H= 10m, according to the chimney design considerations in incinerators manufacturing company. And this highest provide a sufficient draft with using draft fan.

The chimney cross section area, Ac can be calculated using equation (4-11): 
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Where:

Ac: The cross sectional area of the chimney (m2).

V.: the volume flow rate of the flue gases at chimney (m3/s).

v: The recommended velocity of the gases flue at chimney (m/s).

In this system the volume flow rate of the flues gases at the chimney V. = 3.927 (m3/s), and we assume the recommend velocity for the flue at the chimney is (12-15) m/s because of using the draft fan to draft the flue. 
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The chimney diameter can be calculated from the following equation (4-12): 
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→ D= 57cm.

The chimney diameter should be made at least 60cm, which will construct form the mild steel with thickness 2mm which withstand temperature to 300oC, as show in figure (4-15).
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Figure (‎4‑15): Chimney
4.6 Draft fan design
The location of the draft fan in this system chosen to be under the chimney, as shown in figure (4-16): 
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Figure (‎4‑16): Location of the draft fan
 In order to choose the suitable draft fan for this system, we take some parameters that used for selection process as:

The volume flow rate for this fan V. =3.927(m/s3) →V.( 4(m3/s). Operated at temperature T= 200oC.  With diameter D=60cm (diameter of the chimney) drop for this fan. 
The chosen process for designer is not easy method, but we will choose the draft fan   according to its volume flow rate, and its operating pressure.  

The suitable draft fan is Nicotra (RDA-Series K, K1, K2, L-R) which are built for maximum uptime. It has high-efficiency centrifugal fans not only deliver low energy consumption and quiet, worry-free performance, they're the most reliable fans technology on the market. 
Nicotra RDA-Series fans which operating at high temperatures is available in four models with high range of flow rates from 0.1 to 50 m3/s, as in figure (4-17). 
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	RDA-Series K, K1, K2, L-R 
 • 0.1 - 50 m3/s
 • (-20) - 300 oC


Figure (‎4‑17): Centrifugal fan [29] 

According to the required Volume flow rate to maintain for best incineration which 4 m3/s or 14400 m3/hr, so the suitable one is Nicotra (40-Series K - RDA630) which has flow rate 4 m3/s, with following specifications as in table (4-5).

Table (‎4‑5): Draft fan specifications [29]
	Model
	RDA

	Volume flow rate 

m3/s
	4

	 Power consuming

kW
	6

	Fan Rating

rpm
	1600

	Pressure-Range
N/m2
	2000 

	Fan (wheel) Diameter
cm
	63


To see if the head pressure of this fan will be overcome the air (flue gases) in this system, we take that total length for the air flow L= 13m, Dsmall = 20Cm, vhigh= 127m/s, (flue at normal Temperature = 1Kg/s, f= 0.015. Temperature, but we make estimation for fitting L = 13*2= 26.
Then using equation (4-10):
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  = 1600N/m2.

From the last pressure drop which is less than the pressure of the fans, knowing that we considered that the flue gas density is larger than its real value, so the fan chosen is on safe side. 
4.7 Other components in the system
In this system there are some of components need design, it is secondary component in this system but it's an important component to design complete system as following components:

The small component that will connect between two chambers, this components are chooses to be a cylindrical pipe. This pipe has diameter about 50cm with high about 30cm, this pipe are constructed from mild steel with insulated with mineral wool with suitable thickness.

The pipe that connects between the secondary chamber and heat exchanger; chose to be pipe with diameter about 50cm and constructed from mild steel, to maintain suitable speed which it 20m/s. speed. This pipe insulated with suitable thickness insulation as in secondary chamber. 

Other component used in primary chamber for ash collection so this packet will be as part from tetrahedral conical as in following figure (4-18):  
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Figure (‎4‑18): Primary chamber with ash collocations pocket
4.8 Insulation design for the system components
In chapter three, we see that the incinerator and boiler will operate at high elevated temperature, and this system will operate in cool environment comparing with the temperature of system components. 

We know that adding more insulation to a wall or to the attic always decreases the heat transfer. The more thickness of insulation will result to lower heat transfer rate (heat loss). This is expected, because adding insulation always increases the thermal resistance of the wall without increasing the convection resistance. 

In this system we need to add insulation to a cylindrical pipe such as (secondary chamber or others pipe in this system), for this purpose the lasts compositions of the primary chamber and secondary chamber contain a insulation materials, the type of this materials used was mineral wool which has low thermal conductivity K= 0.046W/m.oC .

In the primary chamber the insulation materials will decrease the heat losses but can not reach to zero heat transfer corroding following calculation: 

· From section 3.4, the average temperature in the primary chamber is typically 538°C to complete the combustion process.

· The outside temperature or ambient space temperature Tout= 25oC. 

· The wall thickness for the primary chamber obvious in figure (4-1).

· The external heat convection coefficient ho= 5 W/m2.oC. [15]
· From section 4.2, the wall is mild steel with thermal conductivity K=14.9W/m.oC.[15]
· The thermal conductivity for the insulation materials is mineral wool is K=0.046W/m.oC.  [15]
The wall of primary chamber represented as thermal resistance as in figure (4-19) below: 


[image: image50.emf]Tin 

538C

R conv R steel(1)

R insu

R steel (2)

Tout 

20C


Figure (‎4‑19): Schematics for the thermal resistance for primary wall
The heat transfer from the primary chamber to outside can be calculated using equation (4-13) below:

Q= 
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Where:

Q: Heat transfer or Heat losses (W).  

Rtotal: The total thermal resistance (oC/W).

           Tin: the internal temperature (oC).

           Tout: the ambient space temperature (oC).

But the total resistance can be calculated from equation (4-14) as below:

Rtotal= 
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Where:

Rtotal: The total thermal resistance (oC/W).

           ho: The external heat convection coefficient (W/m2.oC).
           A: Surface area for the layer of the wall (m2).

          L: The thickness for the layer of the wall (m).

          K: The thermal conductivity for layer materials (W/m.oC).
When we applied on the last equation using the properties of the walls.
Rtotal=
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Rtotal=1.72 oC/W.

Not that: the area for all layer assumed to be equal (1*1) m2.

So the heat transfer from the 4-walls is:

Q= 
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 But there is two surfaces which are floor and the roof of the chamber which its surface area is difference from the wall surface area A (floor or top) = (1*1.5) m2.                                                             
When we applied on the last equation using the properties of the floor or roof.
Rtotal=
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Rtotal=1. 2 oC/W.

Not that: the area for all layer assumed to be equal (1*1.5) m2, and the heat transfer from the all surface.

So the heat transfer from the floor and roof is:

Q= 
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     = 0.86 KW.

Total heat transfer from the primary chamber Qtotal =1.2+0.86 

Qtotal =2.06 KW.
In the secondary chamber the insulation materials will decrease the heat losses but can not reach to zero heat transfer corroding following calculation: 

· From section 4.3, the average temperature in the secondary chamber is typically 900°C to complete the combustion process.

· The outside temperature or ambient space temperature Tout= 25oC. 

· The wall thickness for the secondary chamber obvious in figure (4-6).

· The external heat convection coefficient ho= 5 W/m2.oC. [15]
· From section 4.3, the wall is mild steel with thermal conductivity K=14.9W/m.oC.[15]
· The thermal conductivity for the insulation materials is mineral wool is K=0.046W/m.oC. [15]
The wall of secondary chamber represented as thermal resistance as in figure (4-20) below: 
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Figure (‎4‑20): Schematics for the thermal resistance for secondary wall
The heat transfer from the secondary chamber to outside can be calculated using equation (4-13):
But the total resistance can be calculated from equation (4-15) as below:

Rtotal= 
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Where:

Rtotal: The total thermal resistance (oC/W).

           ho: The external heat convection coefficient (W/m2.oC).
          l: The length of the pipe (m).

          K: The thermal conductivity for layer materials (W/m.oC).
When we applied on the last equation using the properties of the walls:
Rtotal=     
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Rtotal=0.103 oC/W.

So the heat transfer from the secondary chamber is:

Q= 
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     = 8.54 KW.

In the other incinerator component, it must be insulated with mineral wool as in primary or secondary chamber. The insulation of the pipe that connects between two chambers is very important because if the flue gases losses it heat value this means more fuel in the secondary burner. As in the primary chamber the insulation thickness for this pipe is 7cm because it consider as internal component of primary chamber. 

The pipe that connects between the secondary chamber and heat exchanger insulated with suitable thickness insulation (7cm) as in secondary chamber, because it has the same temperature of the flue gases. 

4.9 Conclusion
· The capacity of this incinerator in this system designed to be 150kg/hr.

· The primary and secondary chamber contract from mild steel which called in market stainless steel 310, which withstand against 1100oC.

· The burner that used in this system has high efficiency with low fuel consumption, with control panel attached with each burner.

· The type of heat exchanger (Boiler) should be shell and tube to allow greater heat transfer between the flue gases and water.
· The draft (centrifugal) fan that used in this system used to maintain the flow rate of the flue gases for certain value to make environmental incineration.
· The insulation of the incinerator and heat recovery system is an important process to save the energy as possible.
Chapter 5 DIATILLATION PROCESS DESIGN

      In the previous chapters, the mechanical and thermal design was applied for the incinerator. But in this chapter the steam use the steam that generated from the boiler to distillate water for multi purposes.

     Distillation process classified as thermal process to know more about the following section will give more details about this process then design suitable component for distillation. 

5.1   Definitions & Classification of Desalination Processes 
      Desalination processes essentially entail the separation of nearly salt-free water from sea or brackish water, with the salts originally in the feed water are concentrated in a reject brine stream. The desalination process can be classified to two main method which are thermal and membrane separation method. Figure (5-1) summarizes the main concepts underlying the desalination process. While figure (5-2) provides an overview of the main desalination process categories and their types.
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Figure (‎5‑1): Flow chart for desalination process [17]
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Figure (‎5‑2): Main desalination process categories [17]
5.1.1 Thermal Processes Desalination [17, 20]
The oldest distillation process is distillation which has been used for over 2000 years.  The basic concept behind distillation is that by heating an aqueous solution one can generate water vapor.  The water vapor contains almost very small of the contaminants, like the salt or other materials originally in the source water.  If this vapor is directed toward a cool surface, it can be condensed to liquid water containing very little foreign material.  

The vaporizing or the condensing temperature and the operating pressure are process variables.  The only requirement is that, at constant pressure, the heated mass must be hotter than the condensing surface.
In the first, water is evaporated and the resulting vapor condensed; an alternative approach involves freezing the water, followed by the separation and melting of ice crystals. The first process is the most common in commercial desalination and is coupled, in most cases, with power generation in dual-purpose plants. Only a few facilities using the freezing method are known to be in operation. Evaporation may be carried out by bringing water in contact with a heat transfer surface in what is referred to as a boiling process. Alternatively, bulk feed water can be made to produce vapor through what is termed a flashing process. Evaporation processes include:
A. The multistage flash process 
The most widely used distillation process is Multi-Stage Flash evaporation (MSF).  A diagram of a single stage is shown in Figure (5-3). Water enters at a temperature that is above the equilibrium temperature for the stage pressure. These plants are characteristically built along with power plants and use the low temperature steam from the power plants.  The top temperature in the MSF plant is usually below 250˚F.

[image: image63.wmf]
Figure (‎5‑3): Single stage of flash evaporation [17] 
In the MSF process water is made to boil at temperatures below the saturation boiling temperature; this is referred to as the “flashing effect”. Feed water is heated in a vessel, the brine heater, before being allowed to flow into a series of vessels, known as “stages” that constitute the “evaporator” in the MSF unit. Most stages are maintained at reduced pressure, relative to atmospheric pressure, so that the sudden introduction of heated feed water into these vessels causes rapid boiling, or “flashing”. A schematic of the MSF-BR process is shown in figure (5-4). As indicated in the diagram, the intake seawater stream is introduced into the condenser tubes of the heat rejection section, where its temperature is augmented through the uptake of latent heat released by condensing fresh water vapor. In general, the temperature of the intake seawater leaving the heat rejection section should be very close to the brine temperature in the last flashing stage.
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Figure (‎5‑4): Multistage flash desalination with brine circulation [20]
B.  Multiple-Effect Distillation
Older than MSF, but currently not so widely used is Multiple-Effect Distillation (MED).  This is similar to MSF except that the water evaporates from the outside of the tubes and condenses on the inside.  Over the years, a great deal of effort has gone into improving the efficiency and economics of distillation.  Much of this has centered on the tubes, which are the critical part of the process.  Tubes have been oriented both horizontally and vertically, various metals (copper, nickel, aluminum, steel and titanium) have been tried and a wide variety of extended surface tubes have been tested.  

The MED process is applied in a series of vessels or effects. It is based on the principle that if ambient pressure is progressively reduced in consecutive effects, and then feed water can undergo boiling multiple times without the supply of additional heat following the first effect. In MED plants, preheated seawater is raised to the boiling point in the first effect. For preheating, seawater is sprayed onto the surface of evaporator tubes. Steam from a boiler or some other source is used to heat the tubes internally. Steam is condensed down the line within the tubes, and the condensate is recycled to the boiler for reuse. 

Parallel feed multiple effect distillation
Parallel feed MED systems composite from a number of evaporators, a train of flashing boxes, a down condenser and a venting system. The individual “effects” contain a heat transfer area, vapor space, mist eliminator and other accessories. In common evaporator design, feed water is allowed to fall over a horizontal arrangement of tubes through which steam is passed. Standard configurations offer additional advantages including the positive venting and disengagement of vapor products and non-condensable gases, high heat transfer coefficients, and the monitoring of scaling and fouling. Vapor flows from left to right, in the direction of falling pressure, while feed seawater or brine cascades perpendicularly across effects. Thus, the brine stream leaving the first effect flows to the second, where it flashes and mixes with the feed seawater as shown in figure (5-5).
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Figure (‎5‑5): Parallel feed multiple effect distillation [20]
Intake seawater is introduced into the down condenser, where it absorbs the latent heat of condensing vapor from the last effect, increasing its temperature to the feed temperature. Having performed its cooling function, part of the heated intake feed seawater is rejected back to the source (the sea). Another portion of the feed seawater stream is chemically treated, and sprayed into the series of effects to generate vapor. The seawater spray falls in the form of thin film down the succeeding rows of tubes arranged horizontally.

Within each effect, the brine temperature is increased to the boiling temperature corresponding to the pressure in the vapor space before a small portion of water vapor is formed. Condensing a controlled mass of saturated steam inside the tube bundle within the first effect provides the heat required for preheating and evaporation.
Compression between MSF & MED distillation
MED plants are superior to MSF plants in terms of evaporation process efficiency, mainly because of the high heat transfer coefficients achieved with the evaporating thin film of brine on one side of the tubes and the condensing vapor on the other. (39) 
Such an arrangement makes it possible for a larger number of effects to be used in MED plants than in MSF plants for a given temperature difference between heat source and cooling water sink. This has the effect of decreasing the specific heat consumption required for producing product water. The MED evaporator is less sensitive to flow disturbance, which occurs with the build-up of scale and fouling. Since the brine pressure in MSF evaporator tubes is always above that of the product side, any leakage immediately causes contamination, while in MED evaporators, only a negligible loss of product occurs. 
C. Vapor Compression distillation 
A somewhat different approach is taken in Vapor Compression (VC) distillation.  In this process, water is evaporated by flowing it over tubes in a distillation chamber.  Vapor from the distillation chamber is compressed, which increases both its temperature and pressure, and returned to the inside of the tubes where it condenses.  There are two general vapor compression processes, thermal and mechanical, TVC and MVC, which differ in the manner in which the vapor is compressed.  A diagram of this process is shown in Figure (5-6). Its source of driving force is rotating mechanical energy generally from a motor.  
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Figure (‎5‑6): Vapor compression distiller [17]
The main components of the VC system are the evaporator, pumps, the heat exchanger and the compressor. In this process the feed water enters the evaporators, where it is heated to its boiling point and some of it is evaporated. The vapor goes to the compressor, where the pressure and consequently the saturation temperature are raised.

The power consumption of the compressor (the main energy consumer in the system), and therefore the efficiency of the process, depends on this pressure difference. Once it has been compressed, the vapor is fed back into the evaporator to be condensed, providing the thermal energy to evaporate the applied seawater. The distilled water produced by this condensation leaves the plant as the final product.
Vapor compression may be also used in specially designed MED systems. Part of the vapor produced in the last MED effect may be brought to a higher temperature by vapor compression. This results in an improvement in the overall energy efficiency of the plant. Mechanical compressors, with isentropic efficiencies of about 80%, or steam-jet ejectors, with isentropic efficiencies of about 20%, may be employed to compress vapor. The most two type is used for the Vapor Compression Distiller are:  
· Single effect evaporation with mechanical vapor compression (SEE-MVC)
·  Multiple effect distillation with mechanical vapor compression (MED-MVC).
5.1.2 Membrane separation processes [17]
A. Reverse Osmosis Distillation 
Over the past 20 years, Reverse Osmosis (RO) has matured rapidly and has become the process of choice where energy economics are most important.  In the USA, it has become the most economic process and is now widely utilized in the Southeast, Southwest, and West, to provide an alternate source of supply derived from surface water, groundwater, and seawater.  It is able to efficiently desalt all of these feed-water sources.  

In the RO process, high pressure forces fresh water to permeate through a semi-permeable membrane, leaving behind a highly concentrated brine solution. While pressure is the driving force in the RO process, electrical energy activates ED operation, causing electrically charged salt ions to move through selective ion exchange membranes, leaving behind low salinity product water. In both processes a highly concentrated brine stream is formed on the other side of the membrane. As indicated below, the RO process is enjoying increased popularity, while the ED process has limited industrial applications.
The principal difference between these membrane processes lies in the size of the entities, ions, molecules and suspended particles that are retained or allowed to pass through in a typical separation process. 
B. Eelectric potential membrane process 
MF, UF and NF processes use membranes under hydrostatic pressure to purify water, but ED relies on differences in electrical potential in effect, electrical energy to bring about the separation of charged ionic species from feed water. The ionic nature of dissolved salts in saline water is central to the concept of electrodialytic separation. Salts that readily dissociate into ions, whether organic or inorganic species, can be effectively separated using ED, while non-ionizable organic substances may not be isolated in this manner. The ED process is particularly suitable for the treatment of water with high silica content.
5.2 Selections of Desalination Process
Desalination technologies are generally characterized by their relatively high capital intensity and energy consumption and their negative, albeit relatively limited, environmental impact. Care should be taken to design desalination for maximum output consistent with technical and economic feasibility. 

The choice of the type desalination process is depend in chooses of the evaporator, so the design of desalination in this system will be concerned in the evaporator design as in this section. The steam that generated from the boiler in the recovery heat system will used to evaporate targets water.

5.3 Evaporator (Heat Exchanger) Design

Heat exchangers are often given specific names to reflect the specific application for which they are used. But in first stage of distillation two heat exchangers are used one called evaporator in which one of fluids absorbs heat and vaporizes and other used for preheat cold water that enter to evaporator and cooling the return water to the heat recovery exchanger as show in figure (5-7). The most used type of heat exchanger in for vaporizations process are the Shell-and–tube arrangement. Where one fluid flow on the side of the tubes, while the other fluid is forced through the shell and over the outside of the tubes.  
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Figure (‎5‑7): Simplified diagram for the evaporator & heat recovery system
Heat exchanger pipe Design 

In this heat exchanger (evaporator), which used for steam to water heat exchanger, there are several input and assumptions for design as follows:
· The type of evaporator in this system is shell-tube heat exchanger (Parallel flow).

· From section 4.4, the input fluid will be steam at 100oC with mass flow rate 0.2824 kg/s. 
· The Intel temperature for cold water in evaporators considered to be 90oC.
· The out let vapors are need at pressure 75kpa (T = 91.8oC) [15], and other outlet for the evaporator hot water at 100oC. 
· The wall thickness for the heat exchanger pipe x= 0.002m.

· The internal heat convection coefficient hi= 800W/m2.oC, and the external heat convection coefficient ho= 1200 W/m2.oC. [15]
· The wall is steel with thermal conductivity K=15.1W/m.oC. [15]
· Enthalpy of vaporizations of the water at temperature 91.8oC, hfg=2278.6 (KJ/Kg.oC). [15]
The heat transfer from the steam (need to convert the steam to hot water at 100oC) can be calculated as in equation (5-1) below: 
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Where:

Qsteam: heat transfer from steam to be cold water (KW).

msteam': the mass flow rate of the input steam (Kg/s). 

           hin: enthalpy of the inlet steam temperature (KJ/Kg.oC).
           hout: enthalpy of the outlet temperature for steam water side (KJ/Kg.oC).

Q= 0.2824*(2676.1-419) → Q= 637.4 KW.  

 By using the theoretical correction fouling factors, FT has been derived between (0.95-0.9).

The capacity of the boiler (heat exchanger):

Q= FT* Q→ Q = 0.9*637.4.

Q = 573.6 KW.                                                 
In the evaporators design, since the steam will cold to be hot water at 100oC, and in the evaporator the water will boil before its vaporization. The heat transfer rate in the evaporator is very dependent on the condition of heating surface, on the wetting characteristics of the liquid being vaporized. A more generally useful correlation, which is recommended for the design of commercial vaporizers, is proposed by Forster and Zuber as in equation (5-2). 
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               (5-2) [18]
Where: 

hfg: Latent heat of vaporization  (J/Kg.oC). 

(: The surface tension at saturation temperature (m/s2). 
           (L: Density of the liquid at saturation temperatures (Kg/m3). 

(v: Density of vapor at saturation temperature (Kg/m3).
Kl: Thermal conductivity of the liquid at saturation temperature (W/m.oC). 

(L: Viscosity of the liquid at saturation temperature (Kg/ms). 

Tsat: Saturation temperature for the vapors inters the evaporator (oC). 

Ts: Surface temperature of pipe contains steam (oC).
CpL: The specific heat of the liquid at saturation temperature (KJ/Kg).
(Tsat: (Ts-Tsat) equivalent excess temperatures (oC). 

(psat: (ps-psat) (Pascal). 

In this evaporator the surface temperature is assumed to be constant temperature at Ts= 100oC, and the saturation temperature of the boiling liquid Tsat = 91.8oC. 

The following properties at saturation temperature Ts = 91.8oC (75kpa): [15]
CpL = 4.188 KJ/Kg                            (L = 0.279x10-3 Kg/m.s                             (L = 964.3 Kg/m3     

KL= 0.676 W/m.oC                           (L = 0.058 N/m s                                 (v = 0.451 Kg/m3                        

So the heat coefficients are:
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To complete the design of the evaporator, the surface area can be calculated by arrangement equation (5-3):

As=
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As= 
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→ As = 11.8m2.

The surface are can be calculated as in equation (5-4) as below:

As = (*D*N*L                                                                   (5-4) [15]
Where:

As: Surface are of the heat exchanger (m2). 

D: Diameter of the heat exchanger pipe (m). 

           L: Length of the pipes (m).

           N: Number of the pipes.
Table (‎5‑1): Evaporator pipe
	Diameter
(m)&(in)
	length
(m)
	Number 
of pipe

	0.0317
	1.25"
	118
	1

	0.0381
	1.5"
	98
	1

	0.0508
	2"
	74
	1

	0.0508
	2"
	1
	74

	0.0381
	1.5"
	1
	98


For the heat exchanger or in evaporator type which used to produce a vapor, the mass of the vapor or rate of vaporizations can be calculated using equation (5-5):
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Where:

Q: rate of heat transfer {evaporator capacity} (KW).

ms': Mass flow rate of vaporizations (Kg/s). 

hfg: Enthalpy of vaporizations of the water (KJ/kg). 
Cp: the specific heat for the water at an average temperature (KJ/kg.oC). 

(T: the temperature difference between input and output water (oC). 
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Construction of Heat exchanger (evaporator): 

Since the type of heat exchanger chosen to be shell-and-tube, and its characteristics of it was tabulate as in table (5-2).
So it the heat exchanger will constructed from following components as in figure (5-8), but with single long pipes, with suitable arrangements for pipe:

· Metal sheets from steel with dimension (1.714X1X0.004) m.

· Insulation material (Mineral wool) for 5 cm.

· Steel pipe with external diameter D= 1.5", with length 1m.
Table (‎5‑2): Evaporator Parameter
	Heat exchanger 

	Type
	shell-and-tube

	Q
	573.6 KW

	h
	5891.11 W/m.oC 

	(hot,out
	100oC

	As
	11.8m2

	Dpipe
	1.5" = 0.0381m

	Npipe
	98 pipe

	Lpipe
	1m

	Mvapor'
	900 Kg/hr

	Dvesel
	21.5" =0.5461m


These pipes will be submerged with water for all pipe surfaces to make as electric heater then allow to hot water to boiling then vaporize, this means that the evaporator before it start to operate must it filled with water that has volume:

Water volume= shell volume- pipe volume-tolerances for vapor  

 Water volume= 
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Figure (‎5‑8): Suitable arrangements for pipe in heat exchanger
Pre-heat stage (heat exchanger)

Heat exchanger pipe Design 

In this heat exchanger, which used for water to water heat exchanger, there are several input and assumptions for design as follows:
· The type of heat exchanger in this system is shell-tube (Parallel flow).

· From last, The Intel temperature for hot water considered to be 100oC. 

· The Intel temperature for cold water considered to be 20oC, the outlet is considered to be steam at 90oC.

·  From section 4.4, the mass flow rate for the steam (hot water) is 0.2824Kg/s.

· The wall thickness for the heat exchanger pipe x= 0.002m.

· The internal heat convection coefficient hi= 800W/m2.oC, and the external heat convection coefficient ho= 1200 W/m2.oC.  [15]
· The wall is steel with thermal conductivity K=15.1W/m.oC. [15]
· The specific heat for water at average temperature Taverge = (Tout+Tin)/2 = 60oC Cpwater =4.186KJ/kg.C. [15]
The following schematic illustrate the heat exchanger input and output as in figure (5-9):
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Figure (‎5‑9): Simplified process flow diagram
In order to maintain the same flow rate for the cold water in previous design and which it was mv' = 0.25 kg/s ( 900kg/hr, then we can calculate heat needed to raise the cold water from(20oC to 90oC) which can calculated from following equation: 
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Where:

QC.W: heat value for the cold water (KW).

mC.V': the mass flow rate of the cold water (Kg/s). 

           Tin: the inlet temperature of cold water (oC). 

           Tout: the outlet temperature of the cold water (oC).
           Cp: the specific heat for the water at an average temperature (KJ/kg.oC). 

QC.V= 0.25*4.186*(90-20) → QC.V= 73.3 KW.  

 By using the theoretical correction fouling factors, FT has been derived between (0.95-0.9).

The capacity of the boiler (heat exchanger):

Q= QC.V /FT → Q = 73.3/0.9.

Q = 81.5 KW. 
To find the outlet temperature of the hot water from the following equation: 
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Where:

Q: heat value for the hot water (KW).

mH.V': the mass flow rate of the hot water (Kg/s). 

           Tin: the inlet temperature of hot water (oC). 

           Tout: the inlet temperature of hot water (oC). 
           Cp: the specific heat for the water at an average temperature (KJ/kg.oC).
  The outlet temperature of the hot water     
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The logarithmic means temperature difference (Tm (LMTD) is calculated from equation (5-8) below:
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Where:

(T1= (Th,i – Tc,o).

(T2= (Th,o – Tc,i).

Th,i: The inlet temperature of the hot water (oC).

Th,o: The outlet temperature of the hot water (oC).
Tc,i: The inlet temperature of the cold water (oC).

Tc,o: The outlet temperature of the cold water (oC).
Note that the hot fluid is the hot water, and the cold fluid is the cold water.

With the following value:

Th,i = 100oC,  Th,o =30oC,  Tc,i = 20oC,  Tc,o =90oC.

 (T1= (100 – 90) = 10oC.

 (T2= (27– 20) =7oC.
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The heat transfer in the heat exchanger from the hot water to the coldwater calculated using equation (5-9) below:

Q= U*As*(Tm                                                                    (5-9) [15]
Where:

U: the overall heat transfer coefficient.

As: the heat transfer area (surface area for the heat exchanger) m2.

           (Tm: An appropriate average temperatures difference between two fluids                                   

But the overall heat transfer coefficient can be calculated from equation (5-10) as below:

U= 
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Where:

hi: The internal heat convection coefficient W/m2.oC.

ho: The external heat convection coefficient W/m2.oC.

           Rwall: The thermal resistance for the pipe of heat exchanger W/m2.oC.

Since the pipe wall thickness is very small the Rwall can be neglected.

The overall heat coefficient U =  
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To complete the design of the heat exchanger, the surface area can be calculated by arrangement equation (5-9):

As=
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→ As = 11.8m2.

The surface are can be calculated as in equation (5-11) as below:

As = (*D*N*L                                                                   (5-11) [15]
Where:

As: Surface are of the heat exchanger (m2). 

D: Diameter of the heat exchanger pipe (m). 

           L: Length of the pipes (m).

           N: Number of the pipes.

	Diameter
(m)&(in)
	length
(m)
	Number 
of pipe

	0.0317
	1.25"
	118
	1

	0.0381
	1.5"
	98
	1

	0.0508
	2"
	74
	1

	0.0508
	2"
	1
	74

	0.0381
	1.5"
	1
	98


Table (‎5‑3): Pre-heat pipe  
Feed of Cold water to (pre-heater): 
The cold water that supplied to heat exchanger (pre-heater) at temperature 20oC, called feed water. This water operated in open system, and passes through evaporator which produce vapor used in condenser. The water supplied from the source tank with flow rate 0.25kg/s or (900kg/hr).

Construction of Heat exchanger (pre-heater): 

Since the type of heat exchanger chosen to be shell-and-tube, and its characteristics of it was tabulate as in table (5-4): 
Table (‎5‑4):  Pre-heat exchanger Parameter
	Heat exchanger 

	Type
	shell-and-tube

	Q
	73.3 KW

	U
	480 W/m.oC 

	(hot,out
	27oC

	As
	11.8m2

	Dpipe
	1.5"

	Npipe
	98 pipe

	Lpipe
	1m

	Mvapor'
	900 Kg/hr

	Dvesel
	21.5"


So it the heat exchanger will constructed from following components as in figure (5-10), but with single long pipes, with suitable arrangements for pipe:

· Metal sheets from steel with dimension (1.715X1X0.004) m.

· Insulation material (Mineral wool) for 5 cm.

· Steel pipe with external diameter D= 1.5", with length 1m.
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Figure (‎5‑10): Suitable arrangements for pipe in heat exchanger (all dimension in inch)
Return Hot of water to (boiler): 
After the steam will be hot water after it boiled the cold water and before it will return to the boiler, this water will pass the through small heat exchanger as in the last design to cool it to 27oC. 

5.4 Condenser Design

Shell and tube heat exchanger are used as condensers in distillation columns, refrigeration machines, and in many industrials application. The condenser design will depend on whether the exchanger layout is horizontal or vertical. The construction of shell-and-tube condenser is essentially the same as the shell and tube heat transfer handling single-phase fluids; expect that when the vapor condenses on the shell side.

Condensation occurs when the temperature of a vapor is reduced below its saturation temperature Tsat. This is usually done by bringing vapor into contact with solid surface whose temperature Ts is below the saturation temperature Tsat of vapor. Two distinct forms of condensation are observed: film condensation and drop-wise condensation. In film condensation, the condensate wets the surface and forms a liquid film on the surface that slide down under the interface of gravity. The thickness of liquid film increase in flow direction as more vapors condense on the film. In the drop-wise condensation, the condensed vapor forms droplets on the surface instead of continuous film and the surface is covered by countless droplets of varying diameter. [15]
Figure (5-11) show the condenser will use in distillation stage parts for this project, and we assumed the film condensation form.
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Figure ‎5‑11): Condenser of used in distillation process  

Condenser pipe Design
In this heat exchanger (condenser), which used for condensate vapor, there are several assumptions for design as follows:
· The type of evaporator in this system is shell-tube heat exchanger (Parallel flow).
· The condensation form assumed to be film condensation. 
· From section 5.3, the input fluid will be vapor at 91.8oC with mass flow rate 0.25kg/s. 
· The Intel temperature for cold water considered to be 20oC, and the temperature surface of the pipe assumed to be 20oC.

· The wall thickness for the heat exchanger pipe x= 0.002m.
· The diameter of pipe that used in condenser D= 0.01905m (0.75"), with horizontal arrangements.

· The wall is steel with thermal conductivity K=15.1W/m.oC. [15]
· Enthalpy of vaporizations of the water at temperature 91.8oC, hfg=2278.6 (KJ/Kg.oC). [15]
Used film temperature (average temperature) Tav= Tf, therefore the properties of the liquid should be evaluated at film temperature, which calculated from equation   (5-12):

Tav= Tf = (Tsat + Ts)/2                                                                      (5-12) [15]
Where: 

Tsat: Saturation temperature for the vapors inters the evaporator (oC). 

Ts: surface temperature of pipe contains cold water (oC).          

Tf = (91.8+ 20)/2 = 55.9oC.

The following properties at film temperature: [15]
CpL = 4.187 KJ/Kg     (L = 0.5175x10-3 Kg/m.s     (L = 983.2 Kg/m3     K= 0.649 W/m.oC 
To heat in the a mount hfg (latent heat of vaporization) is released during condensation and is transferred through the film to the pipe surface at temperature Ts. but in film condensation we used modified latent heat of vaporization hfg* which give as in equation (5-13) below:

hfg* = hfg + 0.68*CpL*(Tsat - Ts)                                                      (5-13) [15]
Where: 

hfg*: Modified latent heat of vaporization  (KJ/Kg.oC). 

hfg: Latent heat of vaporization  (KJ/Kg.oC). 

           CpL: the specific heat of the liquid at average film temperature (KJ/Kg).

Tsat: Saturation temperature for the vapors inters the evaporator (oC). 

Ts: surface temperature of pipe contains cold water (oC). 
So modified latent heat of vaporization hfg* in this condenser for:

hfg* = 2278.6 + 0.68*4.187*(91.8 -20) = 2483 KJ/Kg.oC

The rate of heat transfer from the cold pipe can be calculated from equation (5-14): 
Qconden= h*As * (Tsat - Ts) = mconden'*hfg*                                         (5-14) [15]
Where: 

hfg*: Modified latent heat of vaporization  (KJ/Kg.oC). 

mconden': the mass flow rate of vapors (Kg/s). 

           As: the heat transfer area or surface area in which condensation occur (m2). 
h: heat transfer coefficient in film condensation (W/m2.oC) 

The rate of heat transfer from the cold pipe in this condenser for mconden' =0.25Kg/s.

Qconden= (0.25)*(2483) = 620.75 KW

To complete the condenser design, we need to calculate the surface are for this condenser from equation (5-7), but the heat transfer coefficient for the condenser different in its calculation, this coefficient can be calculated for the horizontal tubes as in equation (5-15):
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                  (5-15) [15]
Where: 

hfg*: Modified latent heat of vaporization  (J/Kg.oC). 

g: the gravitational acceleration (m/s2). 
           (L: density of the liquid at film temperatures (Kg/m3). 

(v: density of vapor at saturation temperature (Kg/m3).
Kl: thermal conductivity of the liquid at film temperature (W/m.oC). 

(L: viscosity of the liquid at film temperature (Kg/ms). 

Tsat: Saturation temperature for the vapors inters the evaporator (oC). 

Ts: surface temperature of pipe contains cold water (oC).
N: number of pipe used in the condensation process.

The rate of heat transfer from the cold pipe in this condenser for mconden' =0.25Kg/s, (v=0.5977 Kg/m3.  
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h = 9505.06 N-1/4 ------ (*).
So the heat coefficients are function of the number of tube. To find number of tube we will use another equation which is equation (5-15), and substitute result (*) then we obtain that:
549.1e3= 9505.06*N-1/4*((*0.01905*L)*N * (100 - 20) 
L*N3/4 = 12.066.

Table (‎5‑5): Condenser pipe 

	Diameter
(m)&(in)
	length
(m)
	Number 
of pipe

	0.01905
	3/4"
	1
	28

	0.01905
	3/4"
	0.75
	41


Feed of Cold water to (condenser): 
The cold water that supplied to heat exchanger (condenser) at temperature 20oC, called feed water. This water operated in open system. The water supplied from the source tank and returns to the same source and considered that the water return to tank at maximum temperature (45oc), so the feed water mass can be calculated fro equation (5-16):
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Where:

Q: Rate of heat transfer {condenser capacity} (KW).

ms': Mass flow rate of cold water (Kg/s). 

Cp: the specific heat for the water at an average temperature (KJ/kg.oC). 

(T: the temperature difference between input and output water (oC). 
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Construction of Heat exchanger (Condenser): 

Since the type of heat exchanger chosen to be shell-and-tube, and its characteristics of it was tabulate as in table (5-6): 
Table (‎5‑6): Condenser parameter
	Heat exchanger 

	Type
	shell-and-tube

	Q
	620.75 KW

	h
	3574.5 W/m.oC 

	(cold,out
	45oC

	As
	3m2

	Dpipe
	3/4"

	Npipe
	28 pipe

	Lpipe
	1m

	mcond'
	900 Kg/hr

	Mcold'
	18800 Kg/hr

	Dvesel
	20"


So it the evaporators will constructed from following components as in figure (5-12), but with single long pipes, with suitable arrangements for pipe:

· Metal spheres from steel with diameter (0.5) m.

· Steel pipe with external diameter D= 3/4", with length 1m.
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Figure (‎5‑12): Suitable arrangements for pipe in condenser
Time needed for starting produce distillated water
The time needs for produce are difficulty calculate because it depend on the temperatures of residue water in the evaporator, but if we assume that we have these quantity of water to addition distillated water. We can calculate the time need to evaporate this quantity of water which it:

Mass flow rate of vaporizations = 0.25kg/s. 

Time for specific mass = mass of water in evaporator / mass flow rate of vaporizations
Time for specific mass = (0.442*964.3) / (0.25) = 28.4 minute.
5.5 Cooling Tower Design [14, 21, 26]
A cooling tower is a heat rejection device, which extracts waste heat to the atmosphere though the cooling of a water stream to a lower temperature. The type of heat rejection in a cooling tower is termed "evaporative" in that it allows a small portion of the water being cooled to evaporate into a moving air stream to provide significant cooling to the rest of that water stream as shown in figure (5-13). The heat from the water stream transferred to the air stream raises the air's temperature and its relative humidity to 100%, and this air is discharged to the atmosphere. Evaporative heat rejection devices such as cooling towers are commonly used to provide significantly lower water temperatures than achievable with "air cooled" or "dry" heat rejection devices, like the radiator in a car, thereby achieving more cost-effective and energy efficient operation of systems in need of cooling. Think of the times you've seen something hot be rapidly cooled by putting water on it, which evaporates, cooling rapidly, such as an overheated car radiator. The cooling potential of a wet surface is much better than a dry one. 
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Figure (‎5‑13): Forced-draft cooling tower system [21]
Common applications for cooling towers are providing cooled water for air-conditioning, manufacturing, electric power generation, and in distillation water process. The smallest cooling towers are designed to handle water streams of only a few gallons of water per minute supplied in small pipes like those might see in a residence, while the largest cool hundreds of thousands of gallons per minute supplied in pipes as much as 15 feet (about 5 meters) in diameter on a large power plant.  

A wet cooling tower is essentially a semien-cloesd evaporator cooler. Figure (5-14) below shows an induced draft counter-flow cooling tower; air is drawn into tower from the bottom and leave through the top of the tower. Warn water from the condenser is pumped to the top of the tower and is sprayed into this airstreams. The purpose of spraying is to expose a large surface area of water to the air. The temperature and moisture content of air increase in this process. The cooled water collects at the bottom of the tower and is pumped back to the condenser to pick additional waste heat. Make up water must be added to the cycle to replace the water loss by evaporation and air draft. To minimize water carried away by the air, drift eliminations are installed in wet cooling towers above the spray section. 
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Figure (‎5‑14): Induced draft counter-flow cooling tower [21] 
Cooling towers are designed according to the highest geographic wet bulb temperatures.  This temperature will dictate the minimum performance available by the tower.  As the wet bulb temperature (humidity of the Intel air) decreases, so will the available cooling water temperature.


Design Considerations:

Once a tower characteristic has been established between the designer and the manufacturer, the manufacturer must design a tower that matches this value.  

       
The required tower size will be a function of:




· Cooling ranges.

· Approach to wet bulb temperature (humidity of the Intel air).

· Mass flow rate of water.

· Air velocity through tower or individual tower cell.

· Tower height.

Cooling Tower calculation & Design
In this cooling tower, which used as heat rejecter object, there are several assumptions for design as follows:
· The type of cooling tower in this system is forced-draft cooling tower.
· The cooling form assumed to be forced draft. 
· From section 5.4, the inputs warm water from condenser will enter the cooling tower at 45oC with mass flow rate 5.24kg/s. 
· The Intel temperature for air from the environment considered to be 20oC & it humidity is 60%, and the outlet air temperature assumed to be 30oC which is saturated air its humidity is 100%.

· The make up water enter from the bottom at temperature 20oC.

· The cooling tower is adiabatic.

· Enthalpy of vaporizations of the water at temperature 91.8oC, hfg=2278.6 (KJ/Kg.oC). [15]
We take the entire cooling tower to be the system, which is shown schematically in figure (5-15). 
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Figure (‎5‑15): Forced-draft cooling tower system
The following properties for each point: [14]
h1= 42.2KJ/Kg dry air   1 = 0.0087 Kg H2O /Kg dry air     v1 = 0.842 m3 /Kg                        h2= 100KJ/Kg dry air           2 = 0.0273 Kg H2O /Kg dry air   

h3 = 188.45KJ/Kg                  h4 = 83.96KJ/Kg                             

By applying the mass and energy balance on the cooling tower gives that:
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                                                        (5-17) [14]
Where: 

m..a: mass flow rate for enter air  (Kg/s). 

m..3: mass flow rate for enter warm water (Kg/s). 

           h1: the enthalpy of enter air (KJ/Kg dry air).

            h2: the enthalpy of outlet air (KJ/Kg dry air).
            h3: the enthalpy of enter warm water (KJ/Kg).
            h4: the enthalpy of the outlet cold water (KJ/Kg).
           (1: specific humidity for enter air (Kg H2O /Kg dry air). 
           (2: specific humidity for outlet air (Kg H2O /Kg dry air). 
Therefore the mass flow rate of the air 
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 = 9.73Kg/s.

Then the volume flow rate of the air into the cooling tower can be calculated from following equation:
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Where: 

V.a1: Volume flow rate for enter air (m3/s). 

m.a: Mass flow rate for enter air (Kg/s). 
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The heat transfer for the cooling tower or its capacity can be calculated from following equation: 
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Where: 

Q: The heat transfer from the warm water through the cooling tower (KW). 

m..3: Mass flow rate for enter warm water (Kg/s). 

            h3: the enthalpy of enter warm water (KJ/Kg).
            h4: the enthalpy of the outlet cold water (KJ/Kg).
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The flow rate for the make up water can be calculated from following equation: 
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Where: 

m..a: Mass flow rate for enter air  (Kg/s). 

           (1: specific humidity for enter air (Kg H2O /Kg dry air). 
           (2: specific humidity for outlet air (Kg H2O /Kg dry air). 
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Selection of cooling tower: 

Since the type of cooling tower chosen to be fan draft cooling tower, and its characteristics of it was tabulate as in table (5-7): 
Table (‎5‑7): Cooling tower parameter

	Cooling Tower 

	Type
	Forced-draft 

	Q
	547 KW

	Menteri air'
	9.73 Kg/s

	Mmake up'
	0.181 Kg/hr


In short, utilize the cold water temperature, humidity of the Intel air, and hot water temperature to find the water concentration in gal/min ft2.   The tower area can then be calculated by dividing the water circulated by the water concentration.  General rules are usually used to determine tower height depending on the necessary time of contact as in following table:
Table (‎5‑8): Cooling tower height [21] 

	Approach to Wet Bulb (0F)
	Cooling Range (0F)
	Tower Height (ft)

	15-20
	25-35
	15-20

	10-15
	25-35
	25-30

	5-10
	25-35
	35-40


From the last the suitable cooling tower has height 15-20 ft, with range 25oC. Other design characteristics to consider are fan horsepower pump horsepower, and make-up water source.  

Water Make-up

Water losses include evaporation, drift (water entrained in discharge vapor), and blow down (water released to discard solids).  Drift losses are estimated to be between 0.1 and 0.3% of water supply, in this system the make up water has flow rate 0.181 Kg/s where this is approximately is 3% for circulating water.
Notes: the following figure shows the schematics diagram for heat recovery system.
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Figure (‎5‑16): The schematics diagram for heat recovery system 
5.6 Conclusion

· Thermal desalination processes constitute a fairly mature group of technologies, with a number of technological variants often emerging from a given technology family.

· The most widely used distillation process is Multi-Stage Flash evaporation (MSF), but in this system we used the one stage effect distillation.

· The distillation process for this system, we use evaporator to produce the vapor and preheated parts for cooling the circulated water in closed system (boiler).
· The returned water to the boiler or circulated water must be distillate water to eliminates the fouling the heat exchangers.
·  The condenser that used in this system to produce the distillate water from the vapor.
· The distillated water need time to produce from this system after starting incineration and it continuous after end of incinerations process.

· The cooling tower in this system used, to remove heat from the circulated water in condenser.
· We can choose the cooling tower from any manufacturing company according to its specification.
Chapter 6 OPERATING OF THE SYSTEM
In the all previous chapters, the mechanical and thermal design was applied for the incinerator and desalination. But in this chapter we will concerned on the operation if this system win all its stage and components, the success of incineration as a technique for treating hospital waste depends on the proper operation of the incinerator and its air pollution control devices. Proper operating techniques can affect equipment reliability, on-line availability, combustion efficiency, and compliance with air pollution regulations.  This chapter will discuss general operating procedures that can minimize unexpected malfunctions and improve the performance of the incinerator. 

6.1 Description

The incinerator comprise of tow staged starved for the medical incineration in a primary chamber where waste is burnt with a deficiency of oxygen which produce a particulates  burnt gas, and because of low gas velocities ensures a minimum pick up of particulates with the gas steam. The partially burnt gas then pass into high temperature secondary chamber where additional oxygen from the secondary burner was added to complete the combustion phase and produce a clean and smokeless gas which is passes through the heat recovery system. The whole assembly comprise (as in chapter four) of a horizontal mild steel shell, which internally refractory line using firebrick and insulation materials.

Access to the primary chamber is gained via hinged door. The load door provides dull access to the primary chamber and is utilized for insertion of waste into the unit, and for the removal of ash each morning. The door is fitted with clamping handles and a micro-switch which inhibit the operation of primary burner. Fitted externally to the incinerator are two oil fired burners of which one burners the primary burner which gives ignitions to the waste and a secondary burner which provide additional heat to the gases to ensure the elimination smoke production which are un-friendly with environments as in figure shown below:
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Figure (‎6‑1): Schematic diagram for the incinerator and heat recovery unit
The second process after the incineration was the heat recovery process which comprise from the heat exchanger (boiler) with closed operating system that recover the heat from the flue gases, this boiler was design as in chapter four, in this system we used the water as working fluid to recover the heat, then the flue gases pass through the chemical process called air cleaning process which will make produce a clean and smokeless gases which exhausted to the atmosphere via the chimney. An air fan located on the bottom of the chimney unit which extents to a height of 10m and is finished using heat resistance aluminum paint. This system was configured in three dimensions as in the following figure:
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Figure (‎6‑2): 3D view for the incinerator and heat recovery unit
From section 2.5 the quantities of medical waste in Nablus hospitals are 850Kg/day. So in order to incinerate this quantity we need to operate the designed incinerator for almost 6 hours. 

6.2 Ash remove and Starting Up from cold 

Startup of the incinerator actually begins with removal of the ash generated from the previous operating cycle. The following are guidelines for good operating practice sufficient for the operator to remove the ash safely. 

· In general, allowing the incinerator to cool overnight is sufficient for the operator to remove the ash safely.
· The operator should open the ash cleanout door slowly both to minimize the possibility of damage to the door stop and seal gasket and to prevent ash from becoming entrained.

·  Still be hot and the ash may contain local hot spots, as well as sharp objects.

· The ash and combustion chamber should not be sprayed with water to cool the chamber because rapid cooling from water sprays can adversely affect the refractory. 
· A flat blunt shovel, not sharp objects that cart damage the refractory material, should be used for cleanup.
· Place the ash into a noncombustible heat resistant container, 

· Avoid pushing ash into the under fire air ports,
There are tow categories of starting up from cold:

1- Daily start up each morning.

2- Start up after the plant has been shut down this for some time.

The daily start up is not considered to be a problem because the incinerator will be step up before it operating for full operation.

Start up after a prolonged shutdown, should be considered important, and the following procedure be adopted before putting the plant full operation. Start up the draft fan, and secondary chamber burner. Pre-set the primary temperatures to medium temperatures (180-250oC) and allow to the system to run with the burner being controlled about this set point, for long time say up to 1/2 hr. after this time, increase the setting temperature incrementally and allow for the system to run for full operation.   
6.3 Loading Advice 

 It is important that the plant is only used to dispose the medical waste as originally specified and in the properties defined. Indiscriminate loading with non-specified waste will not only causes undesirable combustion characteristics, but likely to give refractory problem, high temperature running conditions and potential emission problem.

By nature of their design, batch feed incinerators are intended to accept a single load of waste at the beginning of their incineration cycle. The primary chamber acts as a fuel storage area. We recommend that the primary chamber be filled to capacity, but not overfilled or stuffed so full that the flame port to the secondary chamber or the ignition burner port assembly are blocked, so the feeding in this system must be done every 30 minute by medical waste (batch) has weight 75kg. The operator must constrain with this batch without over loading because this practice can lead to excessive emissions, incomplete combustion, and damage to the incinerator. Overcharging with waste adds more fuel to the incinerator than it can handle, may block the incinerator air ports, and damage the primary burner. Excessive fuel combined with an inadequate air supply causes excessive amounts of volatile material to be passed to the secondary chamber which cannot be handled effectively in the secondary chamber and results in high particulate matter emissions.
DO NOT   - overload the primary chamber.

DO NOT   - pack waste directly in front if the burner. Allow the waste to lie naturally.

DO NOT   - Allow quantities of free moisture knowingly to be loaded. 

DO NOT   - inject water into the main chamber as a method of controlling the ash.. 

The physical and chemical properties of wastes and the effects of these properties on the incineration process. In most cases, the operator of an incinerator does not have control over the quantity or types of wastes which are transported to the incinerator for disposal. However, the operator does have control over of the most important parameters - how the waste is charged. Waste charging procedures are specific proper charging. In this section, some general concepts with regard to types of waste and handling of the wastes. Although the operator does not have control (or has very little control) over the waste which is to be incinerated, the operator must understand how waste composition affects operation of the incinerator and must learn to recognize problems related to waste composition or to identify significant changes in waste composition. Operator then can modify charging procedures, modify incinerator combustion parameters (if properly trained to make such adjustments), then make appropriate hospital administrators of continued waste related problems which are severely affecting incinerator operation. 

Proper Waste Handling

Infectious sharp waste will be delivered to the incinerator area in "sharp box.", and the infectious waste (non-sharp) will be delivered with yellow bag.  The primary concern is to avoid exposure to pathogens; consequently sharp box wastes should be handled in a manner which maintains the integrity of the container. Proper procedures dictate that:

· Sturdy containers are used for medical waste handling from hospital to incineration area such as container made from iron.
· Waste handling is minimized as possible from place to place.
· The waste storage area is secure if wastes are to be stored.

· Operator never open red bags to inspect the contents.
· Mechanical handling loading systems (if it will be use) are properly operated and maintained. 
The operator work on this situation, he has control of personal protection items used.  So he must always wear hard-soled shoes to avoid the potential for punctures and thick rubber gloves to resist cuts and punctures and to prevent direct contact with fluids. The operator must remember that his safety is at stake and should bring deficiencies in waste handling practices (e.g. poor bag quality) to the hospital administrator's attention.

To complete proper handling and incinerator operation this is general safety procedures to prevent injury when working around the incinerator include:

a. Containers of flammable liquids or explosives should never be fed into the incinerator.

b. The incinerator charging door should not be opened if the incinerator is under positive pressure, if the ignition burner is on. Always exercise caution when opening the charging door. Wearing safety glasses, the operator should stand behind the door, open the door several inches and pause, then open the door fully.
c. Avoid direct contact with the hot surfaces of the incinerator chamber, heat recovery components, pipe work, and stack.
6.4 Maintenance 

 Efficient operation of a medical waste incinerator and any associated air pollution control device, recovery heat system components; requires an aggressive preventive maintenance (PM) program effective maintenance will prolong the service life of the equipment, reduce the frequency of upset conditions, and save the money by avoiding costly repairs. 

 Typically, the incinerator operator does not perform PM but makes hourly and daily inspections to ensure proper operation of the incinerator. The responsible engineer performs PM on the incinerator on a set schedule and corrects any potential problems identified by the operator. 
 It is important to make maintenance for any machine or plant, but this maintenance will be almost in tow type:

 Daily 
Using main ash door, clean out the ashes from the previous days operation. And make sure that the burner head is free from ash residue, and ensure that the holes on the floor of the primary chamber are clean.

Before the incinerator is started up, the CO monitor should read 0 percent or 0 parts per million (ppm), respectively. The oxygen monitor should read about 21 percent oxygen (ambient air). If these monitors are equipped to conduct for daily calibration checks, the calibration checks should be conducted and the calibration values noted to assure that they are in the proper range. If not, maintenance engineer should be informed.
 Weekly 

· Check all thermocouples that attached with burners or in each chamber, ensure that the thermocouple is free from corrosion and change it if necessary. 

· To prevent more problems ensure the equipment is kept free from the dust build up.

· Clean and grease all hinge point and crones.

· Grease door bearing.

· Ensure the internals primary air nozzles are clear.

The maintenance for the other system components is to check the control valve that used in the heat recovery system, check the performance of the pumps that’s used, also check the draft fan performance which used at bottom of chimney.  Other thing in maintenance must be perform is the cleaning of the evaporator pipe from the contamination and particles. 

For the cooling tower the maintenance perform by checking the fan and pump performance also by checking the nozzle of sprayer.

6.5 Control system & monitoring operation

The monitoring of operating parameters provides several benefits. First, monitoring provides the operator with information needed to make decisions on necessary combustion control adjustments. For example, continuous monitoring of the temperature and carbon monoxide level of the secondary combustion chamber flue gas stream allows the operator to determine whether optimum combustion conditions are being maintained. Indications of an abnormally high CO level and low temperature can immediately be used to adjust the secondary burner rate to raise the combustion chamber temperature. But in the modern burners which are related to thermocouple will make self adjusted according to temperatures of burner.
After removing the ash produced by the previous burn ensure that the main door is clamped and shut and the primary chamber air control is closed. Upon initiation the two burner fan will ran and power will be applied to secondary burner. After a short, self diagnosing cycle, the burner will ignite to heat the secondary chamber prior to waste being introduced.

Loading

The last operation called the pre-heat period which is set by control timer T1, and following the pre-set time the control sequence will cycle to the burner cycle. After the introducing the waste into the chamber and clamping of the door the primary burner time setting can be selected. This burner is provided mainly for ignition purposes. As the waste ignites and starts to combust the temperature will raise which will be indicating from the thermocouple. The raise in temperature to specified combustion temperature as in chapter four will automatically be off.

Shut Down
When all the available waste has been consumed the cool down cycle should be initiated by shut down the incinerator switch at this point the primary burner id it firing will be off for outer switch control, but the secondary burner will run on for the duration of the period set via the need for the residue gas to removed from it.  

Control set point

For the primary chamber the thermocouple attached with burner will set to 540°C, and for the secondary chamber the temperature set to be 1050oC. 

6.6 Operational Problems and Solution [3]
Incinerator operational problems include excessive stack emissions in the form of white or black smoke, smoke leakage from the charging door or other openings, excessive auxiliary fuel usage, and incomplete burnout of the waste. 
6.6.1 Excessive Stack Emissions
Excessive emission rates from this unit can usually be attributed to one of the following causes:

· The set-point for the secondary burner temperature is not high enough.
· Excessive draft in the primary chamber.
· Overcharging.
· Problem from wastes.
· Operating at too high a primary chamber temperature.
6.6.2 Black Smoke

The appearance of black smoke indicates the presence of unburned carbonaceous material. Dense black smoke is caused by incomplete combustion as a result of insufficient amounts of combustion air for the quantity of volatiles present. Black smoke is often the result of overcharging of the incinerator or of too large an amount of highly volatile materials in the waste charged. Steps which can be taken to eliminate black smoke include:

· Decrease the charging rate.
· Increase the secondary combustion air.
· Reduce the percentage of highly volatile materials in the waste feed.

· Reduce the primary chamber operating temperature.
6.6.3 White Smoke

The appearance of a steady stream of white smoke from the stack indicates the presence of small aerosols in the stream of flue gas. Steps which can be taken to eliminate white smoke include:

· Check to see that the secondary burner is operating. If all the secondary burner capacity is not being used, increase the operating rate of burner to full capacity.

· Decrease the secondary and/or primary air in order to increase the secondary temperature.

6.6.4 Leakage of Smoke from Primary Chamber

The leakage of smoke through charging doors or other openings indicates that a positive pressure differential exists in the primary chamber. Positive pressure can be caused by excessive combustion air, by excessive charging of a highly volatile material, by too high a primary chamber operating temperature, or by too much hot ash being discharged to a wet sump all at one time. The following steps may help eliminate leakage of smoke:

·  Decrease feed rate.
· Adjust ash discharge ram cycle.

· Check the sealing of the door.
6.7 Conclusion
· Proper operating techniques can affect equipment reliability, on-line availability, combustion efficiency, and compliance with air pollution regulations. 
· Startup of the incinerator actually begins with removal of the ash generated from the previous operating cycle.

· We recommend that the primary chamber be filled to capacity, but not overfilled or stuffed, the feeding in this system must be done every 30 minute by medical waste (batch) has weight 75kg..
· The operator must follow the safety guidelines and proper handling of waste, to avoid exposure to pathogens.
·  The medical waste incinerator and any associated air pollution control device, recovery heat system components; requires an aggressive preventive maintenance (PM) program effective maintenance.
·  Effective maintenance program will prolong the service life of the equipment; reduce the frequency of upset conditions, and save the money.
· The monitoring of operating parameters provides the operator with information needed to make decisions on necessary combustion control adjustments.
· For the primary chamber the thermocouple attached with burner will set to 540°C, and for the secondary chamber the temperature set to be 1050oC.
· Incinerator operational problems include excessive stack emissions in the form of white or black smoke, smoke leakage from the charging door, and incomplete burnout of the waste. 
· Following the recommended incineration restrictions or limitations, and Effective maintenance program; will reduce the incinerator operational problem.
· The incinerator will operate almost 6 hours daily. 
Chapter 7 RECOMMENDATIONS

 Based on the outputs of the different previous chapter, the following point can be driven as conclusion and recommendations.

· Our field study which results medical regarding waste quantities and compositions found to be close to the result of other studies.

· The health ministry must use strictest law on hospitals to applied efficient separation system for medical waste as in other countries, to facilitate the medical waste incineration. 

· Practical components for medical waste incinerators integrated with water distillation system can be manufactured easily since it can recover the heat from the loss energy.

· The suitable capacity of incinerator in this system for Nablus hospital designed to be 150kg/hr, and the heat recovery systems may be attached with medical waste incineration to provide economic benefits, but insulation must be applied for this system and heat to save the energy as possible.

· The medical waste incineration is the best method for disposing from the pathogens, since these days the medical waste thrown as any other normal waste.

· The medical waste generated from Nablus hospital may be un-economical to produce energy, but if this system applied for more economic consideration medical waste collect from other West bank cities.

· It will be most suitable for environmental reason to construct the last system on green land, and this land grows with green tree, to be as garden.

· The heat recovery system generate steam with flow 1000kg/hr, and this steam can be used for other application over this system,  this steam used for heating system or for the cleaning machine in the hospital (if it construct behind the hospital), used to generate power using turbine.
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APPENDICES 
Appendix (A)
أستبانة خاصة ب المستشفيات
أخي الكريم/اختي الكريمة, باسم قسم الهندسة الميكانيكية – جامعة النجاح الوطنية – يرجى منكم التكرم بالمساعدة في الإجابة عن الأسئلة التالية لتوفير المعلومات الضرورية لاستكمال دراسة بخصوص تصميم محرقة نفايات متكاملة مع مقطرة للمياه في نابلس, علما بأن المعلومات المستوفاة ستستخدم لأغراض علمية فقط.

· أسم المستشفى:---------------------------------------------------------.
· عدد الأسره في المستشفى:-------------------.
· نسبة الأشغال للأسره:----------------------.
· معدل انتاج للأسره لنفايات:-------------------.
· المسؤول عن ادارة النفايات الطبية في المستشفى (المسمى الوظيفي): ------------------------------------------------------------.
· هل يوجد احصائية لكمية لنفايات الطبية:-------------------------------------------------------------------------------.
· هل يتم فصل النفايات الطبية عن النفايات:------------------------------------------.
· كمية النفايات الطبية المعدنية (أدوات حادة) :----------------------------------------- ------------------------------------.
· ما هي الطريقة التي يتم بها التخلص من النفايات الطبية:-----------------------------------------------------------------------.
· ما هي الطرق التي يتم بها التخلص من الأدوية المنتهية صلاحيتها:----------------------------.
· ما رأيكم بطريقة الحرق للتخلص من النفايات الطبية:----------------------------------------------------------------------------------------------------.
Appendix (B)
أستبانة خاصة ب قسم الصحة –بلدية نابلس
أخي الكريم/اختي الكريمة, باسم قسم الهندسة الميكانيكية – جامعة النجاح الوطنية – يرجى منكم التكرم بالمساعدة في الإجابة عن الأسئلة التالية لتوفير المعلومات الضرورية لاستكمال دراسة بخصوص تصميم محرقة نفايات متكاملة مع مقطرة للمياه في نابلس, علما بأن المعلومات المستوفاة ستستخدم لأغراض علمية فقط.

· من المسؤول عن ادارة النفايات الخطرة في البلدية (المسمى الوظيفي):------------------------------------------------------------------------------------------.
· مصادر النفايات الخطرة في نابلس: --------------------------------------------------------------------------------------------------------------.
· هل يوجد احصائية لكمية لنفايات الخطرة في نابلس:------------------------------------------------------------------------------------------------------.
· كمية النفايات الخطرة المنتجة يوميا:----------------.
· ألية جمع النفايات الخطرة والنفايات الطبية:---------------------------------------------------------------------------------------------------------------------------------------------------------------------------.
· هل يوجد معلومات حول مكونات النفايات الطبية الصادرة:--------------------------------------------------------------------------------------------------.
· هل يتم فصل النفايات الطبية عن النفايات العادية:------------------------------------------------------------------------------------------------------.
· هل تفرض البلدية قيود عل فصل النفايت في المستشفيات:-------------------------------------------------------------------------------------------------.
· ما هي الطريقة التي يتم بها التخلص من النفايات الطبية و النفايات الخطرة:----------------------------------------------------------------------------------------.
· ما هي الطرق التي يتم بها التخلص من الأدوية المنتهية صلاحيتها:----------------------------.
· ما رأيكم بطريقة الحرق للتخلص من النفايات الطبية:----------------------------------------------------------------------------------------------------.
· تجربة بلدية نابلس بحرق النفايات الطبية:----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------.
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