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Introduction
Dairy farm wastewater consists of three main resources, water, nutrients and energy.  Farmers are well aware of the fertiliser value through irrigation of either raw wastewater or the sludge that accumulates in dairy farm oxidation ponds.  Less is known of the potential for energy recovery through anaerobic digestion.  This paper will discuss how dairy farm wastewater can be converted into useable energy (heat or electricity), the constraints on the process (environmental conditions and wastewater solids content) and the types of digester technology that are available.

Anaerobic digestion and energy recovery

Anaerobic digestion has been used to produce biogas from organic waste in countries such as China and India for centuries.  Today anaerobic digestion is used for sludge stabilization and energy recovery in many large domestic sewage treatment plants around the world and farm-scale digesters are used in both Europe and the US.  Many of the problems that were experienced with anaerobic digestion in the 1970’s and 1980’s have now been overcome.

Anaerobic digestion processes

Anaerobic digestion involves several processes that only occur in the absence of oxygen. These processes convert organic waste to fatty acids (VFA) and alcohols and then to methane and carbon dioxide (Pavlostanthis and Giraldo-Gomez, 1991).  The rate of anaerobic digestion is influenced by a number of factors including: waste characteristics, organic loading rate, hydraulic retention time, temperature, pH, mixing, and presence of inhibitory substances.

Waste characteristics

Digester performance is strongly influenced by waste characteristics (e.g. composition, solid content).  Animal waste composition is typically quite variable with solid content varying between 2 and 12% depending upon the method of collection.

Organic Loading Rate (OLR)

OLRs are usually measured in terms of the mass of volatile solids (VS) added to the digester volume daily.  Typical values vary from 0.1 to 15 kg VS/m3/d.

Hydraulic Retention Time (HRT)

HRTs must be longer than the time for the anaerobic bacteria population to double to prevent them from being washed out of the digester.  Wastes high in carbohydrate or fat are easier to digest that those high in protein or cellulose, and thus require lower HRTs (Wellinger, 1999).  

Temperature 

Anaerobic digestion naturally occurs over a wide temperature range from close to freezing to over 100oC, but three main temperature ranges (psychrophilic, mesophilic and thermophilic) have been identified.  Digestion rates increase at higher temperatures, thus, higher waste loads can be treated, reducing the HRT and digester volume.  The conditions for psychrophilic, mesophilic and thermophilic anaerobic digestion are summarized in Table 1.

pH

The optimal pH range for anaerobic digestion is 6.8 –7.5 (Schink, 1988).  Acidic conditions due to high VFA concentrations are therefore inhibitory. 

Mixing

Mixing inoculates fresh substrate with anaerobic bacteria, reduces scum and sediment formation and releases biogas bubbles from the waste solids.  Mixing will also distribute heat to achieve an even temperature throughout the digester (Wellinger, 1999).

Inhibitory substances

High concentrations of VFAs inhibit anaerobic digestion by reducing hydrolysis and methane formation (Rinzema, 1988; Angelidaki and Ahring, 1992).  High concentrations of VFAs can result from overloading, excessive fat content, and inhibition of methane formation at high ammonia concentrations (Zeemann et al 1985).

Table 1: Summary of the conditions for psychrophilic, mesophilic and thermophilic anaerobic digestion.

	
	Psychrophilic
	Mesophilic
	Thermophilic
	Reference

	Optimal Temperature and Range (oC)
	22 (7 - 25)
	35 (25 - 42)
	60 (49 - 72)
	1,2, 6, 7

	Organic Loading Rate (kg VS/m3/d)
	>0.1
	2.5 – 3.5
	< 17.7
	7

	Hydraulic retention time (d)
	>50
	20-40
	5-20
	1, 2

	Biogas Production (m3 d-1)
	Increases with temperature 
	1, 3, 4

	Ultimate biogas production
	Same but slower
	Same
	Same but faster
	5, 7

	Biogas Production (% of VS)
	25
	35-45
	45-55
	7

	Gas composition (% CH4)
	55-70% Changes little with temperature
	7


1Wellinger et al. (1985), 2Safely and Lusk (1992), 3Lusk (1998), 4Safley and Westerman (1988), 5Safley and Westerman (1990), 6Zeeman et al. (1998), 7Wellinger (1999).

Types of digesters

There are three main types of anaerobic treatment system that are used to recover biogas from animal waste.  These are covered anaerobic ponds, plug flow anaerobic digesters and complete mix anaerobic digesters.

Covered anaerobic ponds

Anaerobic ponds are economical to construct and have been used for low temperature (psychrophilic) digestion in many temperate parts of the world, particularly the USA (Lusk, 1998).  They usually have no heating or mixing and the optimal solids content of the waste is <2% solids, hence waste management is by flushing and the digester is fed several times a day displacing an equal volume of treated effluent.  Covered anaerobic ponds have low loading rates (~ 0.1 kg VS/m3/d) and long HRTs (50-90 d).  Biogas is collected using impermeable floating surface covers.  Anaerobic ponds are already used in New Zealand to treat dairy farms effluent and wastewaters from dairy factories, piggeries, meat processing plants, and pulp and paper mills.  Some of these ponds are covered for odour control but few (e.g. Tirau Dairy Factory) capture biogas for energy production.

Plug flow digesters

Plug flow digesters are usually long troughs with a surface cover to trap the biogas.  They are un-mixed, but have controlled temperature (mesophilic).  Waste is scraped to a mix tank for pre-treatment (where additional water or manure solids are added) to ensure consistent solids content (> 9%) before entering the digester.  Waste is fed daily at one end and displaces an equal amount of digested waste from the other.   Plug flow digesters have loading rates between 1 and 3 kg VS/m3/d and HRTs between 20 and 40 days.

Complete mix digesters

Complete mix digesters are more efficient than both covered lagoons and plug flow digesters because they are mixed as well as heated (mesophilic).  To enable uniform heating the total solids concentration in the waste must be at least 3% and slurries of up to 10% solids are suitable.  The waste is best handled by scraping and as for plug flow digesters is usually pretreated in a mixing tank to ensure the optimal solids concentration.  A typical loading rate for complete mix digesters is 1.2 kg VS/m3/d and typical HRTs are 20-23 days.

Table 2: Characteristics of anaerobic digesters (Safley & Westerman, 1992; Wellinger, 1999).

	
	Covered Anaerobic Pond
	Plug Flow Digester
	Complete Mix Digester

	Depth (m)
	4-8
	3
	-

	OLR (kg VS/m3/d)
	>0.1
	1-3
	1.2

	HRT (d)
	50-90
	20-40
	20-23

	Waste handling
	Flushing
	Scraping
	Scraping

	Pretreatment
	None
	Premix-tank
	Premix-tank

	% Solids
	<2
	9-13
	3-10

	Construction
	Earthen Pond
	Concrete, steel, plastic etc
	Concrete, steel, plastic etc

	Inflow
	Several times per day
	Daily
	Several times per day

	Temperature
	Psychrophilic
	Mesophilic
	Mesophilic

	Mixing
	Usually passive
	Passive
	Active mixing


Biogas composition

Biogas typically contains 55-70% methane, 30-45% carbon dioxide and 0-2% nitrogen, with smaller amounts of odorous gases such as hydrogen sulphide and ammonia.  Trace concentrations of hydrogen, carbon monoxide and oxygen may also be present.  Biogas is usually saturated with water and may contain dust particles.

Pretreatment

Water, dust and H2S may need to be removed before use in gas boilers and for use in gas engines CO2 may also need to be removed.  Water and dust cause problems by accumulating in gas lines but may simply be removed by water traps in the gas line.  H2S is toxic and forms an acidic solution with water that is corrosive to metal (especially copper and bronze) equipment.  Problems with H2S can be mitigated to a certain extent by regularly changing the engine oil or using specialist oils that absorb and neutralize relatively large concentrations of contaminants (Lusk, 1998).  CO2 has no energy value so its removal increases engine power.  CO2 can be removed by bubbling through alkaline water.

Biogas uses

Biogas has a similar energy content to natural gas and can be used for gas heating, refrigeration or for electricity generation (Safely and Lusk, 1992).  Use as thermal energy is generally most cost-effective since electricity generation has higher capital and operating costs.  Boiler or refrigeration equipment that normally uses natural gas can be modified to use biogas.  If biogas production exceeds the farm’s thermal energy demand it may be most economical to convert biogas to electricity. The technical feasibility of using biogas to generate electricity is well established.  Excess heat from boilers and engine-generators can be circulated through a heat exchanger to improve the efficiency of the digester.  A detailed cost analysis of several options will be presented in the workshop.

Other benefits

Anaerobic digestion with biogas recovery for energy production has several additional benefits:

Anaerobic digestion

· Stabilizes manure solids and reduces sludge volume

· Reduces pathogen content and degrades pesticide residues

· Destroys weed seeds

· Produces digester sludge that can be used as an organic fertiliser, bedding material and even livestock feed

· Improves the fertiliser value of the treated effluent by mineralising organic nitrogen to ammonia, which is more available for plant uptake

· Increases the fluidity of the treated effluent, enabling easier handling (less clogging) and increased infiltration after irrigation

Biogas recovery

· Prevents odour release

· Reduces greenhouse gas emissions from animal waste (7% of the global greenhouse effect is due to methane emissions from animal excrement)

· Reduces greenhouse gas emissions from burning fossil fuels (Energy from 1 m3 biogas replaces 0.5 kg oil and reduces CO2 emissions by 2.6 kg)
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Workshop summary

Outcomes

· Bubbling in ponds indicates fermentation and helps mixing of pond.

· Covered anaerobic ponds require cleaning as regularly as uncovered system (4-5 years).

· Cost of electricity is based on a price of electricity of 11c/kwh.

· Need to take in other benefits of system especially effect of sludge.

· Has small potential to reduce green house gas. Is there a potential for a subsidy from government?

· Higher production of biogas requires more concentrated waste product through scraping.

· All figures are from 1000 cow plus farms.

· Is there a potential for combining farm waste from more than one farm?

· Heat is cheaper to produce with gas but a farm would produce too much heat for one farm, can you sell heat?

· Is there a potential for a central generation area, farms sell the gas?

· Antibiotics reduce the efficiency of biogas breakdown.

· Is there a potential that councils may enforce the use of these systems? Do these systems fit in with council policy?

· Chlorine reduces the efficiency of ponds.

· Environmental outcome better with covered ponds because gas emission is happening anyway.

· Expensive systems are subsidisied in USA.

Conclusion

Many theoretical possibilities, but cost and practicality limit options presently.
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