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1. Purpose

This document provides guidance on how to install and use biodigesters for the treatment of the organic waste streams from health care facilities with the recovery of energy in the form of biogas.
2. Scope
In many parts of the developing world, biodigesters are well established for the treatment of agricultural waste, dung and sewage at the household and village scale. In richer countries, more sophisticated versions are employed, primarily for food and agricultural waste. They also have application for hospitals and health care facilities, treating organic wastes and producing biogas as a renewable fuel.
Biodigesters are anaerobic, which means that the micro-organisms digest the food and other organic wastes in the absence of oxygen. There are several kinds of micro-organisms at work: some break the food into simpler molecules of sugars and acids, while others are able to break down the simple organic matter to form gases. Methane is the main constituent in this biogas and if collected, can be used as an alternative energy source. The by-products can be used as fertilizers, but only under strictly defined circumstances and then, only within the facility. 
This document focuses on three main waste streams: kitchen and food waste, pathological waste and sewage. Garden waste from the health care facility’s grounds and manure from the community’s livestock may also be included, particularly if they help to balance the carbon to nitrogen ratio. However, all wastes must be nontoxic, and highly infectious wastes such as cultures and stocks cannot be treated this way, but must be autoclaved in the laboratory (see related document). Wastes that contain hazardous chemicals must not be discharged to the biodigester.  Disinfectants and other cleaning products, especially persistent ones, may also disrupt the sensitive bacterial community in the digester. Carefully consider these cautions before using anaerobic digestion to treat hospital wastewaters.
Note: In urban areas, where sewage can be discharged to a wastewater treatment works, this is the recommended treatment option.

3. Definitions 

Anaerobic digestion—microbiological reactions that take place in the absence of oxygen. 
Biodigester—also known as anaerobic digester, commonly used in conventional sewage treatment works for treating sewage sludge, or for treating animal manure. It integrates the treatment of solid and liquid wastes to produce biogas, which can be collected and used for cooking, heating or even generating electricity. If linked to tertiary treatment of wastewater, such as high rate algal ponds, the ensuing water can be reused, as it will have been disinfected and the pollution load reduced significantly.  The sludge can be used for soil conditioner and a fertilizer, but it will need to be tested to ensure that it can safely be used for growing food crops.

Biogas—produced from anaerobic digestion, is a renewable fuel made up of methane (approx. 50-70%), carbon dioxide (30-40%), hydrogen (5-10%), and other gases. It can be used as a renewable fuel for cooking, heating, lighting or generating electricity. Traces of hydrogen sulphide may have to be removed to reduce corrosivity of the gas and prevent sulphur dioxide being produced when the biogas is burned. Biogas is mainly methane, much like the LPG sold in cylinders, so can be used as an alternative fuel for cooking, heating or lighting. Burning biogas for cooking generates smoke and more indoor air pollution than traditional fuels such as wood and charcoal.

Digestate or biol—the wastewater or liquids arising from the biodigester, which is usually a slurry easily separated by settling into liquid and solid fractions.
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High rate algal ponds—tertiary treatment for wastewaters, usually linked with an anaerobic digester and facultative pond. The shallow, algal “raceways” are designed  to disinfect using ultraviolet light and reduce pollution loads by naturally occurring algae, which are collected as a by-product (for example,  a liquid fertilizer). The retention time in the system is relatively long, providing a robust, low technology, low cost, low energy and low skill requirement alternative to activated sludge plants.  The paddle (acts as a pump) and raceway are shown in the photo.

LPG—the abbreviation for liquid petroleum gas, which is a flammable mixture of hydrocarbons usually stored in metal canisters of different sizes, used for cooking, lighting and heating. It is also known as pressurised natural gas (PNG).
Organic waste—is considered the part of the waste stream that is biodegradable. This means it can be broken down by biological activity, such as by micro-organisms (e.g., bacteria, fungi, etc.) and by bigger organisms such as worms, beetles and other such creatures. 
4. Responsibilities

4.1 Managers are responsible for ensuring that:

· Staff are assigned to the operation and maintenance of the biodigester

· These staff are competent in the operation and maintenance of the biodigester

· Staff receive necessary training at induction and regular intervals thereafter

· Staff are aware of any risks in the execution of their duty and have access to any necessary personal protective equipment, are vaccinated, and have access to post-exposure prophylaxis

· Sufficient funds are allocated for the safe operation and necessary maintenance of the biodigester

· Faciliites are regularly inspected and proper standards of operation are enforced;

· Data on the use and maintenance of the biodigester are collated and used to ensure that it is operated safely and efficiently.

4.2 Ward and kitchen and other personnel must:
· Segregate biodegradable waste so that it can be biodigested without any foreign materials or toxins inhibiting the micro-organisms or blocking pipes and channels to and in the digester

· Conduct regular checks of waste containers to ensure that waste is properly segregated at source and any problems are quickly detected and corrected, to prevent the wrong waste being biodigested

4.3 Biodigester operators must

· Feed waste in a timely manner so that it does not decompose and cause a nuisance

· Ensure that only non-toxic and biodegradable wastes are regularly fed into the biodigester

· Monitor pressures, levels, temperatures gas flows and other outputs to make sure that the biodigester is operating properly 

· Record the data to enable indicators to be analyzed to optimize the system

· Ensure that any excess gas is able to escape safely

· Conduct any maintenance that is within their job description and that can be undertaken safely

· Immediately report any problems that cannot be resolved to the waste manager, so that arrangements can be made to fix them as quickly as possible

5. Materials and Equipment

· A biodigester can be custom built or installed on site as a modular unit. It may be made of many materials, such as cement, hard or soft plastic, bricks, etc. Local expertise will be required to design and install a biodigester that is suitable for the circumstances in each facility.

· Installation of a biodigester will require general building tools including spades, spirit levels, etc. 

· Materials for construction of the custom-built biodigesters will likely include: 

· Cement blocks or bricks

· Concrete and shuttering

· Waterproof plaster

· Drainage pipe and connectors

· Materials for creating a stirrer to mix the wastes

· Monitoring equipment is not essential to operate a biodigester. However, it can provide useful data that can be used to better understand the individual system and troubleshoot problems. Monitoring equipment can include:

· Scale to measure the weight of waste filled per day. In the case of sewage, this can be estimated from the number of people using the facilities or via a flow meter.

· Flow meter to measure the amount of gas used. This data can be used to estimate the value of the gas generated, especially if the composition of the biogas has been determined.

· Pressure gauge to monitor the buildup of gas inside the digester. If this gets too high, gas may escape via the outlet and its value will be lost.

· Thermometer to track the ambient temperature and a temperature probe to measure temperature in the digester. If the temperature drops below the ideal, biogas generation may drop too.

· pH meter to track the pH in the digester/digestate, which should be between 6 and 7. A lower pH correlates with reduced biogas production.
· Gas analyzer to show the percentage of methane in the biogas. This data combined with the gas flow can be used to accurately measure the value of the gas produced.

· Shredders or macerators to reduce the volume of solid materials and break them up to make them more easily digested by the bacteria in the digester. When used for potentially infectious or other hazardous wastes, caution must be taken to prevent the inhalation of any aerosols.

· Suitable containers to ensure that waste is stored in a way that prevents generating odors, or attracting vectors, such as flies, rats, etc. 
· Signs, posters and other tools to be used to raise awareness of how to dispose of organic wastes.

· PPE for the workers handling the waste: waterproof overalls, waterproof gloves, boots, face mask and eye protection.

· Waste handling tools, depending on the waste stream:
· Shovels or buckets to load the waste into the digester

· Tongs to remove any plastics or other nonbiodegradable waste from the input

6. Hazards and Safety Concerns 

6.1 Each waste stream has its own issues and these need to be carefully considered in designing a biodigester for a health care facility.
· Food has the least problems, but has the potential to be contaminated, so residues should not be used outside the facility. 

· Sewage needs a long treatment time to kill enteric pathogens (100 days and a multichamber system will also improve pathogen kill). Hospital effluents may also contain disinfectants and other toxics that will damage the bacterial community and prevent proper biodigestion, so extra care needs to be taken in system design and operation. 
· Pathological waste needs to be treated with most care (100 day retention time/multichamber design recommended). 
· Although a well-designed biodigester is capable of destroying almost all of the pathogens in the waste, slurry and other residues from biodigesters that have treated sewage and/or pathological waste need to be handled with PPE unless they have been proven to be pathogen free. Where sewers exist, the simplest option is to divert effluents to sewer; otherwise, a further treatment with (for example) high rate algal ponds) is recommended. Solids will need to be removed from the biodigester every two or three years; these should be composted and dried to destroy persistent pathogens, such as the eggs of the intestinal worm Ascaris, which are frequently found in sewage.

6.2 Where mechanical equipment is used, such as shredders for reducing the volume of waste, the hazards associated with moving and cutting parts, as well as the volume of noise generated need to be taken into account to ensure safe use and cleaning of the equipment. This includes regular and documented training for operators, as well as the correct use of PPE at all times.

6.3 Infectious wastes: A suitably designed biodigester should be able to treat infectious wastes including sewage, blood and placentas, so long as they have not been mixed with disinfectants or other toxic chemicals. Staff must be trained to handle these properly, or the waste can be autoclaved before being placed in the biodigester (see related docs). Unless the outputs from biodigesters have been monitored to prove that they are not infectious, they must also be handled accordingly.  

6.4 Incorrectly disposed waste: if segregation is not perfect, personnel may be exposed to hazardous waste such as sharps. Personnel need to be trained to spot and safely remove these inappropriate wastes, to report and record the incident to be investigated, so that steps can be taken to prevent a recurrence.

6.5 Where biogas is generated and used, there is a risk from the gas being flammable and the potential for explosions. Only trained and certified professionals may be used to install or undertake work on these systems.

1. Procedure

1.1. Evaluate organic waste sources to be biodigested. Different feedstocks have different gas-producing potentials, resulting in varying daily outputs.  One kilogram of food waste yields two to three times the amount of biogas than a kilogram of cow manure, as this has already been digested through the cow’s stomachs. The quantity of waste to be digested must be known upfront to decide the size of the biodigester needed. Consider any anticipated increase in the amount of waste because the digester can have a lifetime of 10 to 20 years.  Suitable organic wastes include:

· Garden waste

· Kitchen/food waste

· Placentas, blood and other waste tissues that do not contain disinfectants or other toxics

· Waste paper and cardboard

· Sewage, provided that it does not contain disinfectants or other toxic chemicals

1.2. Wastes that should not be disposed of in a biodigester include biocides (chemicals that are specifically designed to kill living organisms) and nonbiodegradable materials:

· Disinfectants and chemical cleaning agents 

· Detergents, bleaches, acids, etc.

· Sand, plastic bags, textiles, etc. will block the system.

· POPs – persistent organic pollutants (see Stockholm Convention list), including 

· Pesticides and herbicides

· Heavy metals, etc.

· Radioactive, toxic or sharps wastes

· Fibrous or difficult to digest materials, such as:

· Lignin-containing plant wastes

· Lined (wax, foil, plastic, etc.) cardboard and paper

· Large volumes of one type of waste should be avoided and especially acidic or spicy foods

· Manure from livestock that has recently been given antibiotics or medication that may affect the micro-organisms in the biodigester

1.3. Important waste parameters must be known to make the correct decisions on whether the waste is suitable for anaerobic digestion, and the capacity of biodigester that will be suitable. The most important are:

1.1.1. Solids content - The total solids content should be around 5–10%. Wastewater should be mixed with the waste to bring it to this level.
1.1.2. Carbon to nitrogen ratio - Carbon: nitrogen ratio (C:N ratio) should be around 30, with a maximum of 35. If the carbon: nitrogen content cannot be measured directly, data can be found online to aid estimation. It is possible that the C:N ratio will be too low, in which case, consider adding straw or garden waste to increase it.
1.1.3. Physical form - Assess whether the waste needs to be shredded before being put in. Shredding larger or denser materials increases the surface area of the waste, making it easier and quicker for the micro-organisms to digest the waste. This is most likely to be the case with garden wastes. A mixer will probably be sufficient to incorporate pathological or food waste into the digestate.

1.4. Consider biodigester design. There are two main types applicable to the health care facility requirements:

1.1.4. Fixed dome: low-cost to install, it consists of a brick/concrete structure made up of a tank in the ground with a dome that extends out of the ground. Some of these digesters have a small surface area above ground, which reduces installation costs and increases efficiency, especially in terms of insulation in colder areas. The fermentation chamber is integrated with the gas-holding chamber. 

1.1.5. Floating drum: this design involves a deep, underground tank surrounded by a partition wall that is capped by a metal drum, which floats up and down on a track or guide pipe, depending on the volume of gas and organic materials in the digester. The inlet and outlets are connected to the partition wall, with the inflow higher than the outflow, so the effluent flows through the outlet. The floating metal drum regulates the pressure inside the biodigester to pressurize the gas. It is simple and easy to operate, although the metal drum is relatively expensive to purchase and maintain, given its tendency to rust or have its moving parts get stuck.
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	Figure 1: Floating drum design diagram on left and fixed dome biodigester design (right), from http://web.mit.edu/colab/pdf/papers/D_Lab_Waste_Biodigester_Case_Studies_Report.pdf


1.5. In order to decide which type is suitable, take into account the following:

· Available budget. 

· Required lifespan – biodigesters can be used for at least 20 years and should be designed with any possible expansion of the facility in mind.
· Capacity of personnel available to operate and maintain it.
· Security issues to ensure that access to the system is restricted, due to the flammable and explosivity hazards. 

· Location - should be close to the source of the waste. It is best for the wasteater to flow by gravity directly to the inlet of the biodigester. It is easier to transport the gas by pipeline than to pump the wastewater.

· Potential contamination by pathogens of by-products – where sewage or pathological waste is to be treated, ensure there is sufficient residence time (100 days) and a multi-chamber system is used.

1.6. Temperature

· Tropical areas have no problems with the optimum temperatures required for biodigesters, as the anaerobic bacteria thrive in higher temperatures. In areas where colder temperatures prevail, the tank may need to be heated during winter. 

· If temperatures within the tank reach temperatures below 20°C, the biogas production slows down and under freezing conditions, will stop.

· The optimum temperature ranges for the micro-organisms involved in anaerobic digestion include:  

· Mesophiles 20-450C and thermophiles 40-600C. 
· The temperatures maintained by mesophiles result in a more stable system, although thermophilic cultures destroy more pathogens, due to the high temperatures attained. Thermophilic systems require heating and are therefore usually too expensive for facilities in the developing world.

1.7. While temperature and pressure regulate the amount of methane produced during digestion, the size of the biodigester determines the maximum amount of biogas possible, as well as the rate at which digestion occurs.

1.8. When biodigesters are located in areas with extremes of weather, constant temperature and pressure can only be achieved with proper insulation. 

1.9. Retention time, capacity (volume), and number of chambers of the digester. 
· For the mesophilic digester, 30-40 days is usually sufficient to digest food and animal manure.

· A longer retention time (100 days) is usually used for human sewage, because of the need to kill enteric pathogens. This longer retention time is also recommended for digesters treating pathological waste. A longer retention time will also be required during winter where temperatures drop below 20°C. 
· To calculate the capacity of the biodigester, consider the:

· Volume of waste after dilution to the required level of total solids and including any projected increase

· Proportion of the digester that will be used to contain the digestate (as opposed to the biogas)

· Desired retention time

· A design with more than one chamber may be more costly to construct. However, the multiple chambers reduce the need to mix waste and limits the opportunity for pathogens to progress through the system rapidly.  For sewage and pathological waste in particular, a design with more than one chamber should be considered. 
· Alongside the technical parameters, the knowledge base of the local experts will be an important factor. 
· Using a design that is popular locally will increase the chances of it being constructed and maintained competently.

Biodigester Specifications – an example for a system with a capacity of 6m3 (6000 litres)

(  Diameter 2.2 m 

(  Height 2.5 m (including inlet, outlet and gas pipe risers). 

(  Biogas is captured and stored within the tank.

(  Biogas Generation per day: 2m3 maximum 

(  Equivalent to 4 hours burning time, 0.8kg LPG, or 3.5 kWh continuous electrical output. 

(  Generated from 40 kg of mixed organic raw material per day, with a maximum of 1000 litres of water per day. 

Taken from the AGAMA website http://www.agama.co.za/ 
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Figure 2: Diagram of a 6 m3 prefabricated biodigester system, designed for food waste, showing feed materials and downstream systems.  Source:  http://www.agama.co.za/ 
1.10. Final treatment and use of the digestate

· In city locations, where there may be no use for the slurry, or where there are concerns that pathogens persist in the digestate, it can be diverted direct to the sewer without further handling.

· In rural areas, where the digestate may be used as a plant fertilizer, the presence/absence of pathogens will need to be determined and checked whenever the biogas operations change to ensure that disinfection is still achieved.

· Where water is scarce and there is a need to reuse where possible, the installation of a high rate algal pond is recommended. This process is low in technological, energy and operational skills requirements; will result in disinfected water of a quality suitable for reuse; and will produce an algal solids by-product that can be used as a fertilizer.

1.11. Siting
When choosing the location for the digester, consider the proximity to:

· The source of the waste and storage areas to minimize handling and transport

· Where the biogas will be used to minimize piping requirements

· The sewer or other drainage system; it is easier and cheaper for wastewaters to flow under gravity than to be pumped

· The water table level during dry and wet seasons, as this will affect the methods and materials of construction
1.12. Initiation and operation of the biodigester – The biodigestion process is dependent anaerobic bacteria.  

· To initiate the biodigester, it should be seeded with cow dung or some digestate from a functioning system, to provide a starter culture of methanogenic bacteria  It may take up to 6 months for the biodigester bacterial community and gas production to stabilize. 
· Feed the biodigester regularly with small amounts or consistent waste rather than big loads of different types of waste infrequently. 

· Monitor the amounts of waste put in, biogas generated, temperature, pH and other parameters to check whether the system is operating efficiently.

1.13. Maintenance of the biodigester

· Sludge accumulation should be slow provided no inorganic waste, difficult to digest or fibrous material is discharged to the biodigester.    

· The biodigester sludge, if correctly designed, should only need to be pumped out every few years. The precise timing depends on the nature of the waste being fed in.

· Correct maintenance involves looking after the following:

· Safety or gas escape valve: a container that is half filled with water, allowing excess gas to escape. It is necessary to maintain the water level in the container.

· Sulphide filter: to remove the smell of biogas and prevent the production of sulphur oxides during burning. It must be filtered by passing it through a sulphide filter. These can be bought, but a low-tech option is steel wool, which must be changed regularly.

· Condensed water: collects in the biogas pipes, which from time to time must be drained regularly.

· Biogas pressure gauge: must be checked regularly and calibrated according to the manufacturer’s instructions.

7. Reporting and Recordkeeping
8.1 Any incidents relating to the operation and maintenance of the biodigester, including receipt of improperly segregated waste must be reported to the department manager for action. 
8.2 Where prescribed by local legal requirements, the relevant authorities must also be notified of any incidents, such as needle stick injuries and fires and/explosions arising from the generation, storage or handling of biogas.

8.3 Monitor the amount of waste fed in, biogas produced, temperature and pH to ensure that the biodigester is operating smoothly.
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9. Related Documents
· Doc 504: Waste Receipt Log, including organic wastes as a separate waste stream and treatment volumes for the Biodigester

· Doc 309: Incident Log 
· Doc 308: Incident Reporting Form

· Doc  532: Autoclave Operation Log (for verifying treatment of infectious wastes sent to the biodigester)
10. Attachments

None

These documents were first produced by FHI 360 and HCWH under funding provided by the CDC to support and inform proper management of health care waste.
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