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The Appraisal of Mesophilic Anaerobic Digestion and Thermophilic Aerobic Digestion
in the Treatment of Municipal Sludge In Ireland

ABSTRACT

It has been well documented that the optimum feedstock for anaerobic digesters consists
of readily biodegradable compounds, as found in primary sludge or even a mixed
substrate of primary and excess activated sludge. Due to the requirements of the Urban
Wastewater Treatment Plant Directive of 1991, the quantities of secondary sludge
generated is set to increase substantially. A pilot scale study was undertaken to evaluate
the performance of both Mesophilic Anaerobic Digestion and Thermophilic Aerobic
digestion in the treatment of secondary sludge. The results indicated that the anaerobic
pilot scale digester achieved a greater solids destruction than the aerobic pilot plant
averaging at 28 % T.S. removal verses 20% for the aerobic digester, despite the fact that
secondary sludge is the optimum feedstock for aerobic digestion. This can, however, be
attributed to the greater biomass yield experienced with aerobic systems, and to the
absence of Autothermal conditions.

At present, the traditional technique of Mesophilic Anaerobic Digestion is in
widespread application throughout Ireland, for the stabilisation of sewage sludge. There
is only one Autothermal Thermophilic Aerobic Digester at present situated in Killarney,
Co. Kerry.

A further objectives of the study was to compare full-scale applications of Mesophilic
Anaerobic Digestion to ATAD. Two Sludge Treatment plants, situated in Co. Kerry,
were used for this purpose, and were assessed mainly under the following headings;
process stability, solids reduction, and economics. While both technologies achieved the
same level of solids reduction on average, the ATAD plant in Killarney has the
advantage of producing a ‘Class A’ Biosolid in terms of pathogen reduction, and can
effectively treat double the quantity of sludge. In addition, economically the ATAD
plant is cheaper to run, costing € 190 / t.d.s verses €211/ t.d.s. for the anaerobic digester
in Tralee. An overview of additional operational Anaerobic Digestion Plants throughout
Ireland is also presented.

v
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Chapter 1. : Introduction

1.1 “SLUDGE”, A NEED FOR TREATMENT

Sewage sludge is a by-product of wastewater treatment processes. Sludge produced
from munictpal sewage treatment generally falls into one of two broad classifications:

Primary or Secondary sludge.

Primary sludge is generated from the settlement of raw wastewater and is highly
putrescible in nature, with a water content of approximately 94 — 98%. Secondary
sludge is the settled product from the biological oxidation of organic matter. Secondary
sludge is more stable than primary, but contains a larger volume of water, typically in

the range of 97.5% - 98.5% and is therefore more difficult to dewater (Gray, 1999).

Sewage sludge is composed of mineral and organic matter, living organisms (bacteria
and protozoa) and potentially pathogenic organisms or toxic compounds, which may
restrict the disposal options available. Stabilisation prevents the putrefaction of the
sludge during storage, destroys pathogens, causes partial destruction of volatile solids,
and reduces the overall volume of sludge for disposal. There are numerous stabilisation
techniques classified as: Biological, Chemical and Thermal. The most sustainable
options, however, are those which will allow the re-use of the sludge in agriculture, as

sewage Sludge is a valuable commodity, rich in nutrients (Cheremiginofﬁ 2002).

1.2 THE EVOLUTION OF SLUDGE MANAGEMENT AND LEGISLATION iN IRELAND

Over the past decade, environmental regulations in relation to the treatment, disposal

and reuse of Biosolids in Ireland have evolved at a rapid pace, for a number of reasons:

(1) Due to stricter controls on the quality and quantity of sludge that can be
applied to agricultural_land.
Up until 1991, the use of sewage sludge in agriculture was uncontrolled. It was in
this year that EC directive 86/278/EEC (On the protection of the environment and in
pérticular the soil when sewage sludge is used in agriculture) was brought into Irish
legislation under SI 183 of 1991. This Directive regulates the quantity and quality of

sewage sludge that can be applied to agricultural land, based on heavy metal
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content, micro-pollutants and the amount of nutrients that can be safely applied to

the soil.

(2) A increase in the volume of sludge for treatment.
EC Directive 91/271/EEC (Concerning Urban Wastewater Treatment) was brought
into Irish legislation, under SI 419 of 1994. The Directive stipulates that secondary
treatment shoﬁld be facilitated in all towns with'a p.e. of greater than 2000, by the
year 2015, and also banned the dumping of sewage sludge at sea after 1998,
increasing the overall quantity of sludge fequiring treatment. Because this directive
would have major implications in the future of sewage sludge generation and
disposal in Ireland, the DoELG commissioned a study to determine the quantities,
types, and best means of treatment for Biosolids (“Strategy Study on Options For
the Treatment / Disposal of Sewage Sludge in Ireland”) in 1992. This report
concluded that, in 1993, approx. 37,500 tonnes of dry solids (tds) was produced in
Ireland and estimated that this figure would increase to 129,795 tds by 2013, in -
line with the implementation of the Urban Wastewater Treatment Directive (Bartlett
and Killilea, 2001). To facilitate the management of such large volumes of studge,
the country was sub-divided into regions, proposed as sludge treatment centres or
Hub Centres. Recommendations were made, based on available information, as to

the sludge treatment technology most suitable for each Hub Centre.

(3) The elimination of traditional disposal sites (landfill, and sea dumping).
In addition to the ban on disposal of wastewater to the sea imposed by the
implementation of the Urban Wastewater Treatment Plant Directive of: 1991, the
Dumping at Sea Act of 1996 (no. 14 of 1999) gave effect to the OSPAR convention
of 1992, eliminating dumping of sludge at sea by 1999 (Bartlett, and Killilea, 2001).
The disposal of sludge to landfill ceased following the introduction of The Waste
Management ‘Act of 1996 (no. 10 of 1996) and Furopean Council Directive
1999/31/EC (on the landfill of waste). Furthermore, under The Waste‘Management
(Planning) Regulations, 1997, S.I 137 of 1997, Local Authorities were required to
quantify sludge production arising in their functional area, by means of a Waste
Management Plan. The Waste Management Plan must include, options for the

treatment, reuse and disposal of Biosolids.
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These legislative regulations prompted the publication of a guidance document, for

the use of Biosolids in agriculture in 1999 (Code of Good Practice for the Use of

Biosolids in Agriculture). This is a mandatory code which provides advice to

Biosolids producers in relation to:

The treatment of Biosolids to produce a pasteurised product.
Suitability of land, for Biosolids re-use.

Transportation and spreading of Biosolids

Nutrient management planning

Quality control

Liasing with the Customers

To achieve a pasteurised product, the ‘Code’ specifies the following treatment

alternatives:

Mesophilic anaerobic digestion with pre/post sanitation (Mean retention
time of 12 days @ 35 °C, plus retention at >70 °C for 1 hr).

Thermophilic anaerobic digestion (Mean retention time of 2 days @ > 55
°C or 4 days @ 50 °C).

Thermophilic aerobic digestion.

Composting (windrows or aerated piles).

Alkaline stabilisation.

Thermal drying.

The final product is considered to be pasteurised when a microbial standard of

faecal coliforms <1,000 MPN per g of dry solids and Salmonella sp, < 3 MPN per

4g of dry solids, is attained.

This desired level of pathogen destruction is reflective of the U.S. EPA rule 503

regulations of 1994. Unlike the Code of Good Practice, compliance with the US

EPA rule 503 is compulsory in the United States. In this case, Biosolids are

classified into three categories, depending on degree of stabilisation achieved, which

determines the final reuse or disposal route. In terms of pathogen reduction, a Class
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‘A’ (Density of Faecal Coliforms in the biosolids must be less than 1,000 MPN per
g T.S. or Salmonella sp. of less than 3 MPN per 4g T.S.) can be applied to
agricultural land without restriction, Class ‘B’ (Faecal coliform content of less than
2,000,000 MPN per g T.S.) can be applied to land with restriction (e.g. soil injected)

and, Class ‘C’ can not be spread on land, and is highly putrescible in nature.
1.3 AIMS AND OBJECTIVES OF THIS STUDY

This study is concerned with two biological sludge stabilisation methods,
Mesophilic Anaerobic Digestion and Thermophilic Aerobic Digestion. The aims of

this project are as follows:

= To review the current state-of-the-art Mesophilic Anaerobic Digestion as a
traditional sludge stabilisation technique, and the newer technology of

Thermophilic Aerobic Digestion in Ireland.
* To Compare Mesophilic Anaerobic Digestion to Autothermal Thermophilic
Aerobic Digestion, based on full-scale operations in County Kerry, (in terms

of process stability, solids destruction and economics).

® To evaluate pilot plant performance in the treatment of secondary solids.
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2.1 DEFINITION OF ANAEROBIC DIGESTION

Anaerobic digestion is a fermentative process involving the solubilisation and reduction
of complex organic molecules, by a synergistic group of microorganisms, in the absence
of oxygen. Anaerobic digestion produces stabilised Biosolids, reduces biomass quantity

by partial destruction of volatile solids, and produces a useable gas as a by- product.

The composition of this biogas varies, and depends to a large extent on the nature of
the feedstock, organic loading rate, the hydraulic retention time and the temperature of
anaerobic decomposition. However, typically, biogas is composed of the following:

e Methane (CHy) 55-56% |

e (arbon dioxide (CO;) 35 - 45%

e Nitrogen (Ny) 0-3%

o Hyd;ogen (Hz) 0-3%

¢ Hydrogen sulphide (H,S) 0- 1% (Polprasert, 1996).

2.2 MICROBIOLOGY OF THE PROCESS

Anaerobic digestion occurs in a series. of four interdependent stages, hydrolysis,

acidogenesis, acetogenesis, and methanogenesis.

A. Hydrolysis

Hydrolytic bacteria are a group of heterotrophic organisms, typically strict and
facultatively anaerobic in nature. The hydrolytic bacteria are responsible for the
solubilisation of complex organic macromolecules, such as protein, cellulose, lignin and
lipids, into smaller monomers (glucose, amino acids, fatty acids-and glycerol), which
can be directly utilised by the next group of organisms (acidogenic bacteria) (Bitton,
1994). Hydrolysis is achieved by extracellular enzymatic degradation of the substrate,
and has been identified as the rate limiting stage of anaerobic digestion (Tiehm et al.,
2001). ‘
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B. Acidogenesis

The acidogenic bacteria, are mainly obligate anaerobes, which convert sugars, amino
acids and fatty acids to organic acids (volatile fatty acids, alcohols and ketones,
(ethanol, methanol, glycerol, acetone), acetate, CO; and H,. The resulting products of

acidogenesis are ultimately determined by the types of bacteria present (Bitton, 1994).

C. Acetogenesis

The acetogenic population includes a number of bacterial groups capable of acetate
production. The first group being sulfate reducing bacteria (SRB) (non obligate proton
reducing bacteria), which produce acetate and hydrogen in a mixed culture (Marty,
1984). Numerous studies have focused attention on competition between SRB and
methanogens in the anaerobic digester environment (Fukui et @/, 2001). However, a
compatible relationship can exist in nutritionally rich environments, such as sewage

sludge and animal wastes (Ueki ef al., 1992).

The second group is the obligate hydrogen producing acetogenic bacteria, which forms

an important symbiotic relationship with the methanogenic population.

The third group is the homoacetogenic bacteria which produces acetate from fructose,
but are also capable of oxidising hydrogen and reducing CO; into acetic acid, acting as
competitors to methanogens or as synotrophic donors of acetate, hydrogen and CO;
(Marty, 1984; Kotsyurbenko ef al., 2001).

D. Methanogenesis
Methanogens differ significantly from other bacteria. The most significant characteristic
of the methanogen group is their ability to generate methane under strict anaerobic

conditions (Lange and Adring, 2001).

In the anaerobic digester environment, there are three substrates which are important to
the methanogenic population; acetic acid (which yields approx. 70% of the methane

produced), hydrogen and CO, from which the remaining methane is formed. The




Chapter 2 A Literature Review of Anaerobic Digestion

bacteria responsible for methane production can be sub-divided into the groups based

on their substrate preference:

e Acetoclastic methanogens

¢ Hydrogen utilising methanogens (Polprasert, 1996).

The acetoclastic bacteria convert acetate to methane and CO»:

(CH; COOH —» CH4 + CO»). Acetoclastic bacteria have a very slow generation
time (p max =0.04 hr) in comparison to the acidogenic population {p max ~1 hr)
(Bitton, 1994). This is the reason that, during process instability, Volatille fatty acids
(VFA) may accumulate, which inhibits the activity of subsequent synergistic bacteria,
resulting in pH decline. The pH does not affect the acidogenic bacteria themselves,

however, until it drops below 4.5 (Marty, 1984).

The hydrogen utilising methanogens convert hydrogen and CO; to methane as follows:
CO; +4H; ——— CHy + 2H;0. In doing this, hydrogen partial pressure within the
reactor is kept low, aiding in the conversion of VFA and alcohols to acetate, by the

acetogenic bacteria (Bitton, 1994).
2.3 THE DEVELOPMENT OF ANAEROBIC DIGESTION TECHNOLOGY

Anaerobic digestion of municipal sludges is not a new technology, having been in use
since the end of the 19" century. The earliest applications of the technique were for the
treatment of domestic sewage in Septic tanks and Imhoff tanks, and, over 100 years
later, the technique is still in widespread use for the treatment of sewage sludge from

urban wastewater treatment plants (Braber, 1995).

There are generally three types of reactors used for the anaerobic stabilisation of sewage

sludge, due to the high solids content of the feedstock. These are:

o The standard rate digester

¢ The high rate digester
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e The two stage digester

A. Standard Rate Digester
In standard rate digestion, sludge is fed intermittently to the digester and remains
unmixed and unheated. As a result, four layers develop within the tank.

(1) Scum layer, which forms due to the flotation of light materials like fats, oils

and grease carried to the surface by rising gas bubbles.

(i1) Supernatant layer

(i}  Actively digesting solids

(iv)  Digested inert solids.

The supernatant and digested sludge are withdrawn by gravity to an overflow weir
during feed administration. In the standard rate, or low rate digestion system as it is
often called, the digestion period is long, ranging from a hydraulic retention time (HRT)
of 30 — 60 days. Biogas generated during the process exits the reactor vessel through the

top of the tank, where it is collected and used for electricity generation (Quasim, 1999).

Feed Scum Supernatant to treatment plant

Supernatant

Active Layer

Stable sludge

Digested Biosolids

Figure: 2.1 The Standard Rate Digester
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~

B. The High Rate Digester / Continuously Stirred Tank Reactor (CSTR)

In general, the reactor configuration in a high rate digester is quite similar to that of the
standard rate digester. There are a number of modifications, which facilitate the
application (;f a greater organic loading rate (OLR) and solids loading rate (SLR). These
include the addition of heat by internal or external heat exchangers, and mixing by gas
injection, recirculation or mechanical means. Typically, anaerobic digesters are operated
in the mesophilic temperature range, 35°C, although thermophilic operation is set to
increase in line with the stringent requirements of legislation. The provision of these
key elements improves digestion efficiency and reduces HRT to 10 — 20 days (Lusk,
1999; Oleszkiewicz and Mavinic, 2002).

Sludge feed can be administered by batch or on a continuous mode. Continuous feeding
is traditionally favoured to maintain constant conditions in the reactor (Tchobanoglous
and Barton, 1991). However, Azbar ef al., (2001) contradicts this traditional feeding
regime, in favour of the batch fed system, following pilot trials using a number of
digestion systems. In their study, a batch fed single stage CSTR produced a higher
quality effluent than a continuously fed single stage CSTR during the treatment of a
range of test substrates. As with the standard rate system, gas in the high rate system

exists the reactor through the roof of the tank, to the collection tank.

Heat ﬁs\

06006
—Py »|  Active zone
Feed L Completely
Mixed
Recycle
Digested Biosolids

Figure: 2.2 The High Rate Digester
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C. Two - Stage Digester -

In this process, two digesters are operated in sequence. The first tank is a CSTR, in

which active decomposition occurs, while the second tank is unmixed and receives the

hydrolysed sludge from the first reactor. The second tank is used mainly for storage and

supernatant formation. Both tanks are identical in design, to facilitate greater flexibility

in operation. Gas is produced in both reactors and therefore gas collection must also be

provided in each instance. In essence, the two-stage system consists of the high rate

digester CSTR followed by the standard rate digester (Hammer, 1998).

Gas Gas
Heat Supernatant
——»
Completely | Transfer Digested
Feed Mixed Sludge Biosolids

N

Figure: 2.3 The Two Stage Digester

10
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2.4 PARAMETERS FOR OPTIMUM DIGESTION
2.4.1 Temperature

‘Bacteria are classified by three ranges of temperature at which they can grow.
Generally, different strains of baéteria grow in the different temperature ranges. The
ranges for growth are:

¢ Below 0 °C to 15 °C (Psychrophilic)
e From 15 °C to 45 °C (Mesophilic)
o From 45°C. to 70 °C (Thermophilic)

The rate of digestion is temperature dependant. In the temperature range below 45 °C
digestion becomes slower as temperature decreases, and mesophilic digestion virtually
ceases at about 15 °C. However, the bacteria are not inactivated and digestion will take
place if the bacteria are allowed sufficient time to acclimatise to environmental
conditions. Above 50 °C, in the thermophilic temperature range (65 °C to 70 °C),
digestioh takes place at an increased rate, as substrate utilisation is increased. To date,
the majority of research has focused on mesophilic digestion. It is accepted, .however,
that the bacteria concerned in thermophilic digestion are different species than those of
a mesophilic digester. In general, the optimum temperature for mesophilic digestion is

about 35 °C and for thermophilic digestion 55 to 60 °C (Hobson and Wheatley, 1993).
2.4.2 Feedstock Characteristics

Typically, anaerobic sewage sludge digesters are fed a mixed feedstock of primary and
secondary sludges. Primary sludge contains faecal particles, toilet papers, cotton wool
materials, and street debris. The majority of such paper materials are treated during
manufacture to make then ‘soluble’, therefore the cellulose within these materials will
be easily degraded in the digester (Hobson and Wheatley, 1993). Primary sludge is
predominantly composed of biodegradable materials, thus a high proportion of the
volatile suspended solids can be converted into biogas (55% — 65%) at mesophilic

temperatures (De Souza Araujo ef al., 1998).
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Secondary sludges, are composed mainly of finer faecal matter and microbial cells.
Microbial cells from the secondary treatment stage contain starch-like storage
polysaccharides, which form different cell structures. Mucopolysaccharides, from gut
secretions are complex polysaccharides, which are believed to be non-degradabie by
anaerobic digestion, even if liberated by death and lysis of faecal bacteria or intestinal
cells. As a result, it is considered that they do not contribute greatly to the overall biogas

production (Hobson and Wheatley, 1993).

It was proposed by De Souza Araujo ef al,, (1998), that there was a direct relationship
between the composition of the organic materials of waste activated sludge (WAS) and
the extent of biodegradability in an anaerobic digester. The volatile fraction of -WAS
was considered to be composed of an active fraction, formed by live material, and an
inactive fraction which does not exhibit metabolic activity in an acrobic environment.
The study involved the generation of five different sludges with different sludge ages,
having active (live) sludge fractions from 16 to 76% of the volatile sludge concentration
(calculated from the measured specific oxygen utilisation rates). The five different
sludges were then fed to five correspohding anaerobic continuously stirred tank
reactors, operating at a 20 day HRT. This study confirmed that, while a typical WAS
may contdin 65 — 70% Volatile solids (V.S.), not all of this matter is readily
biodegradable, as digestion efficiency was 53% for the active sludge (live fraction 76%
of the V.8)) aqd just 15% for the inactive sludge (live fraction 16% of the V.,S.).
Therefore, the success of anaerobic digestion depends largely on the sludge age of the

feedstock.

2.4.3 Pre-treatment of Secondary Solids

While all organic compounds are biodegradable, the initial stages of anaerobic digestion
are rate-limiting i.e. hydrolysis and solubilisation. However, there are a range of pre-

treatment applications that can significantly increase the rate of biodegradation by

physically, chemically or mechanically altering the microbial cell (cell lysis).
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A. Ozone
Ozone is a very reactive oxidising agent. It reacts with the sludge compounds through
two pathways, which occur simultaneously:

- Direct attack by electrophilic addition

- Indirect attack by free radicals produced by reaction with water and water

constituents

The oxidation of sludge with ozone destroys microbial cell walls, dissolving cell
cytoplasm in the sludge water. It splits water insoluble substances with high molecular
weights into smaller water soluble and biodegradable fragments, and alters the sludge
matrix (protein, lipid, polysaccharide) composition increasing the degree of
biodegradability (Scheminski ef al., 2000; Weemaes er al., 2000)

B. Ultrasound

Ultrasound is a pressure wave, wheﬁ applied to sludge at a frequency of 20 — 40 kHz,
the ultrasound travels through the medium releasing a vast amount of energy. This
release of energy leads to the production of gas and vapour bubbles at high velocities,
which grow and collapse rampantly (known as acoustic cavitation). The temperature
and pressure achieved inside the collapsing bubbles leads to the generation of very
reactive hydroxyl radicals (Wang ef al., 1999; Chu er al, 2001; Tiehm et al., 2001;
Onyeche et al., 2002).

Tiehm ef al. (1997), concluded that, following ultrasonic treatment of sewage sludge,
the COD in the aqueous phase increased (as organic substances from the sludge solids
transferred to the aqueous phase). Particle size reduction was observed which
corresponded to COD increase in aqueous phase, and the organic compounds
transferred to aqueous phase were readily biodegradable, demonstrated by an increase in
biogas production and volatile solids reduction. In addition, since there is a increase in
temperature attained during the process, the microbial density of the sludge may also be
affected. Insufficient investigations have been conducted in this area however, to

confirm this suggestion ( Lafitte ~Trouque and Forster, 2002).
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C. Mechanical Disintegration

Mechanical disintegration is a method of physically disrupting the microbial cell wall
barrier, releasing intracellular material for further biological metabolism. Two
commonly used methods of mechanically disintegrating sludge is the ball mill
(efficiency depends on a number of factors, such as; ball diameter, revolution speed,
ball material and sludge concentration and quality) and cutting mill. Mechanical
disintegration of waste sludge significantly enhances the soluble fraction of total COD
(Baier and Schmidheiny, 1997, Wook Nah ef al., 2000).

D. Thermal Hydrolysis

Thermal Hydrolysis at high temperature and pressure (typically 130 °C - 180 °C for 30
mins at corresponding vapour pressure) alters microbial cells by breaking down the cell
membrane releasing COD bound in the sludge, to the water phase as dissolved COD.
Studies on thermal hydrolysis have highlighted many advantages of its use prior
anaerobic digestion such as:
- Increase in gas yield
- Application of higher concentration of sludge to digesters, since the viscosity of
the sludge is altered (i.e. sludge with 12% DS can be handled as a sludge of 5 —6
% DS)
- Improved dewatering after digestion
- Class *A’ Biosolid (in terms of pathogen removal) which can be spread directly
to agricultural land (Weisz ef al., 2001; Oorshot, 2003; Panter, 2003; Sorensen,
2003).

2.4.4 Potentially Toxic Compounds

Hydrogen ion concentration, and several other compounds such as heavy metals and
chloro-organic compounds, affect the rate of anaerobic digestion, even at very low
concentrations. However, the presence of these compounds at inhibitory concentrations

is unlikely in sewage.
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Potentially toxic compounds that might be present are 6xygen and sulphide. Some
oxygen may be introduced in the influent distribution system,-but it will be used for
oxidative metabolism in the acidogenesis process. Sulphide can be formed in the
process due to the reduction of sulphate. Research indicates that the expected sulphide
concentration in anaerobic sewage treatment systems may up to 50 mg/l, which is far
lower than the minimum concentration for noticeable toxicity. Therefore, sulphide

toxicity will normally not be a problem (Van Haandel and Lettinga, 1994).

One group of compounds that form an important part of sludge preparation are
polyelectrolytes, yet little information exists on the effects of polyelectrolytes on
subsequent sludge treatment unit operations, beyond that of dewatering. In a recent
study by Chang et al, 2001, the biodegradability of a flocculent polymer was
investigated. To determine aerobic biodegradability, oxygen consumption was
measured, while anaerobic biodegradability was measured by gas production, following
inoculation of the cultures with the polymer at varying doses. It was concluded that the
test polymer (Zetag 787) was subject to partial degradation by both aerobic and
anaerobic cultures, as the pedant-groups of the polymer were hydrolysed and partially
degraded. The removed portion was completely degraded anaerobically, but not
aerobically, while the remaining acrylamide or acrylate polymer chain was not
significantly degraded. Not all polyelectrolytes degrade in the same manner, however.
In another study conducted by Uyanik es al. (2001), a range of polyelectrolytes was
examined to determine the degree of inhibition imposed on anaerobic digestion.
Specific methane activity (SMA) tests demonstrated that different types of
polyelectrolytes caused various degrees of inhibition of anaerobic seed, (see Appendix
A).
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2.4.5 Mixing

Although some natural mixing occurs in an anaerobic digester, because of rising sludge

gas bubbles and the thermal convection currents caused by the addition of heat, this

level of mixing is not adequate to ensure stable process performance at high loading

rates.

It is therefore necessary that a mixing system is installed to create an

homogeneous environment throughout the reactor.

There are a number of techniques to ensure adequate mixing within the digester, such as

gas injection, mechanical mixing, and mechanical pumping (Quasim, 1999).

1.

Gas Injection: there are two main types of gas injectors, described as unconfined
and confined. In the unconfined system, gas is collected at the top of the reactor,
compressed and then discharged through diffusers situateql at the bottom of the
reactor or through a series of radially placed top —mounted lances. Mixing is
achieved by the releases of gas bubbles which rise to the surface, carrying and
moving the sludge. In the confined system, while gas is again collected at the
top of the reactor and compressed, it is then discharged in the digester through
confined tubes. There are two main types of confined system, depending on the
type of gas distribution system required, The Gas Lifter System and The Gas
Piston System. Both the unconfined and confined gas injection systems are

suitable for use in digesters with fixed, floating and gas holder covers.

Mechanical mixing: such mixers are usually installed into a shaft tube to
promote vertical mixing. It is necessary to ensure preliminary treatment is in
place to prevent fouling of propellers by rags and other transient materials. Low
speed turbines are usually employed for mixing. Mechanical mixers are suitable

for use in digesters with fixed or floating covers.

External pumped circulation: Sludge is pumped out of the digester and then

returned by recirculation. Sludge is usually removed mid way in the digester and
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can be returned to the base or surface of the reactor to break-up scum. This

method requires high-energy input.

Numerous studies have been conducted on the importance of mixing in terms of
digester performance, many of which having contradictory outcomes. For example, the
importance of mixing was illustrated by Casey {1984), who outlined that inadequate

mixing caused two main problems within the reactor:

a) Floatation of solids, due to biogas bubbles growing on the surface of the
digesters solids which can cause buoyancy forces and thus solids form a
surface floatation layer.

b) Settlement of heavier selids forming a bottom deposit layer.

Floatation is deemed to be the most detrimental to the digestion process, since the
particles which float are centres of colonisation for .methanogens. Casey also noted that
significant mixing can occur in a full scale digester naturally without supplementation,
~ due to biogas production and convective currents caused by heating, primarily due to
the velocity of gas bubbles as they rise to the top of the reactor, thus mixing intensity is
design dependent. Pilot scale digesters do not have the height required to ensure
adequate natural mixing and thus inadequate mixing is apparent in such cases.
However, Stroot ef al., (2001) also noticed contradictory information on the topic of
digester mixing, and so conducted a pilot study to determine the implications of
variations in mixing regime for the stability of mesophilic anaerobic digesters. The test
substrates included: the organic fraction of municipal solid waste, primary sludge, and
waste activated sludge (WAS). Six digesters were operated to compare performance
under continuous mixing and reduced mixing levels at various loading rates and solids
levels. The main outcome of this research was that continuous mixed digesters exhibited
unstable performance at higher loading rates (propionate accumulation), while the
minimally mixed digesters performed well for all loading rates evaluated. Results also
showed that an unstable continuously mixed digester was quickly stabilised by reducing

the mixing level,
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2.4.6 Adequate Metabolism Time

Kiely (1997), defined hydraulic retention time (HRT) as:Working volume of reactor( L)

Rate of sludge removal (L / D)

And solids retention time (SRT) as: - Mass of solids in reactor (kg)
Rate of solids removed (kg/d)

Both parameters are of critical importance to the anaerobic digestion process, as the
retention time must be higher than the generation time of the slowest growing
microorganism in the system, to prevent wash-out of the active biomass, and must also
be long enough to achieve the required degree of volatile solids destruction (Dohanyos
and Zabranska, 2001). The methanogens have the slowest generation time, when
compared to the other members of the anaerobic digester microbial consortia, ranging
from less than two days to more than 20 days at a mesophilic temperature (Malina and
Pohland, 1992).

In a CSTR without recycle, the HRT and SRT are equal, ranging from 15 — 30 days
typically (Tchobanoglous er al., 2001). At the higher range of retention time, a safety
factor against wash-out is permitted and maximum contact time is allowed, facilitating

fermentation of slow digesting polysaccharide feedstocks.

2.5 MONITORING AND CONTROL OF THE DIGESTER ENVIRONMENT

2.5.1 Sensors for Anaerobic Digestion

Anaerobic digestion process stability is considered to lag far behind that of its aerobic
digestion (Feitkenhauer, 2001). Process instability may arise due to organic
overloading, hydraulic overloading, toxins in the feedstock, and temperature
fluctuations, which may result in the accumulation of intermediate by-products (VFA),
leading to environmental changes within the digester and a shift in microbial

populations. Considering the fact that methanogens have the strictest environmental and
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nutritional requirements, such instability often leads to a decline in numbers. With
inadequate process control, souting of the digester is inevitable. Fortunately, due to the
complex nature of the process, which involves a series of interdependent microbial
stages of degradation, and due to a good understanding of the process biology;
instability, should it occur, can be foreseen by regular analysis of process intermediates
and by-products, allowing remedial action to be taken. The analytical parameters chosen
may be indirect indicators, such as the concentration of a metabolite in the digester, or a
direct status indicator, such as the number of active microorganisms in the system. The
most common parameters used to indicate process stability are indirect, including pH,
alkalinity, VFA, biogas production and methane yield (Bjornsson et al., 2001; Michaud
et al., 2001). Howevgr, a number of other parameters are used to evaluate overall

removal efficiency, mainly solids analysis and chemical oxygen demand.
2.5.2 pH

pH represents the acidic nature of a'liquid or the total concentration of hydrogen ions
within the liquid (Fifield & Hains, 2000). It is used extensively as a monitoring tool of
the anaerobic digestion process, and was considered the most important parameter by
Irish plant operators in a survey conducted in 2000 (Scahill, 2000). Typically, anaerobic
digesters operate at a narrow pH of 6.8 — 7.2. This is indicative of proper balance
between the material entering and that discharged from the digester (W.P.C.F, 1987).
Should the pH decrease below 6.0, the methanogenic bacteria are inhibited,
characterised by a decline in methane production and VFA accumulation within the

digester (Dohanyos and Zabranska, 2001).
2.5.3 Alkalinity

The alkalinity of a liquid is a measure of its capacity to neutralise acids. There are three
major classes of materials that contribute to the alkalinity of a liquid: hydroxide,
carbonate, and bicarbonate. In anaerobic environments salts of weak acids such as
acetic, propionic, and hydrogen sulphide also contribute to the total alkalinity of the
hiquid (Sayer, 1999).
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Alkalinity within the digester is of major importance during the acid phase of the
anaerobic digestion process, to ensure adequate neutralisation or buffering of
- intermediate acids, ensuring optimum conditions for methanogenic bacteria. Typically,
anaerobic digesters may have an alkalinity of 2000 — 6000mg/l as CaCQ;. However,
should alkalinity fall below this level, a number of steps can be taken to alleviate
imbalance. The first is to cease feeding until the pH increases to 6.8 (approx.), this
action allows the methanogenic population time to consume the backlog of VFA.
Secondly, chemicals may be added to increase the alkalinity, and thus the pH, within the
digester artificially. Chemicals such as bicarbonates (which add bicarbonate alkalinity
directly) or carbonate salts (which trap CO, from the gas and convert it to bicarbonate)
are utilised. The addition of chemicals in the bicarbonate form is preferred, as precise
additions can be achieved, unlike the carbonate salts, which must be added in small
steps (to prevent the accumulation of insoluble calcium saits) to allow time for gas

equilibrium to occur between each addition (Dohanyos and Zabranska, 2001).

2.5.4 Volatile Fatty Acids (VFA)

VFA such as: propionate, butyrate, iosobutyrate and acetate, are formed as
intermediates during the anaerobic degradation of carbohydrates, proteins, and fats.
Excess VFA can be inhibitory to the digestion process and must be managed. Typically,
VFA concentrations ranging from 50 — 250 mg/l as acetic acid indicates a satisfactory
balance between the methanogenic and acidogenic bacteria. However, should inhibition
of methanogens occur, due to operational or environmental changes, a decrease in the
rate of VFA destruction may occur, leading to accumulation within the system and a
corresponding reduction in pH. Under conditions of imbalance, VFA’s may reach
concentrations of 2000 — 6000 mg/l and will not decrease until a neutralisation agent is

added to increase pH to the required level (Sayer, 1999).

In terms of methanogenic bacteria, metabolism of short chain fatty acids are of vital

importance. Acetate, for example, yields to approx. 75% of the methane produced
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during digestion. 'Propionate and butyrate are important VFA’s also, not only for the
reason that they may be further converted into acetate and hydrogen, ultimately yielding
methane, but also because the accumulation of these intermediate acids in the
undissociated form retards the growth of several microbial species, which may cause a

subsequent decrease in methane production (Aguilar, 1995).

Propionic acid in particular has been proposed as a valuable indicator of process
performance. It has been noted to accumulate within the digester when the process has
been subjected to shock loading, overloading, or during start-up (Gujer, 1983). A study
conducted by Inanc er al, (1996), proposed that propionic acid accumulation during
process instability is due to shifts in the acidogenic bacterial population and end product
distribution. Following pilot anacrobic digestion trials, microscopic examination of
anaerobic biomass showed the bacteria present to be gram-positive rods, during periods
of butyric acid accumulation, while during periods of propionic acid accumulation the
bacteria were gram-negative rods. The study also suggested that the two- phase
anaerobic digester configuration, where the acidogenic reactor is operated at a pH of 5
or less, could prevent propionic acid accumulation, as the propionic acid producing

bacterial species were inhibited during pilot trials at pH 5.
2.3.5 COD (Chemical Oxygen Demand) and its Equivalence of Methane

COD is a measure of the amount of oxygen required to chemically oxidise organic
matter in a sample. The amount of oxygen is measured directly in mg/l as the oxygen
equivalent using a strong chemical 6xidant. COD is analysed in 2 separate components,
Total COD, which includes soluble and colloidal matter and Soluble COD consisting of
the soluble fraction of anaerobic effluents which contains residual degradable and non
or slowly degradable influent substrate, and intermediates products, such as; VFA,
(Barker et al., 1999). Soluble COD in itself is an important parameter, as it discloses
information in regard to the extent of hydrolysis and solubilisation carried out by the

acidogenic bacteria. (Maharaj and Elefsiniotis, 2001)
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The quantity of methane produced per gram of COD removed can be easily determined

for mass balance estimations. The COD equivalent of methane is:
CH47+ 20, ’ CO, +2H;0

From the above equation, it can be determined that for each mole of ﬁethane consumed
(22.4 L @ 0 °C), two moles of oxygen equivalent are destroyed (64g). Therefore, 0.35 L-
(22.4 L/ 64g) of CH, at 0 °C and 760 mm HG pressure (STP) is equivalent to 1 g COD
destruction. At a mesophilic temperature however, the CH, equivalence is 0.395 L at 35
°C and one atmosphere {5.6 ft. 3@ 0 OC and 6.3 ft. 3@ 35 °C of methane is produced /
pound COD destroyed} (Speece, 1996; Michaud et al, 2001; Tchobanoglous ef al.,
2001).

2.5.6 Solids

Total solids refers to the material residue left in a vessel following evaporation and

drying of the sample in an oven at the designated temberature (APHA et al, 1995).

The solids portion is further classified by ignition of the sample at 550 °C +/- 50 °C.
The ignition process causes oxidation of the organic fraction of the solid matter, and is
~ thus driven off by the extreme temperature (Volatile Solids). The ash remaining in the
vessel represents inorganic matter or Fixed Solids (Tchobanoglous and Barton, 1991).

The extent of digestion is often measured by volatile solids reduction. Anaerobic
digestion can achieve Volatile Solids destruction of 40 — 60% and an overall destruction

in total sludge volume of 25 — 30 % (approx.) (Quasim, 1999).
2.5.7 Biogas Quantity and Quality
Digester gas analysis can provide valuable data on the process efficiency. Biogas

composition depends largely on the raw material, organic loading and, time and

temperature of decomposition (Polprasert, 1996).
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Monitoring of the biogas quality can be used as a measure of digestion efficiency, as
regular monitoring conveys deviations from typically obtained values of individual gas
components, allowing the operator to take remedial action as soon as unstable

conditions are noticed.
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3.1 HISTORY OF ATAD

The ATAD process was first conceived in 1968 by Mr. Hurbert K. E. Fuchs, Sr., when
he observed autothermal conditions during the aeration of agricultural manure. The first
full-scale ATAD plant was commissioned in Vilsbiburg, Germany in 1977. Initially, the
plants consisted of two-stage circular open topped tanks, later developing to totally
enclosed and insulated vessels (Kelly, 1993). The technology has since developed in
Europe, with in excess of 50 plants, mainly operating in Germany, Austria, Switzerland,
Great Britain (Schwinning, 1993; Schwinning, 1996; Skjelhaugen, 1999). In the late
80’s, ATAD was utilised in the US, following the recognition from the US EPA as a
‘Technology to Significantly Reduce Pathogens’ and allow unrestricted uses of
biosolids on agricultural land (provided other legislative requirement have been met,
including metals). In the year 2000, it was estimated that there were 35 ATAD systems
operating in North America (Tchobanoglous et al., 2001).

3.2 BioLOGY OF THERMOPHILIC AERQBIC DIGESTION

In aerobic digestion, organic matter is metabolised by the active thermophilic aerobic
microbial consortia to form carbon dioxide, water, ammonia, and new microbial cells,
In general, chemical changes brought about in an ATAD digester can be described by

the following equation.

CsH;NO2+50; —p S5CO2+2H,0 +NH; + energy
(W.E.F., 1995)

There is little information regarding the microbial diversity of thermophilic aerobic
reactors. Their biology differs from conventional activated sludge microflora in that
nitrifying bacteria, floc-forming organisms, or protazoa and other life forms are not
present. The reasons thermophilic bacteria fail to form a floc is unknown, however,

contributing factors may include:
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(1) lack of floc-forming species e.g. Zooglea ramigera,

(2) failure to achieve the proper physiological state conducive to floc formation

(3) physicochemical conditions inhibiting aggregation, and

(4) improper conditions to selectively favor floc formers (especially since

scavenging protozoa are not present).

Because the main goal of thermophilic.digestion is to reduce the level of organic matter
in the waste stream, the predominant mféroorganisms are aerobic heterotrophs. Only
certain species of organisms can proliferate in these reactors, those identified include
Bacillus, Thermus, and actinomycetes. Thermophilic bacilli generally have complex
growth requirements, and thrive well on the mixed substrate of sewage sludge, and

therefore tend to be the dominant species (Lapara and Allemen, 1999).

Cell — free culture supernatants of proteases-positive Bacillus spp. can lyse vegetative
bacterial cells. Bacillus spp. play an important role in the initial stage of thermophilic
aerobic digestion. In the initial stage of the process, the mesophilic organisms present
in the feedstock are subject to a temperature shock, once introduced into the reactor,
which déactivates them. At the same time, the exo-enzymes (proteases) of the
thermomphilic seed sludge cause lysis of .the cell structure releasing the readily
biodegradable matrix within the cell (Haner et al, 1994). The subsequent stage of
acrobic thermophilic digestion involves cryptic growth (endogenous respiration) which
can be described by the utilisation of lysis products by active cells and once this
carbon source has been eliminated, starvation of the active biomass occurs causing the
organisms to digest their own protoplasm, leading to their subsequent death (Gaudy
and Gaudy, 1980; Nasrin et al., 2000). Cryptic growth essentially promotes biomass
yield co-efficient minimisation as a result of the dissimilation of the lysis products.
Both lysis products and extracellular metabolic products supplement the pool of soluble

nutrients available to the process culture (Lapara and Alleman, 1999).
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3.3 FUNDAMENTALS IN DESIGN AND OPERATION OF AN ATAD

In order to achieve autothermal conditions, operational controls must typically be
maintained as a closed loop system, i.e. it is necessary to control heat generation and
heat lost from the system. The fundamental issues in operating an ATAD are:
- An adequate thickened sludge with an appropriate quantity of biodegradable
volatile solids,
- An effective aeration and mixing system,
- A well insulated reactor, together with a low net heat loss system design, e.g.

heat exchangers to recover heat from the outgoing hot sludge

3.3.1 Tank configuration

Due to the high rate of oxidation and lower HRT (5 — 9 days) experienced in ATAD,
reactors are commonly smaller than those used for conventional aerobic digestion.and
those employed for anaerobic digestion. This smaller tankage requirement is a
significant capital cost saving factor. Reactors are typically cylindrical in shape and
constructed of carbon steel with an interior coaltar-based coating. Systems are located
above ground, constructed on a concrete slab base (U.S. EPA, 1990). Insulation is an
important consideration to retain the autothermal heat generated, and to maintain the
digester’s contents in the thermophilic temperature range. Mineral wool of
approximately 10 cm thickness, is fitted around the tank walls for insulation, while
styrene foam is used on the cover. Insulating to these specifications ensures the overall
heat transfer co-efficient is 0.3 — 0.4 W /(m® °C). The outside of the digester is covered
with a metallic skin (corrugated steel or aluminium) to protect the insulation. Due to the
nature of the aeration devices utilised in ATAD systems, the H/D ratio of the reactors
must be higher than 1 and typically varies between 2- 5 to ensure complete mixing. An
important factor of design includes a head space (free board) of approximately 0.5 and 1

m to allow for foam production (U.S. EPA, 1990).

26




Chapter 3 A A literature Review of ATAD

3.3.2 Feed characteristics

As a minimum, 3% Total Solids (T.S.) may be fed to the reactor. T.S. in the range of
4 - 6% and 40 g/L. COD or greater is recommended. A feedstock with less than 3% TS
tends to contain too much water, and will not achieve autothermal conditions. While
T.S. concentrations greater than 6% cause difficulty in mixing and aeration. The feed
must contain a minimum volatile solids content of 75%, (U.S. EPA, 1990; W.E.F,
1995).

The degradation of organic matter, in the form of V.S., during the ATAD process is
the main source of heat energy supplied to the reactor. Feedstocks have varying
quantities and qualities (in terms of biodegradability) of volatile solids, depending on
the unit operation from which they were produced. Table 3.1, shows typical values of
heat output for a number of substrates. As the energy available from the breakdown of
the volatile solids is used to heat the sludge within the reactor, the reduction in V.S.
will indicate |

- The heat output from the sludge

- The biodegradability of the particular sludge

- The efficiency of the process

As the quantity and quality of V.S., varies depending on the type of wastewater
treatment process from which they were produced, so too does the amount of V.S.
removed during the ATAD process, as can be seen from Table 3.2 (Stentiford, 2001).
Typically, primary sludges are more readily biodegradable than biological sludges, and
this is reflected in the percentage of volatile solids removed. From Table 3.2, one
would conclude that primary sludge is a more suitable substrate for ATAD. However,
Kelly (1995) contradicts this point in favour secondary sludge stating that while “the
volatile component of primary solids is made up of extracellular organics, it is not
readily available as a pre-packaged substrate for thermophilic bacteria, as is the waste

biomass”.
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In sewage treatment plants operating at a low F/M, it'is advisable the solids retention

time in the aeration basin is kept below 15 days, to ensure that volatile solids reduction

via endogenous respiration is kept to a minimum. The ATAD process can still be used

on a low F:M substrate, however. If the heat output from the feed is found to be low

(determined by V.8. % in the feed and biodegradability), an external preheat source via
heat exchangers within the reactors could be applied (U.S. EPA, 1990; W.E.F, 1995).

Table 3.1 Heat output from different wastes for each kg of volatile solids removed

(Stentiford, 2001)

Material Heat output Source

(kJ / kg — VS removed)
Organic fraction of 29,560 - 30,900 Wiley 1957
municipal solid waste
Mushroom compost 15,400 - 22,000 Harper et al., 1992
substrate .
Sewage sludge 23,000 Haug 1993

21,000

Andrews and Kambhu 1973

Table 3.2 Volatile solids reduction in full sale ATAD plants with different sources

of studge. (Stentiford, 2001)

Sludge source

Volatile solids reduction%

Extended aeration
Primary + surplus
activated

Primary + surplus
activated + trickling filter

Surplus activated sludge

25-35%
30-56%

43-66%

25-40%
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3.3.3 Hydraulically controlled sludge age

During steady state conditions of the ATAD process, one of the most important
variables is sludge age. In ATAD facilities, solids retention time is equal to hydraulic
retention time, typically in the range of 5 — 9 days. When food supply, reactor volume,

and feed rate are constant, sludge age in the system is expressed as :

Sludge age = Ve x Xv
QxXw

Where Ve = reactor volume
Xv= concentration of reactor biomass
Q= flow or waste rate and

Xw = concentration of waste.

Since for this system the concentration of reactor biomass (Xv) and the concentration
of waste (Xw) are equal, reactor volume (Ve) and flow (Q) are the control variables.
Flow rate Q can be intermittent or continuous. When intermittent, the reactor is batch
fed (once per day) or on an hourly basis. Digester volume (Ve) is the effective volume/
working volume. Adequate mixing of reactor is important, as a small reduction in an
already small volume reduces the sludge age, increasing the likelihood of active
biomass washout. Pre-thickening of the feed solids can facilitate the introduction of a
greater organic loading rate [by feeding the same volumetric loading rate (V.L.R. /l/d)
but a higher organic loading rate (O.L.R. g.vs/d)] or can lower the flow rate [by feeding
the same OLR but in a smaller volume (VLR)], which is an important sludge age

control parameter (Kelly, 1995).
3.3.4 Feed Cycle
ATAD systems typically consist of two reactors in sequence. In larger centres of

population, up to four reactors in sequence have been used (Oleszkiewicz,- and
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Manvinic, 2002). ATAD’s "are operated in éither batch or semi batch mode. Batch
mode is commonly applied in small treatment plants, whereby the system is completely
emptied and filled every 3 days. Greater operator attention is required for systems
operated continuously or on a semi batch mode. ATAD reactors that are operated in
series are typically semi batch fed systems, in which a reverse — order filling procedure

is applied. The typical operating strategy involves the following steps:

(1) At a predetermined time each day, aeration and mixing ceases

(2) Stabilised sludge is discharged from reactor Il into the storage tank, which
lowers the level in that reactor.

(3) Sludge is then allowed to flow by gravity or pumped from reactor I to reactor
I, to replace that discharged.

(4) Raw sludge is pumped from the feed siorage tank to reactor I until the volume
in both tanks is equal. When both reactors are at operating level, aeration and

mixing resume.

Daily feeding is typically completed in 30 min. to 1 hour, which ensures that both
tanks are maintained at thermophilic temperatures (55 °C) for at least 23 hr/day,
'ensuring the final product sludge is of Class A quality (U.S. EPA, 1990).

3.3.5 Effective aeration and mixing

1

(A) Oxygen take-up rate (OTR)

It has been well documented that oxygen saturation is affected by temperature, and it
has been estimated that an increase in temperature from 20 — 55 °C decreases oxygen
saturation by 44% (i.e. at 20 °C D.O. solubility in aqueous solution at po = 9.2 mg/l,
whereas at 55 °C = 5.15 mg/l)
There are numerous factors governing oxygen transfer rate such as :

e AiIr flow rate

s Bubble diameter

¢ Temperature
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» Viscosity
e Tank geometry

¢ And wastewater composition.

The lower oxygen solubility leads to a smaller driving force and hence to a low oxygen
take up rate (OTR). However, temperature also increases as the liquid viscosity and
surface tension decreases, increasing the rate of oxygen transfer from gas to liquid
phase, which may offset the smaller driving force, resulting in an overall positive effect
on the OTR (Vogelaar et al., 2000). Thus, facilitating the required dissolved oxygen
concentration to the reactor may not be as problematic as lower solubility suggest
(assuming 44% decrease in oxygen saturation at 55 °C, and including the fact that high
rate oxidative nature of the process, would result in high BOD {O, consumption}. This
was demonstrated by Jewell and Kabrick (1980) in which autothermal conditions
prevailed in a pilot scale digester utilising two simple self — aspirating acrators, with an
oxygen transfer efficiency ex.ceeding 20%. Nonetheless, the provision of an adequate
aeration system is one of the deciding factors in the success of the ATAD process,

essential for autothermic conditions to prevail.

(B) D.O. Concentration Monitering

It is believed that dissolved oxygen concentrations in excess of 0.5 mg/l are adequate
in most ATAD systems. However, to date, there has been little published data in
relation to this parameter. Few D.O. probes work at thermophilic temperatures and the
accuracy of such instruments is likely to be questionable (due to the viscosity of the
studge, D.O solubility at thermophilic temperatures and low level of detection). In
mdny instances, on-line monitoring of D.O. has not been possible; in such cases,
oxtdation- reduction potential (ORP) has been applied as a surrogate indicator. For the
majority of the ATAD cycle, ORP values are typically in the range of - 50 to -+ 150
mV. An intermediate transient decline in ORP values (e.g. —100 to —300 mV) has
however been noted during a periods of accelerated solids lysis and degradation
(Pressley, 2001), following feed administration, when there is an excess of substrate

awaiting utilisation and exerting a significant oxygen demand.
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(C) Mixing and aeration devices
Acration devices in ATAD are employed with the two fold purpose of aerating the
reactor, and mixing the digester contents. The following aeration / mixing devices have
been used in ATAD

- Aspirating aerators

- Combination recirculation pump / venturi arrangements and

- Turbine and diffused air

~Aspirating aerators are the most common type of acrator used in ATAD systems.
Generally, two aspirating acrators are side — mounted on the reactor. The angled
installation of these aerators facilitates vertical downward mixing. Larger reactors
commonly employ a third aerator, centre-mounted. The mixing motion in this case
causes a circular horizontal flow pattern within the reactor. Aspirating aerators have the
motor and bearings located outside the reactor, which reduces wear and tear on the
device and is also useful for maintenance. Typical design parameters for this type of
aeration device consists of:

- Specific power of 85 to 105 W/m® of active reactor volume,

- Air input of 4 m*/m’ of active reactor volume

- Energy requirement of 32 to 54 MJ/m’ of solids throughput and

- Oxygen transfer efficiency of 2 kg/ O, /KWh.

For the above design criteria (4 m*/m>/h air input) a feed sludge with V.S. range of
2.5 — 5% has an oxygen requirement of 1.5 kg/Ox/kg V.S. destroyed (W.E.F, 1995).

(i) Combination Recirculation Pump / Venturi Arrangements

The Dutch aeration design of a combination recirculation pump and venturi
arrangement was first used in the United Kingdom in 1987 and tested in Canada in
1989. A venturi aerator works by compressed air, which is fed to the venturi by a
pressure regulator and gas flow meters. However, where recirculation is also employed
externally, mounted pumps for circulation are used. In this case, studge is drawn from
the tank and pumped back through a nozzle and venturi which draws in ambient air.

One advantage of this type of aerator is that the pump and venturi are located outside of
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 Where KT! and KT2 are the reaction rates at temperatures T1 and T2 (°C),
respectively, and @ is a constant with typical values in the range 1.05 — 1.06. However,
should the temperature become too high, the process becomes self-limiting and
biological activity ceases, resulting in cooling of the reactor until the temperature
eventually reduces to zero. This is represented in equation 2, where the first term on the
right-hand side represents the increasing rate and the second term the reduction due to

excessive temperature.
Equation 2: KT1=KT2 {® 1 (T1-T2 - ®2 (T2 - T3)}

Where T3 is the upper temperature where inhibition begins to take place, and ®1 and
@2 are the increasing and decreasing temperature factors respectively. This equation
shows that the rate will increase rapidly from ambient to 45 — 60 °C, above which it
will decrease. It is thought that, above 65 °C, the rate drops rapidly to ambient
(Stentiford, 2001). '

In the majority of ATAD systemis, the biodegradation of V.S. in the feed, results in the
net release of energy, which heats the digester, and, therefore, is an obvious control
factor (i.e. temperature can be reduced by reducing the OLR). In instances where this
is not possible however, reactor cooling may be applied (if provisions for such a system
exist at the facility). A number of other operational controls have been considered, such
as reducing the system’s temperature by reducing aeration. This method is not thought

to be viable and may give rise to odours (Schwinning ef al., 1997).
3.3.7pH

pPH generally does not need to be controlled, as the thermophilic temperatures
achieved during digestion ensures that nitrification is suppressed within the ATAD
reactor, therefore the pH depression commonly experienced in nitrifying environments
does not occur. In most cases, the pH is typically above 8.0, (when a feed of pH 6.5 is
applied) (U.S. EPA, 1990). pH can in fact be used as (a) an indicator of autotheﬁnal
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conditions and (b) as an early warning to unstable conditions. Should oxygen become
limited due to organic overloading, pH may decrease, indicative of volatile fatty acids

production during the fermentation of organics.
3.3.8 Foam production and control

Foam generation is a characteristic feature of the ATAD process. Foam has beneficial as
well as negative effects on the overall process performance. The foam layer contains
active biomass. All air that leaves the reactor must pass through the foam layer. In doing
so, it contacts biologically active biomass that-is entrained within the foam. The
overwhelming biological activity occurring within the foam layer is believed to
contribute to high oxygen utilisation efficiency. In addition, foam is also critical in the
insulation of the reactor contents (Kelly, 1995_). The majority of problems arise from
excessive foam production. During start-up and process instability, excessive foam
production has been noted at speCiﬁc' temperature thresholds. For example, at
temperdtures of 40 — 45 °C, foam is generated due to the break down of cellular
proteins, lipids, oils and greases (Tchobanoglous et al, 2001), as a response to a
population shift of compet;itive bacteria from thermotolerant to true thermophilic strains.
Biological foam is billowing and light brown in appearance. In the temperature range of
50 — 55 °C, foam production has been observed when a thin feed is added, which can
generally be avoided by prethickening the feed to at least 5% T.S., and by using heat
exchangers to heat the feed to thermophilic temperatures. Over-aeration also produces
foam and rising air bubbles, which may cause solids floatation. Foam produced from
over - aeration differs from biological foam in appearance, as it is frothy and matlike.
Incorrect aeration can lead to partial solids washout. This foam -over leaves a

characteristic brown mat on the ground with a feltlike appearance and feel.

There are a number of operational controls that can be applied to reduce foaming in the
short term. Feeding always reduces foaming, which is possibly why foam is not
normally found in excess in the first digester (Kelly, 1995). Shut down of aerators has
been cited as a means to control excessive foam build — up. However, repeated shut

down may induce oxygen deficient conditions, resulting in odours (Schwinning et al.,
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1997). Most ATAD reactors incorporate mechanical foam breakers into the ‘design. In
the Fuchs system, for example, two mechanical foam cutters are installed in the reactor
at fixed elevation. When the foam reaches a certain level in the tank {a sonar level
transponder can be used to sense high foam) the foam cutters will automatically start to
cut it up (U.S. EPA, 1990). A large freeboard allowance of 0.5 to 1.0 m is usually
allocated in tank design (W.E.F, 1995). ATAD reactors without mechanical foam

cutters commonly employ the use of sprays and defoamants.
3.4 ATAD ODOUR GENERATION AND CONTROL

Due to the thermophilic temperature of operation, ATAD results in the destruction of
volatile solids, coupled with partial cell structure lysis. While both of these reactions are
welcomed, the resultant release of odourous compounds is not. The odour produced
from sludge digestion include: the reduced - sulfur compounds methyl and ethyl
mercaptan (1 to 150 ppm), dimethyi disulfide and dimethyl sulfide (0.5 to 40 ppm) and
ammonia concentrations up to 1400 ppm. These reduced sulfur compounds are products
of protein breakdown. The presence of sulfur compounds is indicative of conflict
between the aerobic and anacrobic nature of the process, further evidence of this is
found in systems where the oxygen demand exceeds the oxygen supply. In such cases,
high levels of VFA’s have accumulated, which are known to be by - products of
fermentation (Li et al, 2002). Digesters exhibiting sulfurous odours have been
described as first generation reactors, as these digesters are not truly aerobic. Second
generation reactors as described by Pressley (2001) on the other hand, are more closely
monitored and there is greater operétidnal control, such as online oxygen utilisation rate
(OUR) measurement and okygen supply on demand. In typical reactors, the
concentration of the ammonia and reduced sulfur compounds varies in relation to the
feed cycle of the ATAD, and peaks in the productién- of these compound is often
apparent. In order to determine peaks in production, monitoring should be conducted

over a 24 hr period (to design for peak flows to the odour control system) (Pride, 2002).
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3.4.1 Plant Management in Odour Control

There are a number of factors which can further add to the development of odours
during ATAD, which include: sludge holding tank management practices, feed
management practices, no or ineffective odour control, and excessively high operating

temperatures (Schwinning ef al.,1997).

a) Storage Tank Management:

In order to provide the digester with an adequate supply of V.S., prethickening is an
essential component of the ATAD plant. Sludge holding tanks are also required to store
the digested sludge until it can be applied to land. Consideration of the management of
these systems can reduce odours. For example, prethickeners and sludge feed storage
tanks should be managed to ensure that the feed is as fresh as possible on a daily basis.
Post ATAD storage tanks have the twofold function of storage and cooling the sludge.
Since ATAD digestion is at thermophilic temperatures, the sludge is hot when leaving
the digester. By cooling the sludge, the residual biological respiration rate is slowed
down, which reduces the potential for odour generation. Cooling can be achieved by

mixing the holding tank or by a heat exchanger (Schwinning ef al., 1997).

b) Temperature Control

Control and maintenance of the operating temperature at 55 °C prevents the re-
solubilisation of organics (by further cell lysis at extreme temperatures above 65 °C)
(U.S. EPA, 1990). As previously mentioned, this cell lysis releases significant quantities

of odorous compounds

¢) Odour Removal Systems.

A problem exists with the removal of mercaptans, dimethyl disulfide, and dimethyl
sulfide, as these particular compounds are insoluble in water, thus chemical scrubbing is
ineffective. Activated carbon is also unsuitable, due to the high humidity of the ATAD
air (100%, approx.). The insoluble nature and low odour threshold of these compounds
ensures that they can persist 1n the environment, and can therefore spread over long

distance from where they were -broduced (Pride, 2002). A number of systems have been
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utilised for odour control including: éoil biofilters, wet chemical scrubbers, bioscrubber
towers, and trickling filter towers. All are effective if maintained and operated correctly.
The most recent development in odour control is the biofilter system (Kelly, 1995), (in a
biofilter, bacterial degradation together with adsorption onto the surface of the biofilm
are of equal importance in the removal of insoluble compounds). Information from full
scale plants in North America indicates that, while biofilters work best for soluble
compounds (as these compounds are broken down on entry to the biofilm), longer
residence times are required, however, for effective removal of mercaptans, dimethyl
disulfide and dimethy! sulfide. Table 3.3 illustrates the maximum concentrations of
odorous compounds found at full scale ATAD plant in North America, fitted with
biofilter (from Ambio Itd) (Pride, 2002).

Table 3.3: Concentration of Odorous Compounds Found at Full Scale ATAD Plant

in North America.

Long Sault Cardinal Mc Minnville Franklin Princeton | Odour
Ontario Ontario Oregon Indina Indiana Threshold
Mercaptan (ppm) “10.0 "6.0 128 “8.0 “10.0 0.02
Dimethyl disulfide "1.0 N/A N/A N/A N/A 0.002
(ppm)
Dimethy! suifide (ppm) | "1.0 N/A 9.63 N/A N.A 0.01
Ammonia 1150 9060 1400 1200 400 10
Year installed 1994 1996 1997 2000 2000
ATAD supplier FUCH’S CBI-Waiker FUCH’S FUCH’S FUCH’S
Empty bed residence 28 28 180 48 33
time
Air flow (cfm) 1500 1500 3000 600 600
% of air flow from 14 14 100 100 100
ATAD

Note : outlet concentrations of ammeonia and reduced — sulfur compounds from the biofilters are generally
below detection limits and, given the lack of offensive odour, must be in the range of the odour threshold
(Pride, 2002). '

There are a number of factors which need to be addressed when designing a biofiltration
unit to ensure efficient removal of odourous compounds, such as maximum use of the
bed volume, proper selection of filter material, and good humidity and pH control.

* Max use of bed volume: uniform delivery of air to the filter bed prevents

development of anaerobic niches which may contribute to odour.
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¢ Filter material: in order to keep the filter bed aerobic, a filter media that is
resistant to compaction should be used.

¢ Humidity and pH control: there should be primary humidification prior to
entering the filter bed and a secondary irrigation system in the bed itself, to wash
out acid metabolites, which ensures pH is controlled in the bed and prevents acid

accumulation (Pride, 2002).
3.5 FINAL PRODUCT SLUDGE QUALITY

Enteric pathogens from warm-blooded animals are successfully inactivated at
temperatures greater than body temperature (37 °C). Thermophilic temperatures (55 °C)
of operation are capable of inactivating approximately 99.9% of pathogenic organisms,
and require a lower HRT than mesophilic processes (Krishna, 2000; G.V.R.D, 2000).
Many studies have illustrated that the ATAD process destroys pathogens in accordance
with the strict requirement of both Rule 503 US EPA, and the more recent and
applicable to the Irish situation Code of Good Practice in the Use of Sewage Siudge in
Agriculture. This means that the Biosolids produced from the ATAD process, can be
applied to agricultural land, providing the sludge meets the other requirements of
legislation, in regards to metal content for example. The sanitation of the product sludge
is a direct reflection of plant management. Good operational control in regard to feeding
regime and final product storage are critical factors in ensuring pasteurised biosolids do

not get re-contaminated (Kelly, 1995; Kelly, 1997).

Time and temperature control is also critical, as demonstrated in a study conducted by
Gantzer et al, (2001), as nematode eggs were effectively eliminated by ATAD
digestion at a temperature of 48 °C and above, but were detected when the temperature
fell to 25 °C during the winter months of plant operation. In addition to meeting the
required level of sanitation, the final sludge will appear well mixed, with a light to dark
brown colour, and may be odourless or have a slightly musty odour. Volatile solids
reduction is typically in the range of 40 — 60% (however, the actual V.S. reduction
depends on the nature of feed sglids) (Kelly, 1995).
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3.5.1 ATAD Dewaterability

Little attention to date has been focused on the dewatering of ATAD biosolids, as the
general practice throughout Europe is to spread the Biosolids on land in the liquid state,
while the ATAD process is a relatively new to the US, first introduced in 1990. Full-
scale applications of ATAD have reported poor biosolids dewaterability, with polymer
dosages being 3-10 times (typically in the range of 44 to 50 kg/dry-ton total solids)
more than that required for dewatering mesophilic aerobically digested sludge. This
increase in polymer usage can significantly increase the overall cost of ATAD process.
A limited number of studies on ATAD biosolids dewaterability have reported that the
use of inorganic chemicals (ferric chloride) as a substitute for organic polymers can
reduce the overall cost of dewatering (Kelly et al., 2000, Murthy et af., 2000b). Despite
the successful implementation of this technique (the conditioning cost for ATAD treated
biosolids has been reduced by 67%), at three ﬁjll-scéle ATAD installations in the USA;
(College Station, Texas, Ephrata, Pennsylvania, and Princeton, Indiana), this technique
has not been considered as a viable application in the long term, as the mass quantities
of inorganic chemicals required 1o be added into ATAD biosolids were up to 5 times
greater than that of organic polymers, increasing the weight of biosolids for final
disposal. Such inorganic chenﬁcals are corrosive in nature and need special handling
and storage. Another technique proposed to reduce polymer addition and improve
dewaterability involves the storage of ATAD biosolids for 25 days in mesophilic
aerated tanks (Murthy et al., 2000a). However, this procedure would result in the need
for additional tankage and an increase in power usage, and therefore is considered not

economically feasible (Zhou et al., 2001).

The fundamental reasons for poor dewaterability are largely unknown, much like the
microbiology of the process. It has been documented that floc forming organisms are
absent from the digester’s microflora, resulting in the dispersion of bacteria cells
uniformly throughout the reactors contents, which is likely to be one of the determining
factors in dewaterability. Pioneering research aimed at conveying greater insight into
the effects of number of individual parameters on ATAD biosolids dewatering [such as

feed composition, the produétion of extra-cellular bi-polymers (i.e. protein and
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polysaccharides), temperature and sludge retention time], was conducted by Zhou et al.,

2001. The main findings of the work illustrates that:

e The composition of feed sludge affects dewatering properties. Thermophilic
aerobic digestion of secondary sludge resulted in a significant reduction in
dewaterability, while thermophilic aerobic digestion had less of an effect on

the dewaterability when treating Primary sludge and Mixed Sludge.

e Sludge retention time was not a major factor in the dewaterability of

thermophilic aerobically digested sludge.

e Rapid deterioration of thermophilic digested biosolids from Secondary Sludge
was accompanied by rapid increase in amounts of soluble proteins,

polysaccharides, and phosphate.
¢ Thermophilic digestion resulted in smaller and finer particles (biosolids flocs)

than mesophilic digestion. These smaller particles could also be a cause for poor

dewaterability and increased demands of polymers.
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4.1 THE PILOT SCALE STUDY

The following section gives details of the pilot scale reactors configuration, seeding and

set-up, and methods of analysis.

4.1.1 Reactor Configuration

Two 16 L. jacketed glass reaction vessels were made to order by AGB scientific, Dublin to
required design specifications. Both aerobic and anaerobic reactors are identical in design

for comparative operational assessment (Plate 4.1).

Plate 4.1 Pilot Scale Digesters in Operation

There are five portholes positioned at varying distances from the base of the unit. Portholes
were supplied with HDPE screw caps for leak-proof closure, all of which were fitted with
tubing & tubing clamps or taps to allow for later use as required, except for the second
central screw cap, which was drilled through the centre to facilitate the housing of

thermocouple probe “K type”, which was connected to a Hanna printing and logging
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thermometer (AGB) programmed to record and print the temperature of both reactors

simultaneously every 3 hours.

The reaction vessels have removable glass lids attached to the base unit by a stainless steel
flange. The lid has three portholes of various size, a 10mm port with screw cap, a 5 mm
port with screw cap and the central porthole which is ground glass to allow the secure
fitting of the “Cowie” stirrer shaft and guide. Mixing of the reactors was achieved by

“IKA” overhead stirrers purchased from Lennox Lab supplies, Dublin.
4.1.2 Modification of Reactors for Specific Use.
(A) Anaerobic Digester

A 10 L. Memmet hot water bath was used to heat the water, which circulated through the
double wall (jacket) of the reaction vessel. The water bath was thermostatically controlled
and programmable, ensuring that the water was always maintained at the mesophilic
temperature of 35 °C, supplied by Lennox Lab Supplies, Dublin. A submersible a
(fountain) water pump, pumped the hot water from the bath to the reactor, entering the
vessels jacket through the lower nippled porthole and exiting through the upper porthole,
back to the water bath for reheating. The reactor was maintained at 35 °C +/- 1°C for the

duration of the mesophilic trail.
(B) Aerobic Reactor

Air was supplied to the aerobic reactor through a porthole close to the base of the reactor:
via an air compressor. Three different air compressors were used over the course of the
study due to operational failure from continuous use. Air was diffused within the reactor
through a handmade diffusion tube. Industrial diffusion tubes were too large for the reactor,
and those used for fish tanks were too small and did not evenly supply air to the vessel. The

diffusion tube consisted of plastic tubing, randomly perforated with pin holes. A loosely

1
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sprung spring (also handmade) was put throdgh the centre of the tubing to prevent it from
collapsing. Both ends of the tubing were fitted to a T — Piece tubing connector to form a
circular shape and was fitted to the inlet (glass tubing) at the bottom of the reactor, this

device was successful in ensuring even distribution of fine bubbles within the reactor.

The 10mm porthole on the lid of the digester was modified by the addition of a detachable
condensation trap (D.O was monitored daily through this porthole also), which was added
to the vessel following the application of heat to the reactor. The trap consisted of a glass
distillation apparatus, thfough which cold water was passing, cooling the air and reducing

evaporation from the reactor. In addition, 2 L. of water was added to the reactor daily.
4.1.3 Anacrobic Digester Seeding and Start-up

Seeding was carried out using two seed sources. Digester sludge was obtained from a full-
scale anaerobic digester in Tullamore, Co. Offaly. There was also a pilot scale reactor on
site from which sludge was taken. Following collection of the samples, solids analysis was
conducted and the seed was stored overnight in a refrigerator. It is common practice when
transferring yiable anaerobic biomass to a new reactor to pump directly to the unit while
sparging Nitrogen through the headspace, in order to maintain anaerobic conditions. As
there was no nitrogen on tap in the effluent laboratory in this case, inactivation of the
anaerobic biomass by reduction in temperature was deemed the most appropriate method of

ensuring a successful start-up.

" The cooled 4.5 L. of digester sludge from the pilot scale reactor contributed a total of
52.074 g V.S., while 6.0 L. of Tullamore sludge was passed through a sieve to remove
debris prior entering the reactor (Total V.S. from this source 77.736 g). 28g NaHCO;,
dissolved in 700 ml of tap water was also added to the 16 L. vessel in ordei; to bring the
liquid level to the designed working volume to 11.2 L. leaving 30% of the reactors volume
void as headspace. The final V.S. content of the reactor was 11.6 g V.S. / L. reactor. The

reactor was sealed and heated to 35 °C. On day three, the mixer was commissioned to

1
1
'
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operate twice per hour at 15 minute intervals, at 60 RPM, which was later revised to

operate continuously.
4.1.4 Seeding of the Aerobic Reactor

Pressed extended aeration sludge was obtained from Manorhamilton Sewage Treatment
Plant in Co. Leitrim. The sludge was pressed via double belt press with the addition of an

organic polyelectrolyte “Zetag 78N to a total solids concentration of 11.6 %.

The pressed sludge was reconstituted to 4.9% T.S. with tap water, and mixed by overhead
stirrer for 10 minutes, to break up the pressed sludge cake. The reconstituted sludge was
sieved prior introduction to the reactor. 9.5 L. of sludge was used to seed the reactor. On
completion, the unit was sealed and the aerator was switched on, to operate at continuous

mode, delivering an excess of 1.5 — 2.0 mg/l D.O. to the sludge.

Mixing commenced immediately on a continuous basis at 60 RPM. The final Volatile
solids concentration of the reactor was 33.18 g V.S / L. reactor. The digester was insulated
using 6 inch “ Rockwool”. Heat was applied later by hot water bath, to maintain the

digester temperature at 53 °C.,
4.1.5 Feedstock Collection and Storage

On a weekly basis, a fresh sample of pressed sludge was obtained from Manorhamilton
Sewage Treatment Plant. A 2.5 kg polyethylene sample bucket was employed for this task.
The container was filled to the brim with fresh sludge and sealed. On arrival at the Water
Engineering Laboratory (I.T. Sligo) the sample was analysed for Total, Volatile and Fixed

Solids, and refrigerated until required.
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4.1.6 Feedstock Preparation

The pressed sludge had a Total Solids content of approximately 12%. Each moring, a
sample of the pressed sludge was weighed, proportional to the required Total Solids of the
feed required, and reconstituted with tap water. The reconstituted sludge was mixed for 30
seconds by food blender and sieved to remove debris that could otherwise clog peristaltic

pump tubing etc.
4.1.7 Digester Feeding

Both reactors were batch fed once per day. Sludge was fed to each reactor via peristaltic
pump (Masterflex) using standard rate pump head and 6.7mm internal diameter tubing.
Mixers were shut off prior feed administration. While feeding the anaerobic unit, effluent
removal occurred simultaneously by simply opening the effluent porthole tap and allowing
the required volume of effluent to be drawn off by gravity. In the case of the aerobic unit
however, in addition to cessation of mixing, aeration was also stopped, effluent was gravity
removed, and the digester was then fed. Total, Volatile and Fixed Solids analysis was
performed daily on the feed to ensure reconstitution of the sludge was conducted accurately
and to facilitate precise calculation of OLR and VLR. pH, and COD analysis was

conducted on the first batch of reconstituted feed weekly.

4.2 Analytical Techniques
4.2.1 Volatile Fatty Acid

Volatile Fatty Acids were analysed using two different techniques. For routine monitoring
on a daily basis Total VFA concentration of the anacrobic effluent was determined by the
HACH method 8196. However, as individual VFA analysis provides further information
on process stability, samples werel pre-treated, frozen and later analysed by GC at NUI

Galway. Both methods are presented below:
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4.2.1.1 VFA by HACH Spectrophotometer

The HACH method 8196 (0 — 2,800 mg/l as acetic acid) is based on the esterification of
carboxylic acids and the determination of the esters by the ferric hydroxamate reaction. The

method is specifically designed for application on digester sludge.

Apparatus and Reagents
Spectrophotometer (HACH model DR 2000), water bath, centrifuge, Ethylene glycol,
19.2N Sulfuric acid, Hydroxylamine Hydrochloride, 4.5 N Sodium Hydroxide Standard,

Ferric Chloride Sulfuric acid solution.

Procedure:

Program number 770 for volatile acid expressed as mg/l acetic acid was entered into the
spectrophotometer, and the wavelength was adjusted to 495 nm. 0.5 m! of deionised water
was transferred to a clean 25ml sample cell (Blank). The anaerobic digester effluent sample
was centrifuged at 13000 RPM for 10 minutes, the clear supernatant of which (0.5 m}) was
placed in another sample cell. 1.5 ml of ethylene glycol was pipetted into each sample cell
and mixed gently. 0.2 ml of 19.2 N sulfuric acid standard solution was added to each cell
and swirled to mix. Timer | was set and both cells were heated in a boiling hot water bath
for 3 minutes. Following heating, the sample cells were cooled under a running tap. 0.5 ml
of Hydroxylamine Hydrochloride solution was pipetted to each and mixed. 2 ml of 4.5 N
sodium Hydroxide standard solution was added to each cell and mixed. 10 ml of Ferric
Chloride Sulfuric acid solution and 10ml of deionised water was added to each of the
sample cells and mixed. Timer 2 was enabled, following a three-minute reaction period the
blank was placed into the cell holder and zeroed. Then the prepared sample was placed in

the cell holder, measuring the mg/l VFA expressed as acetic acid.
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4.2.1.2 VFA via Gas Chromatography

Samples were centrifuged at 13000 RPM for 10 minutes to remove suspended matter.
Following the addition of 25 pl concentrated orthophosphoric acid (H;PO;) to 1 ml of the

supernatant, samples were frozen at — 18 °C, and defrosted prior analysis.

Procedure: Volatile Fatty acids (VFA) were analysed by gas chromatography using a
Shimadzﬁ GC-14B chromatograph with a hydrogen flame ionisation detector, fitted with a
carbopack glass column. The column temperature was maintained at 175°C. The injection
port and detector temperatures were 200 and 250°C, respectively. Prepared samples were
injected onto the column using a Shimadzu AOC-20i auto injector equipped with a 5 ul
syringe. VFA concentrations were calculated using a Shimadzu C-R6A chromatopac and a

previously constructed standard curve.
4.2.2 COD Total and Soluble
Standard Methods (19" ed., 1995), No. 5220 (Reactor Digestion Method)

Sample Preparation

Sample for total COD (CODt) must be homogeneous in nature, comprising of both solid
and liquid (soluble) fractions. The sample for soluble COD (CODs) analysis is centrifuged
at 13,000 RPM for 10 minutes or may be filtered to remove suspended matter. COD may

then be carried on the clear supernatant as this represents the soluble fraction of COD.
Apparatus and Reagents

COD reactor, HACH (DR 2000) Spectrophotometer, HR COD vials 0- 1500 mg/l,
purchased from a HACH agent (Celtic Engineering).
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Procedure:

Samples to be tested were diluted so that the COD range was between 0 — 1,500 mg/l. 2 ml
of the raw or diluted sample was pipetted into a HR COD vial, and inverted to mix. This
procedure was repeated using deionised water as a blank. Vials were then placed in the
preheated COD heating block for 2 hours (timed) at 150 °C. Once cool, COD vials could be
read in the spectrophotometer. Program number 435 for HR COD determinations was
entered into the DR 2000, and the wavelength adjusted to 620 nm. The blank was placed in
the cell holder and zeroed. Following calibration with the blank the sample vial was then

read, results were displayed as mg/l COD.
4.2.3 Alkalinity
Standard methods (19" ed., 1995), 2320 B (Titration method)

Apparatus and Reagents

pH meter, Burette and stand, Magnetic stirrer, Stirrer bar.

Procedure: ‘

Following the determination of the exact normality of 0.1 N standard sulfuric acid, 20 ml of
digested effluent was titrated against standard sulfuric acid solution to an end point of pH
4.3. The following calculation was then applied to determine the alkalinity of the sample,

expressed as mg CaCO3 /L

Alkalinity, mg CaCO;/L=A x N x 50,000

ml sample

Where:
A = ml standard acid used

N = normality of standard acid
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4.2.4 pH
Standard Methods (19" ed., 1995), No. 4500 (- H" B Electrometric Method)

Apparatus and Reagents
Delt OHM pH meter, Buffer solution

Procedure -
Electrolytes were rinsed with distilled water and dried prior use. The meter was calibrated
prior use with a buffer solution of a known pH, the buffer solution used in this instance was

pH 6.98, which was closest to the pH of the sample to be measured.
4.2.5 Total Solids

Standard Methods (19" ed., 1995), No. 2540 D' (Total Suspended Solids Dried at 103 —
105 °C)

Apparatus

Analytical balance, Pre-muffled porcelain crucibles, Desiccator, Forceps, Oven at 105 °C,

Procedure

A measured volume of sample was evaporated to dryness in a pre-muffled (15 min at

550 °C) and weighed porcelain evaporating dish, and subsequently dried in a oven at 103 —
105 °C, until at a constant weight was achieved. The total solids concentration of the

sample was then determined in mg/1 by the following calculation:

Total solids (mg/l) = (A-B) X 1000

Sample volume (m})
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Where: A = Weight of evaporatioh dish + dried residual (mg)

B = Weight of evaporation dish.

4.2.6 Fixed and Volatile Solids

Standard Methods (19™ ed., 1995), No. 2540F (Fixed and Volatile Solids Ignited at

550°C)

Apparatus

Dried and weighed samples from T.S. analysis, Muffle furnace at 550 °C , Forceps,

Desiccator.

Procedure

Following Total Solids determinations, the dried solids were placed in a muffle furnace

until a constant weight was attained.

The following calculations were then applied :

mg Volatile Solids /L= (A-B) X 1000

Sample voilume, ml

mg Fixed Solids/L= (B-C) X 1000

|
Sample volume, ml

Where:
A = weight of residue + dish before i
B = weight of residue + dish or filter

C = weight of dish mg.

4.2.7 Digester Gas Analysis

A gas analyser was employed for

gnition, mg

after ignition, mg

daily gas analysis. The LMSx multi gas analyser

purchased from Mason Technology;

Dublin, uses an infra red methane and CO, detector
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coupled with other gas and environmental sensors. On a daily basis, the gas analyser was
connected directly to the gas line oril the lid of the reactor and a 30 sec. grab sample was
taken using an inbuilt gas-sampling pump. The gas analyser then displays % CHs4, CO; and
O; of the biogas simultaneously on |the LCD screen. Atmospheric pressure, borehole flow
rate and site are aiso monitored. Rf‘:sults of analysis may be stored to memory with the
current date and time. The memory allows the storage of 1000 readings from multiple sites
and boreholes. The LMSx multi gas 'analyser also has a facility, which allows data to be
downloaded to spreadsheet or other |application using the optional serial lead and ‘Siteman

Program’.

4.3 REVIEW OF FULL-SCALE SLDGE TREATMENT PLANTS

Operational full-scale Mesophilic {\naerobic Digesters and Autothermal Thermophilic
Aerobic Digestion plants throughout: the Republic of Ireland were visited, and primary data
were collected on the sludge treatment plants; design, equipment, operation and where
possible results analysis. For the Rurpose of comparative evaluation of the Anaerobiq
Digestion process verses ATAD, operational data and results of analysis from Tralee

(Anaerobic Digester) and Killarney (ATAD), in County Kerry were reviewed.
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Table 5.3 Biogas Composition
WEEK no. | CH, %] CH4 % Rangs]  CO,%|  CO, % Rangs| 0,%| 0% Range|
Start - up
2 62.5 61-64 31.5 31-32 1.1 0.8-1.5
3 61.3 61-64 30.8 30-33 0.8 0-1.1
4 61.4 60-64 M7 31-32 0.0 0-1.3
Averagg 61.7 31.3 0.6

o

Steady state operation at a 33 day HRT
] % 63267 PEEE30'2 | ISR 26133 | S 070 |
: 20’6 mo-m

561266 | INMIR30°5 | SRR E 26232 | )

B 59163 | EEGAYS | R
A 61-64‘ B350 msme R
0264 | SRSE34'6 | MEEEHI33: 36 |[RERI0T mo-v

63-65 ‘34'0 , 34 uO'B _0‘7_’0‘9

GAZ67 | BldE32/6 Wﬁ@ﬁ% R0 | W 01174
RN 34:35 | RZANROY, _0.11'6
MO0 | B =

64266

15 57.8 55-64 31.7 27-34 0.2 0-0.6
16 58.0 57-59 32.6 31-32 0.3 0-0.7
17 57.8 56-59 30.0 32-3 0.0 0-0.7
18 52.5 44-59 18.1 28-32 3.5 0
19 24.7 1.4-48 28.3 7.6-22 04 0-15.4
20 57.6 57-59 30.7 27-30 0.5 0-0.7
21 _55.2 _53-57 344 30-32 0.2 0-1.1
22 62.1 57-64 34.0 33-36 0.1 0-0.7
23| 65.3 63-66 336 34 0.3 0-0.5
; MﬂZ -O-OTQ
8 : 0 0 _0-0'6
-321511 msa‘ss L~ (] _0

| BR33!0 IR 0734
BEE33'6 m32 35 mms u0'115
EENSESN 62166 | N3 215 | i3 . 0'8
BN 56:60 | M 340 MZS‘SS me 10| SRR 0:0'9

33.3 0.3
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REMOVAL EFFICIENCY OF THE ANAEROBIC PILOT SCALE REACTOR

Figure 5.1 Influent and Effluent Total Sclids Over Time, and
% Remaoval

—4—T.5. (Inf) mg/l —8—T.5. (EfM mg

Figure 5.2 Influent and Effluent Volatile Solids Over Time,
and % Removal

Week no.

—+—V S (Inf) mg/l —8—V.S_ (Ef) mg/!

Figure 5.3 influent, Effluent CODt Versas Time

L I . .

Woaok no.

—4&— CODt (Inf) —8— CODt (EM mg
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% Removal

Fig: 5.4 Pollutant Removal Achieved by Anaerobic
Digestion

BTS BV.S BCODt
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5.1 OPERATIONAL PERFORMANCE OF THE PILOT SCALE ANAEROBIC DIGESTER

a) Start — up'

The digester was seeded as per materials and methods section 4.1.3. The digester
contents reached 35 °C (mesophilic temperature) overnight, the mechanical mixer was
commissioned on day 3, set to operate for 15 min / hr at 60 r.p.m. The digester was
allowed to acclimatise for the duration of week one. On week two, the digester was fed
for the first time, at a mean OLR of 9.32 g VS/d, a VLR of 0.832 I/I/d and an HRT of 33
days.

During week two, the Total Solids, Volatile Solids and CODt of the effluent varied
greatly. The T.S. ranged from 5990 — 18450 mg/l, V.S. from 1740 — 10244 mg/l, and
total COD from 810 - 12340 mg/l, while pH averaged at 7.26 which is within the
optimum range for the operation of anaerobic digesters. It was concluded that the
variations in sample consistency was due to insufficient mixing and settlement. On the
last day of week two, the mixing frequency was increased to 15 minutes every 30
minutes to eliminate settlement. Volatile Fatty Acid production was negligible, results
ranging from 0 — 22 mg/] as acetic acid (average 8 mg/1), indicating that there was little
hydrolysis of the feedstock, and that residuai VFA in the seed sludge had been utilised
(initially measured at 181 mg/h).

A rapid start-up was evident by the quality of biogas produced during this time, with the
average CH, content being 62.5% by volume. The percentage COD removal during the
week was 63%, Total Solids removal was 55.6%, and Volatile Solids removal was 66%.
This apparent removal efficiency was due to the retention of solids in the digester rather
than complete utilisation of the feedstock, which is clearly apparent from the variations

in the consistency of effluent samples. pH decreased slightly to 7.19.

Week 3: Results continued to be variable, indicating that some settlement was still
occurring. CODt, T.S. and V.S. removal of 55%, 50% and 59 % respectively, was
achieved representing a decline slightly in comparison to week 2. pH again decreased,
to 7.07.

Week 4: Mixing frequency was increased again, the mixer was allowed to run

continuously at 60 r.p.m.
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b) Stable Operation at a 33 Day HRT

Week 5: Alteration of the mixing frequency ensured that effluent analysis results
became more consistent, covering a much nairower range. For example, Total Solids
ranged from 24,252 mg/l to 25,064 mg/l. CODt removal was 54%, T.S. removal was
41% and V.S. were reduced by 50%. The average methane content of the biogas was at
its highest so far (65.8% CHy), indicating that the methanogenic bacterial population
had acclimatised to the feedstock (having previously been fed a mixture of primary and
secondary sludge in Tuallmore). VFA was low, averaging at just 10 mg/l, suggesting .
that once the fatty acids were made availabie they were utilised by the methanogens. pH
decreased to a mean of 6.97. pH had decreased steadily since start-up. The most likely
reason for this was that the bicarbonate alkalinity added at start-up was being partially
removed during feeding, and not due to process instability, as VFA levels were

consistently low.

Conditibns within the reactor during week six were similar to week 5, though removal
efficiency continued to decline slightly (COD removal was 49%, T.S. removal 39.8%
and V.S 48%). The Methane content of the Biogas averaged at 64.1% with CO, at
30.2%.

Week 7: COD removal was significantly lower at 23%. This result can be explained by
the fact that the influent had an unusually low COD of just 30,000 mg/l, which may be
due to irregularities during the wastewater treatment process, (such as: operation at a
long sludge age, or omission of a high strength industrial wastewater discharge from the

influent stream during this time).

Overall, the digester was not adversely affected due to this low COD feed, as T.S.
removal was 41.8% and V.S. removal was 49%. pH decreased slightly to 6.89,
corresponding to an increase in VFA, which averaged at 70.8 mg/l. As the COD of the
“feedstock was so low, it is possible that residual undigested solids were also utilised
during this period, as 'hydrolysis is the rate limiting stage of the anaerobic digestion

process.

Week 8: pH increased to 6.97 and the average VFA was 60 mg/l. T.S. removal declined
to 37.9% as did V.S. removal to 42%, while CODt removal was 26% The gas
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-composition was monitored during the week revealing CH,4 content of 60.2% and CO,

of 34.5%.

For the duration of week nine, sodium bicarbonate was added to the feedstock at a rate
of 5g/l, pH had declined in the weeks previous. Gas composition was recorded with an
average CHy content of 61.5% and CO; of 35.5% . CODt removal was poor at 30.9%,

T.S. removal was 32.1% and V.S. removal was 33%.

Week 10: Typically, the biogas contained 61.6% CH,4 and 34.6% CO,. While COD
removal increased to 37.6%, T.S. removal was 30.6% and V.S. removal was 36% .VFA
increased to 128.5mg/l, and pH increased to 7.06 due to the addition of sodium
bicarbonate for the duration of week 9. The increase in VFA may indicate that the
methanogenic microbial consortium were under stress, but not to an extent that would
cause concern, especially since the biogas composition was reflective of the previous

weeks figure, the hydrolysis of retained solids may also have been a contributing factor.

WEEK 11; The CH,; content of the biogas increased to 63.8% and CO, of 34%
indicating re-stabilisation of synergistic bacteria. COD removal improved to 41.9% , but

T.S. removal was poor at 24.9% and V.S. was 31%. pH remained stable at 7.06.

Week 12: The CH, increased to 64.3% and CO; of 35%. The COD removal, was 28%,
T.S. removal was at 16.2% and V.S. of 21.7% was achieved. pH remained at 7.06.

Week 13: The biogas was composed of 65% was methane and 33.6 % CO,. COD
removal was only 28%, T.S. removal was 27.7% and V.S. removal was 32%. VFA had
risen slightly (from 128.5 mg/l week 10 to 134.2 mg/l); this had a knock on effect on
pH, which decreased to 6.98.

Week 14: CODt removal was 26%, T.S. removal was 25% and V.S. removal was

30.5%, the methane content of the biogas was normal at 64.8% and CO; of 29.8%.
¢) Operational issues: Mixing and Air shock

During week 15, effluent samples varied in consistency from very thin to extremely
thick, Total Solids ranged from 20,871 mg/l to 61,103 mg/l throughout the course of
the week, therefore all parameters varied greatly. Volatile Solids ranged from 12,826
mg/l to 37,579 mg/l and COD total from 19,230 mg/l to 27,545 mg/l. VFA results were
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of a narrower range 176 mg/l to 228 mg/l (average 202.2 mg/1). The composition of the
biogas fell to 57.8% CH, , CO? of 31.7% and O; of 0.17%. This left 10.4% of the
biogas unaccounted for, which may be attributed to water vapour or due to a shift in the
pbpulation of bacteria present, possibly due to competition between sulphite reducing
bacteria and the methanogens. Due to variable effluent samples the average COD
removal was 54.71% T.S was 24.8% and V.S was 29.87% . By the end of the week,
stratification within the digester became apparent. Visually, only the bottom half of the
digester was actively mixing. The top half was thick and gel - like in appearance with
gas pockets visible. For the duration of weeks 16 and 17 the digesters contents was
recirculated from bottom to top using a ‘Masterflex’ peristaltic pump at a rate of 140
ml/min (the tubing was primed prior use to prevent air from entering the digester), to
enhance contact time between the active biomass and the retained solids at the top of the
digester, facilitating the utilisation of retained solids. biogas composition didn’t vary
greatly from that of the previous week (CHy 58%, CO, 32.6% and O, 0.28%).
Samples were taken throughout week 17 for pH and VFA, as feeding was to
recommence when VFA reduced. The pH was 6.97 while VFA averaged at 207 mg/l,
which actually increased since the last recording week 15 (202.2 mg/]) this indicates
that undigested residual solids which had accumulated throughout the trial were being
utilised during non feeding also confirming slow hydrolysis of secondary solids and
ineffective mixing. The gas composition for this week was as follows: 57.8% CHa, 30%
COz and 0 % O,.

Week 18: The digester was fed as normal and recirculated for the duration of the week.
VFA reduced to 182 mg/l and pH increased to 7.07 this is an indication that
recirculation aided in digestion allowing maximum contact between the anaerobic
bacterial population and the incoming secondary solids. The COD removal was 36.2%
T.S. removal was 26% and V.S. removal was 33% which was an improvement on the
results achieved from week 15. The CH, content of the biogas decreased to 52.1%, CO2
was 30 % and O2 was 0%, one explaination for this result is that the methanogenic
bacteria were acclimatising to conditions imposed by recirculation (i.e. improved
contact between the bacteria and the feedstock, thus a higher concentration of feed
would have been made available to the bacteria). Having recorded irregularities in
biogas composition for the second time, once off analysis for total sulphur was

conducted to determine if sulphite reducing bacteria were competing with the

61




Chapter 5 | Results and Discussion

methanogens for substrate. This was not the case however, as results yielded 0 mg/l

Total sulphur.

Week 19: In week 19 there was an air shock caused by cracked tubing, which resulted
the displacement of 2 lt. of the digesters contents, visually the digesters contents

appeared grey in colour with the surface scum being almost white (Appendix B).

For the duration of the week, the digester was fed, but no effluent was removed to
replace the quantity displaced. The feeding regime and biogas composition for this
week can be viewed in Appendix C. An effluent sample was taken mid week to assess
the effect. The results were as follows: pH was 7.06, this was atiributed to the
dispersion of CO; gas from the digester (which is one of the reasons for the rapid
analysis of pH when a sample is taken from a active digester), VFA increased to 255
mg/l indicating that the methanogens were inhibited to some degree by the oxygen
shock, the extent of which will become more apparent with time. COD removal was
17.9%. Total Solids exiting the digester was higher than in the influent (Feed T.S.
48,804 mg/l while the effluent T.S. was 54,972 mg/l) thus V.S. concentration was
similar (Feed V.S 31,725 mg/l and effluent V.S was 32,852 mg/l). At this early stage,
the air shock seemed to have cause flotation of solids. The average methane content of
the biogas was 24% (but ranged from 1.4 to 48 % by the end of the week), CO, 18.12
% (ranged from 7.6 to 20%) and O 3.5% (ranged from 1.2% to 15.4 ). By the end of the
week the methanogenic population appeared to be re-acclimatising as the methane

content of the biogas was increasing on a daily bases.

Week 20: The overhead stirrer was used as the sole means of digester mixing. The
methane content increased to an average of 57.6%, 30.7 % CQ, and 0.4% 03, pH was
7.01 and VFA decreased to 189 mg/l indicating that the bacterial population were
quickly recovering from the air shock. COD removal was 20.1%, T.S. removal was
22.3% and V.S. removal of 28.4% was achieved.

Week 21: The percentage methane decreased to 55.2% and CO; increased to 34.4%
suggesting that acetogentic bacteria were the most dominant form at this time, and that
the methanogenic bacteria were more adversely affected. COD removal efficiency
improved at 26.5%, T.S. removal was 19.5% And V.S. removal was 27%. The pH was

almost neutral at 7.02 and VFA again decreased to 176 mg/l on average.
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Week 22: At this stage of the study the HRT was decreased to 15 D for two reasons: to
increase the flow through the reactor thereby removing inactivated microbes (from the
air shock) and secondly to be more representative of full-scale operation. Typically, the
OLR was 27.84g VS/D and VLR was 2.48 L/L/D. With immediate effect, the methane
content increased to 62.1%. VFA reduced to 150 mg/! despite pH decreasing to 6.97,
COD removal also improved to 34.2%, T.S to 33% and V.S. removal to 40.9 %.

Week 23: This was the final week of feeding prior a shut down period for Christmas.
For the duration of the week the methane content increased to 65.2% and CO, was
33.6%. pH was 7.01 and VFA again decreased to 138.5 mg/l. CODt removai and T.S.
removal was almost identical to the previous week (34.4% and 32.9 % respectively) but
V.S. removal decreased to 36%. At the end of the week the digester was shutdown
(Heating, feeding and mixing ceased) for a 3-week period, during this period the
temperature of the reactor decreased to a low of 6.2 °C. The shut down period, would

provide valuable information regarding the flexibility of anaerobic digestion.

Week 27: On the first day back after the holiday period the digester was heated. The
following day the temperature was up to 35 °C and mixing was re-commissioned.
Feeding commenced on the third day; the OLR, VLR and HRT was maintained as

before shutdown.

Stratification was apparent in the digester, to a much greater extent than that noticed on
week 15. In this instance, there were four zones visible. At the top of the reactor there
was scum, dark brown in colour with a volume of 2.2 L., under this there was black
zone volume was 2 L., with visible gas pockets, (presumably this was the methanogens
niche). Then there was a brown zone of fine sludge, with no gas pockets or visible
mixing, the volume here was 2 L., and finally, at the bottom, the sludge was similar in
appearance to the previous zone but was actively mixing, the volume here was 5 L.
Prior to initial feeding after shutdown, duplicate samples were taken at varying stages of
the reactor (top, middle and bottom, see Appendix D), at the top of the digester the T.S.
was 6.2%, in the middle T.S. was 4.1% and at the bottom T.S. was 4.3%. At a glance,
these results would illustrate that at the top of the reactor light floatable matter had
accumulated, the middle of the digester was the active zone of degradation, and at the
bottom fixed solids may have accumulated. However VFA analysis suggests a different

situation. At the bottom of the digester, where the feed is administered, the VFA
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concentration was the highest at 589 mg/l indicating that this is the zone of hydrolysis,
acidogenesis, and acetogenesis, as VFA are the intermediate by —products. In the middle
of the digester, the VFA concentration decreased to 326 mg/l representing a transition
or cross — over of the bacterial population as the substrate moves towards the
methanogens. At the top of the vessel the VFA concentration was considerably lower at

268 mg/l, indicative of the utilisation of VFA and their conversion to methane.

The sludge from the top of the reactor was gel -like in texture, which suggests that the
polyelectrolyte used to dewater the sludge at Manorhamilton sewage treatment plant
was accumulating in the reactor. A product data sheet for the polyelectrolyte in question
“Zetag 78N” from General Chemicals LTD. in Dublin, states that “ Zetag while
biodegradable, the rate of degradation is relatively slow. Assessed by means of the
closed bottle tests they tend to give a measured BOD (within 28 days) which is about 40
~ 60% of their COD, thus it is not rated as being readily biodegradable” (Ciba
Specialty Chemicals P/L, 1998). In a study conducted on the effect of polymer addition
on granulation in an anaerobic baffled reactor, a range of polyelectrolytes were tested
for specific methanogenic activity tests, the results of this study revealed Zetag to be
more inhibitory than a number of other commercially available polymers (Uyanik,
Sallis and Anderson, 2001). |

Week 27: Due to the zonation within the digester and consistency of the effluent,
effluent could only be removed from the middle porthole; this was the case up until the
second last week of operation. During week 27, the mean CODt removal was 13.2%
T.S. removal was 25% and V.S. removal 23%. These results reflect the three week shut-
down. Tt is most likely that after a period of dormancy the anaerobic bacterial
population required time to re-acclimatise. The pH remained neutral, despite VFA being

221 mg/l.
d) Stable operation at a 15D HRT

During week 28, the methane content of the biogas improved to 62.8% and CO, was
34.6%, which was a marked improvement on the previous week. COD removal was
27.5% (ranged from 31,032 to 36,210 mg/1), T.S. removal was 20% (ranged from 33776
to 37143 mg/l) and V.S. removal was 28% (ranged from 21,182 to 23,320 mg/l),and
there was a significant reduction in VFA to 162.6 mg/l.
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Week 29: The methane content of the biogas also increased to an average of 64.6% by
volume and CO; was 34%. COD removal was 23.8% (ranged from 33,408 — 35,500
mg/l), T.S. removal was 17.4% (ranged from 33,776 ~ 37,143 mg/l), and V.S. removal
was 24.5% (ranged from 21,182 — 23,320 mg/l). VFA increased to 242 mg/l indicating
that there was an increase in the rate / extent of hydrolysis and that the acetogenic
bacteria were more active in comparison to the methanogens, while pH decreased

slightly reflective of VFA production to 6.94.

Week 30: CODt removal increased to 36.2% (range 31,080 — 34,500 mg/l) T.S. removal
increased to 28.9% (range 30,374 to 34,841 mg/l) and V.S. removal increased to 34%
(range 19,269 to 22,479 mg/l). The Biogas was composed of 65.3% methane and 32.1%
CO,. These results indicate that the methanogens had become more active. VFA was
reduced to 216.5 mg/l.

On week 31 COD removal decreased to 25% (ranged from 31,140 to 41,160 mg/1) T.S.
removal was 18.3% (ranged from 35,056 to 40,570 mg/l) and V.S. was 24.1% (ranged
from 21,157 to 26,130 mg/l). Again due to mixing difficulties large variations were
noted in the consistency of the effluent samples. Biogas production consisted of 65%
methane and 33.6% CO,. The pH remained almost neutral, but VFA increased to 269.5
mg/l which is the highest value for VFA to date. This was due to the hydrolysis of

retained solids and not process instability as the methane content of the biogas was high.

Week 32: COD removal was 26% (range 31,560 to 38,610 mg/l) T.S. removal was 23%
(range 35,155 to 37,642 mg/l) and V.S. removal was 27% (range 21,690 to 22,961
mg/l). VFA decreased to 201 mg/l and pH decreased to 6.85.

Week 33: There was no significant change in digester performance during week 33,
except for the fact that the Total Solids concentration of the effluent increased ranging
from 37,298 to 42,903 mg/l, the average being 39,447 mg/l. Again, the methane
content of the biogas was high at 64.8% and CO, of 32.5%. VFA was 196.5 mg/l and
pH increased to 7.05
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Table 5.6: Aerobic Pilot Digester Operartioﬁal‘Conditions

[HRT

Week
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* Air compressor failure
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—_— .

REMOVAL EFFICIENCY OF THE THERMOPHILIC AEROBIC PILOT SCALE REACTOR

Figure 55 Influent and Effluent Total Solids Over Time and

% Remowval
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5.2 Operational Performance of the Thermophilic Aerobic Pilot Scale Reactor

(Start — up) Operation at a Mesophilic Temperature

The start — up process of a full scale ATAD is rapid, reaching a temperature of 55 °C in
less than 14 days (Kelly, 1995), and does not require the transplantation of active
biomass from an operational reactor to the new system. The pilot scale reactor in this
case was seeded, in accordance with recommendations made by Kelly (1995). The pilot-
reactor containing 10.5 L. of activated sludge at 5% T.S. was then sealed, mixed and
-aerated. The D.O. at this stage was maintained at 2.1 mg/] and the temperature was 16.6
°C on average. The digester was not fed for the first week of operation, and was
monitored closely. Samples were taken for T.S., V.S. and COD reduction, while
temperature was measured at intervals of 30 min. During the first week of operation the
digesters contents became more concentrated on a daily basis due to evaporation,
enhanced by the force of aeration and mixing. CODt increased from 4.87 to 5.17%.
While the general mass of V.S. correspondingly increased from 33,183 - 34,605 mg/l
during this time, the actual percentage of V.S. decreased from 68 — 66.9% of the T.S.,
within the initial five days of operation. This decrease indicates that a small quantity of
the solids were being utilised by the aerobic biomass, during this period of
acclimatisation and non — feeding. Microbial activity is further evident, when the CODs
concentration is taken into account, as CODs decreased from 884 to 723 mg/l. The
- CODs, free and available for metabolism, has most likely stemmed from that originaily
present in the seed sludge, rather than newly produced (by hydrolysis) soluble matter as

the extent of hydrolysis would have been limited.

In the second week of operation, the digester cooled slightly and the temperature
averaged at 15.5 °C. Feeding commenced at a relatively high HRT of 30 days and a
total solids concentration of 5.7%, as suggested by Kelly (1995). Evaporation was
apparent on a daily basis but was minimal, at approximately 150 to 200 ml/day. Water
was added to the digester, proportionate to the quantity evaporated and the digester was |
left undisturbed, aerating and mixing for 5 minutes prior to effluent removal and
feeding. This procedure was continued until reactor shutdown. Results of analysis were
similar to the previous week. pH was neutral and alkalinity was 4542 mg/l. Once again‘
the CODs decreased to 540.5 mg/l on average. T.S. was reduced by 16%, V.S. was
reduced by 17.2% and CODt removal was 12%. The actual removal at this stage is
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almost certainly negligible as the CODs decreased significantly indicating that there
was little hydrolytic action occurring and that the microbial population were dependent

on readily available CODs to sustain life.

It was apparent by week 3 that the reactor was not going to self heat, as the reactor
should have increased in temperature by 2 -3 °C / day whilst unfed, and increased in
temperature by a further 8 — 10 °C overnight once feeding has commenced at a low feed
rate (Kelly, 1995). This did not occur however and it was decided to apply heat to the
vessel to achieve thermophilic conditions. A water bath was employed to circulate the
warm water at 32 °C around the double wall of the reaction vessel. The contents of the

reactor increased to 28 °C, which is still within the mesophilic range.

This initial temperature rise was slow in order to avoid thermal shock to the microbes.
In order to limit heat loss from the system, the vessel was stripped of its original lagging
and a new lagging jacket of Rockwool at 6 inch thickness surrounded by black plastic
was fitted securely to the reactor. Auto-heating did not occur, but there were a number
of noticeable effects following the application of heat to the reactor. For instance, the
pH of the effluent increased to 7.26 (ranging from 6.64 — 7.85) coupled with a marked
increase in CaCO; to 4721.20 mg/l (due to metabolism —generated alkalinity). pH is a
feature of thermophilic conditions, as the temperature achieved during digestion
suppresses nitrification within the reactor,- ensuring that the pH remains relatively
alkaline in nature (U.S. EPA, 1990). It is possible that exothermic conditions were
present at this stage, and were masked by the cooling effects of aeration and poor heat
retention. Hydrolysis of the sludge was apparent for the first time since start-up, as the
CODs increased from 738 (week 2)— 1952 mgl (week 3). It appears that the increase in
temperature stimulated the microbial population thereby enhancing hydrolysis of the

feed sludge.

There was a significant increase in the rate of evaporation during this week. To prevent
this, a condensation trap was installed to collect the condensate returning it to the
vessel, at various periods during a 24 hr period, by timed pump. The quantities lost by
evaporation increased from 150 — 200 ml the previous weeks to 2 L. on average, during
this time, which may also be indicative of heat generation through respiration and

metabolism. The condensate trap consisted of a tube from the lid of the reactor

71




~ Chapter$ Results and Discussion

connected to a Bunchner flask, which was sitting in a bucket of cold water. The
condensate was analysed for CODt, which was found to be approximatety 80 mg/l. T.S.
removal during week 3 was 28.2 %, V.S. 30.5 % and CODt was 28.6%, which has

almost doubled that of the previous week.

(Start up): Operation in the Thermotolerant Temperature Range

In the following week of operation (week 4) the feed rate to the digester was increased
to 28.03g V.S./d, with a reduction in HRT from 30 days to 12 days. The temperature of
the reactor was brought into the thermotolerant zone at 47.59 °C. In response to the
temperature increase, the D.O. concentration fell from 2 mg/l on average to 0.5 mg/l and
below. The air compressor was changed from the Stanley unit (capacity of 25 L.) to a
170 L. capacity unit as the Stanley compressor was at its maximum output. ATAD’s
have been known to operate at dissolved oxygen concentrations, as low as 0.5 mg/I
(Pressley, 2001). However, it was decided in this case to keep the D.O. greater than 2
mg/l, to prevent odours and anoxic conditions, which are thought to occur following

feed rate adjustments and temperature increases-(Jowill et al., 2002).

Condensation increased with the higher temperatures and the condensate trap was
redesigned to trap the evaporate. A glass distillation column was fitted to the lid of the
reactor, held in place by two clamps. Cold tap water flowed through the column on a
continuous basis. This improved the situation significantly. For the remainder of the

trial, 2 L. of water was added to the reactor daily by timed dosing pump.

For the period of operation in the thermotolerant temperature zone, the pH of the
digester effluent averaged at 7.64. The extent of hydrolysis improved, as COD soluble
averaged at 1400 mg/l. The increase in hydrolysis of the cells was due to a combination
of factors: firstly the alteration of the digester temperature may have killed or
inactivated mesophilic organisms present and secondly, the temperature increase
stimulated the growth and activity of thermophilic organisms. The percentage of V.S.
within the digester decreased significantly from that found during mesophilic operation.
For example V.S. percentage during mesophilic operation averaged at 66.55% but
decreased to 60.3% during operation in the thermotolerant range. Solids removal was

best towards the later stages of operation in the thermotolerant temperature range,
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following acclimatisation to environmental conditions. On average 24.6% of the T.S.

was removed, 27.5% of V.S. was removed and 37.3 % of Total COD was removed.

Operation in the Thermophilic Temperature Range

The digester was maintained at a HRT of 12 days and an average D.O. concentration of
2.08 mg/l. The temperature was increased to 53 °C, which is specified as one of the time
— temperature conditions to achieve a Class A Biosolid in terms of pathogen reduction
(> 120 hr retention at 53 °C) (U.S. EPA, 1990). Following alteration of the digesters
temperature, the D.O. concentration decreased, the average for the first week of
operation at 53 °C was 1.35 mg/l. For the remainder of this phase in the trial the D.O.
was maintained above 2 mg/l. The rate of evaporation correspondingly increased due to
the temperature and air flow alteration. The concentration of soluble COD in the
digester effluent decreased significantly to an average of 1117 mg/l during thermophilic
operation. This may be due to a transition phase, where the microbial population moved
from predominantly thermotolerant, to thermophilic. Removal efficiency was 14.6 %
for T.S. and 28.81% for V.S., while Total COD removal was just over 30% (31.11%)
lagging behind the removal efficiency experienced during thermotolerant operation. The

pH decreased to 7.33, on average.
Digester Performance during Alteration of Loading Rate

12 Day HRT

With the digester fully operational and acclimatised to the operating temperature of 53
°C, the next phase of the trial focused on the performance of the digester during
variations in HRT, in order to determine the optimum feed rate / HRT for the system.
The rea;::tor was maintained at the HRT of 12 days and an average D.O. of 2.4 mg/l

(week 12 —14 measurements).

During week 15, the air compressor failed on two separate occasions. The first failure
occurred overnight. As the forced condensation stopped with cessation of aeration, the
automatic condensate replacement resulted in an excess of liquid in the digester and

some dilution. Also, as the air forced cooling effect had ceased, the reactors contents
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increased to the temperature of the water jacket (70 °C). Soluble COD in the effluent
doubled, from 1,196 mg/l to 2,640 mg/l, this can be attributed to cell lysis as a result of
heat shock.

While it is reasonable to assume that the reactor became depleted of oxygen, there was
no noticeable odour, above the normal VFA odour (sweet fermention odour). VFA was
measure at 181 mg/l as acetic acid. The pH fell to 6.86 during the period of compressor
failure, but had returned to 7.72 by the end of the week. Alkalinity was measured at
3,565 mg/l CaCO; at the time of low pH. The digester settled quickly after the first air
compressor replacement, returning to 53 °C and, in fact, climbing to 56.6 °C for the next
two days, when there was a second air compressor failure. In the six hours following the
second breakdown, temperature increased to 60.3 °C. After the second replacement,
temperature returned to 53 °C, and was stable at that for the remainder of the trial
period. It is possible that the short self-heating stage following the first compressor
breakdown and replacement (temperature increased from 53 — 56.6 °C) was a result of

utilisation of excess soluble COD produced during the initial temperature shock.

From week 15, reliable D.O. measurement was not possible as D.O. meters are unable
to measure the D.O. accurately in such low concentrations. The digester was also
qualitatively assessed daily for changes in sludge colour and odour, to highlight the
development of an oxygen deficient environment, while pH would continue to provide
valuable information on the health of the system. In terms of removal efficiency the
digester performed well, despite failure of the air compressor (omitting week 15 results,
due to dilution) the T.S. reduction was 20.35% while V.S. reduction was 31.17% and
CODt was 34.23%,

10 Day HRT

The HRT was reduced from 12 days to 10 days which had a knock on effect on the
OLR to the digester, averaging at 40.33g V.S./d for this period. The rapid turnover rate
of the thermophilic aerobic digester facilitated by the short HRT and SRT of the system,
ensured that the system remained largely unaffected by the shocks encountered during
the previous stage of the trail (HRT 12D). Removal efficiency was good, achieving T.S.
removal of 22.8%, V.S. removal of 37.19%, and total COD removal of 37.17 %. This

was the best removal efficiency since start-up. Alkalinity and pH also increased
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following the utilisation and neutralisation of VFA’s previously encountered, with
values in the range s of 4624 mg/l CaCOj; and 7.6 respectively. VFA was measured and,
at 28 mg/l as acetic acid, was found to have been reduced from the period of

temperature shock and oxygen deficiency.
8 Day HRT

In the final stage of the trial, the HRT was reduced to 8 days, which is typical of a full-
scale reactor. The OLR incréased correspondingly to 50.36 g V.S./d. The pH remained
stable averaging at 7.62, while alkalinity increased to 4,702 mg/l CéCOg on average,
indicating that oxygen limitation was occurring despite increasing the BOD load to the
reactor. The percentage T.S. removal, however, decreased to 17.65% on average, V.S.

removal decreased to 27.46%, while CODt removal decreased slightly to 32.87%.
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5.3 Evaluation of Pilot Plant Performance in the Treatment of Secondary Sludge

Removal efficiency

The success of sludge digestion is typically assessed quantitatively by means of net
solids reduction (T.S. removal) and V.S. removal. Anaerobic sewage sludge digesters
are maintained at 2 HRT ranging from 15 — 30 days on average (Tchobanoglous and

Barton, 1991).

In the initial stage of the trial, the pilot scale anaerobic reactor was operated at a HRT of
33 days and an average OLR of 10.33 g VS/D at a T.S. concentration of 4.5%. During
this period, an average T.S. removal of 37%, V.S. removal of 38% and CODt removal
(;f 37% was achieved. However, following a reduction in HRT to 15 days, which
increased the OLR to 22.9, g VS/D approx. (at 4.6% T.S.), solids began to accumulate
within the digester and removal efficiency decreased to an average of 19% for T.S.,
25% for V.S. and 26% for CODt.

As secondary sludge is produced following the biological oxidation of wastewater, its
composition varies greatly from that of primary sludge, which is composed mainly of
fine faecal matter. The majority of secondary sludge is composed of bacterial cells and
organic constituents, which could not be treated sufficiently (due to a short retention

time) in the wastewater treatment process.

Proteins, fats, and short chain carbohydrates are all easily oxidised during activated
sludge process. The compounds less amenable to oxidation however, are carried
forward for treatment with the siudge. These compounds are polysaccharide in nature

and may include; cellulose, hemicellulose, lignin, pectin, and starch,

The first stage of digestion is hydrolysis, and is performed by means of extracellular
enzymes. The hydrtolytic organisms present are substrate specific, for instance

celluolytic bacteria such as Clostridia, Ruminococcus, Butyrivibrio, Bacteroides and

Cellobacterium. are genera commonly observed in sewage sludge digesters. These

organisms play a predominant role in the hydrolysis of polysaccharides, but cellulotic

bacteria are often in fewer numbers than the acidogenic organisms and thus hydrolysis
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of these compounds is rate limiting. Starch, on the other hand, is more susceptible to
hydrolysis. The main genera capable of hydrolysing starch include Bacteroides,

Micrococcus, Bacillus, Clostridium and Pseudomonas (Marty, 1984).

The rate limitation of hydrolysis was clearly apparent during operation of the pilot scale
anaerobic digester, as greater removal efficiency was observed at the longer HRT of 33
days. At the mesophilic temperature of 35°C and a 33 day HRT the Biosolid produced is
reflective of a class ‘B’ sludge with respect to V.S. removal (U.S. EPA, part 503).
However, operation of a digester at a HRT of 33 days in practice requires the provision

of larger reactors, increasing the capital cost of treatment.

Thermophilic aerobic digestion proceeds at a much faster rate than anaerobic digestion,
due to the rapid synthesis of biomass within the reactor. The high temperature of

operation, has a number of beneficial effects on digestion, including:

* Increased substrate utilisation rate, as microbial metabolic activity increases with
temperature.
¢ Aids in mixing, as the viscosity of the sludge is reduced.

* Increased rate of oxygen diffusion (even though oxygen saturation decreases).

All of these factors allow operation of a thermophilic aerobic reactor at a much lower

HRT, typically in the range of 5 — 9 days, (Kelly 1995).

The aerobic pilot scale reactor was operated at three different hydraulic retention times
during the course of the trial, 12, 10, and 8 days. Decreasing the HRT increased the
OLR to the digester, which ranged from 33.72g V.S./4, 40.33g V.S./d and 50.36g
V.S./d, respectivély.

At the 12 day HRT, approx. 22% T.S. removal, 34% V.S. removal and 35% CODt
removal was achieved. There was slightly better removal achieved at the 10 day HRT
which resulted in 23%T.S. removal 37% V.S. removal and 37% CODt removal.
However, the largest variation in removal efficiency was experienced when the HRT

was decreased to 8 days, as T.S. removal was just 17%, V.S. removal 22% and CODt
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removal was 32%. These results indicate insufficient time for metabolisation and
hydrolysis of the substrate. CODt removal suggests that the pool of readily available
CODs within the digester was being utilised and thus the active biomass had not gone
into the endogenous respiration stage, as there is ample substrate available. The

endogenous respiration phase is where the net reduction in solids typically occurs.
Process Stability

The conversion of volatile matter to methane, carbon dioxide, water and new biomass
by anaerobic means, is a sequential process involving the interaction of a synergistic
group of microorganisms. The nature of the process is such that the by —products of
degradation produced by one group of organisms forms the substrate for another
(Aguilar et al., 1995).

Under stable operation, the production of these intermediate by-products is equivalent
to their utilisation. However, alteration of operational and environmental parameters
such as HRT or feedstock composition can have a profound effect on the production of
intermediate by-products, especially Volatile Fatty Acids (VFA), as the specific growth
rate of the acid forming organisms is greater than that of the methanogens (p max ~ 1/
hr, and p max ~ 0.04 / hr, respectively) (Bitton, 1994). VFA production in the pilot

scale anaerobic digester was monitored by two different techniques.

* HACH Spectrophotometer, as an early warning of possible instability (expressed
as mg/l acetic acid).

* Gas Chromatograph, to evaluate the overall health of the system based on
specific VFA’s present. (resuits presented in Appendix E)

At the HRT of 33 days, VFA’s were low, averaging at 95mg/] acetic acid. As expected,
the VFA concentration increased following alteration of the HRT to 15 days, averaging
at 225mg/1 as acetic acid. This is due to the doubling of the OLR to the digester. These
results indicate that VFA’s were not been utilised quickly enough by the methanogenic
population and were starting to accumulate within the digester. However, on review of

the concentrations of specific VFA’s present, this is not the case, as at a HRT of 33
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days the concentration of acetate averaged at 1.97 mg/l, propionate 1.32 mg/l and
butyrate 2.11 mg/l. when the HRT was decreased to 15 days, these particular VFA
concentrations were similar, with 2.99 mg/] acetate, 0 mg/l propionate, and 0.21 mg/l
butyrate on éverage. It is concluded, based on the fact that a VFA concentration up to
224 mg/l as acetic acid was recorded, the individual constituents of this total VFA
figure for secondary sludge are different to those normally produced in anaerobic
digesters treating primary sludge. Thus, while propionate, butyrate and acetate are
deemed good indicators of process stability in the digestion of primary sludge (Aguilar
et al., 1995), they are not good performance indicators in the treatment of secondary
sludge. VFA’s suitable as indicator of process performance could be determined by
analysis for a broader spectrum of VFA’s in future studies. Biogas composition, in this
instance, is of greater significance, as inhibition of methanogenic activity would be
reflected by the methane content of the biogas. On consideration of biogas composition,
the process was seen to be stable when operated at 33 day HRT and at a 15 day HRT, as

the biogas contained 63% methane on average.

VFA’s are not typically produced in aerobic environments, except under oxygen
deficient conditions. VFA was measured however; during operation of the pilot acrobic
plant following the application of heat to the digester to ensure the system had not
become oxygen limited. The result was 0 mg/] as acetic acid. VFA was repeated when
the air compressor failed, prompted by the presence of a sweet odour from the reactor.
The results in this case were 180 mg/] as acetic acid. Following aeration and re —
stabilisation of the reactor, repeat analysis was conducted to ensure VFA production has
subsided, the result of which was negligible. These results are in accordance with the
findings of Li ef al., (2002) in which VFA was found to accumulate in systems were

the oxygen demand exceeded the oxygen supply.

Influencing Factors (Feedstock biodegradability)

Removal efficiency is dependant on the biodegradability of the feedstock. Typically,
feed solids should contain greater than 70% V.S. for efficient anaerobic digestion (in
terms of biogas yield) (Malina, 1992). Similatly, 70% V.S. is deemed as adequate to

achieveand maintain autothermal conditions within the aerobic reactor.
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In terms of secondary solids, not all of the volatile solids presented to the reactors, are
readily biodegradable. It has been estimated by De Souza Araujo et al., (1998) that an
activated sludge plant operating at a sludge age of 10 days, produces a sludge with 64%
V.S., but only 44% of this volaﬁle matter is readily biodegradable / live (estimated by
means of specific oxygen utilisation rates). When this feedstock was subjected to
mesophilic anaerobic digestion, at a 20 day HRT, a T.S. reduction of just 26% and V.S.

reduction of 29% was achieved.

While the percentage removal via ATAD was not investigated in this study it is
presumed that the live portion of the V.S. would be an important consideration in the
biodegradability of the feed solids by aerobic means also. The Water Pollution
Federation U.S (1995), advises that solids retention time is maintained at less than 15
days in the aeration basin of the wastewater treatment plant to keep endogenous

respiration to a minimum.

The presence of toxins was discussed in section 2.2.4. However, it is important to point
out on the topic of polyelectrolytes that, while Zetag 787 was found to be more
amenable to degradation by anaerobic means in comparison to aerobic digestion, the
possibility of a polyelectrolyte accumulating within an mesophilic anaerobic digester is
more feasible, as the retention time is substantially longer than that of a ATAD,
settlement or flotation and accumulation of such substances is further avoided in ATAD
due to the temperature of operation, and the vigorous mixing and aeration system within

the reactor.
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5.4 Review of Full Scale Sludge Treatment Plants

The following section describes the current use of Mesophilic Anaerobic Digestion and

ATAD in Ireland.

5.4.1 SLUDGE TREATMENT PLANT SUMMARY: TULLAMORE, CO. OFFALY
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History
Treatment Technology: Mesophilic Anaerobic Digestion
Year of Construction: 1989
P.E. Design 16,000, actual 14,000
Feedstock character: Primary and Secondary sludge produced on site.
Volume/ day: 17 m’® approx
HRT: 20 days approx.
Feeding system Continuous
Plant and Equipment
No. Of Digesters One
Volume: 330 m’

Heating system:
Hot water boilers:

CHP unit;:
Gas Holder

Mixing system:
Final product storage:
Final sludge disposal / reuse

Internal heat exchanger
X 2, (1 propane gas and 1 methane)

2 gas engines (1 duty, 1 stand-by)
1 Bell over water system, 10 m?

Gas injection
1 Open top storage tank _
Belt pressed to 17% T.S. approx., and land spread
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Tullamore Sludge Treatment Plant

Primary Treatment
2 Primary clarifiers (Size: 14m diameter, side wall depth of 2 m). System desludges
automatically to the picket fence thickener.

2 Primary Biofilters (9.8 m diameter, 1.8 m deep, total volume of media 272m?)

Secondary Treatment _

2 Aeration basins (size 12m X 12m X 2.6 m deep, freeboard 1100 mm, liquid capacity
of 750 m3), operated in series. Ferric chloride added at inlet to aeration basin.

2 Secondary sludge clarifiers (size: 14 m Diameter, 3 m deep sidewall and 15 % floor
slope). Desludged on a continuous basis by hydrostatic head to the sludge screw pump

inlet chamber. Sludge drawn off to thickener.

Sludge Preparation

Primary Clarifier

Settled sludge is pumped to the sludge reception chamber, before being pumped to
picket fence thickener (size: 5.8m in diameter, 4.5 m deep with rotary floor scrapers and
picket frame, the tank is a covered concrete unit. Sludge continuously pumped to the

PFT via automatic desludging equipment.

Secondary Sludge:
Initially the secondary sludge was mixed with the primary sludge but since it was only
0.7 % T.S. it resulted in a thin feed. In 1997 during up —grading of the plant two 2 new

belt presses were acquired, all WAS is not belt pressed before being fed to reactor.

Sludge Treatment

There is one anaerobic digester, which is constructed above ground. The reactor has a
volume of 330m’, and is constructed from glass- coated steel panels on a concrete base.
(7.6 m diameter, and 7.3 m in height). The reactor is externally insulated with twin
skinned glass reinforced plastic (g.r.p) and polyurethane foam panels. The reactors roof

is a fixed structure, constructed with insulated g.r.p.
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Digester Feeding

The thickened sludge at 4% T.8. approx. is pumped (by two feed pumps one duty and
one standby) separately from the PFT and belt press to the digester; in small batches at
varying times throughout the day. The inlet port is situated on the roof of the digester,
and consists of a tube projecting beneath the sludge surface level to a distance of 1000
mm, to prevent gas loss. The inlet is fitted with level probes to detect high-level sludge
in the digester. Effluent removal occurs automatically during feeding, as the digested
sludge passes to overflow weir (g.r.p assembly bolted to the side of the tank) to the
down pipe through a 200 mm square opening in the tank.

Digester Heating
There is a hot water internal heat exchanger at base of tank. There are three methods of
heating the water. |
(1) There is one gas boiler operated on methane (used if CHP is not in use)
(2) One gas boiler operated on propane (used for start up or in case of failure of
methane gas supply) '
(3) The CHP unit which uses methane used to generate electricity, heat recovered
from the exhaust and cooling the oil system satisfies the heating requirements of

the digester.

The Digester is fitted with 8 internal annular heat exchangers, fabricated in €poxy
coated steel, fixed to the digester base in circular array, each located above stirring
pipes. Heat exchanger: 610 mm diameter, 1200 mm high, exchangers are fed from 2”
supply and return water main. Digester is fitted with one water pump on the heating
water circuit, which is designed to operate at all times, regardless of whether the boilers

are operating.

Mixing

Performed by gas recirculation, through a series of 12 stirring nozzles around the base
of the tank. Gas is drawn from the gas holder and pumped by the gas pump to the rotary
valve. The rotary valve is an L port valve driven by reduction gears and a ratchet drive
off the gas pump motor. The valve is rotated by ratchet, which moves one portion every

minute, to give one minute of stirring for each stirring pipe while the gas pump is
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running. Gas pump operates automatically, controlled by gas pump timer on the main

digester control panel. Manual operation is also possible.

Gas Storage _

Gas is removed from the roof of the digester and flows to gasholder. Which is a bell
over water system (twin — skinned g.r'p construction, on a concrete base). The gasholder
has a small capacity of 10 m’ as it was designed more for pressure regulation, gas

buffering and gas filtering than storage.

Gas taken from the splash trap which is a large chamber at the top of the digester (to
prevent particulate matter and water from entering the gas lines and gas holder). It
operates by drawing gas from the digester slowly, allowing solids carried by the gas to
fall back into the digester. The trap is not insulated, to provide some cooling of the gas
and condense out some of the vapour contained in the gas. The outlet pipe turns up

inside the trap to draw from its highest point.

The low points of the gas lines to digester, boiler, and gas pump are fitted with a
condensation trap, next to the gas holder. This is an A.B.S water fitted trap that collects

condensation from gas before it enters the boilers, pumps and engines.

There is a gas vent pressure release valve mounted on the top of splash trap in the centre

of the digester roof, to allow gas venting in case of emergency.

Energy Generation
The CHP unit has an output of 21 kW, cannot operate independent from the ESB
supply. Power generated is fed back to the main control panel, reduces the demand from

the ESB grid. A flare stack was installed in 1997 but is rarely used.

Final Sludge Storage
The digested sludge storage tank is a rectangular open tank 24m x 7.5 m x 2.9 m deep
with 300 mm freeboard, capacity 529 m>, Sludge is dewatered to 17% T.S. by belt press

and spread on land.
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Odour Control

An odour control systerﬁ was installed in 1997. This consisted of sealing the primary
tank desludging units, the trickling filters, the picket fence thickener and emergency
sludge holding tank, once collected, the odorous air is drawn off by extraction fans to

biofilter units (shell system)

Analysis
Raw and digested sludge analysis was conducted twice per week up until 1998.
However, since 1998 only temperature and pH has been monitored daily, as the digester

is considered to be in stable operation.

Table 5.7 Tullamore Analysis Results (Average 6/°96 — 8/°98)

Feedstock Digester Sludge

pH 6.50 pH 7.33

T.8. % 3.57 T.5.% 1.94
T.S. removal % 46 %
VFA mg/l acetic acid 75
Alkalinity mg/l 4,370
CaCos
Biogas composition:
CHs % 59
CO; % 41
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5.4.2 SLUDGE TREATMENT PLANT SUMMARY: GREYSTONES, CO. WICKLOW

History

Treatment Technology:

Year of Construction:
PE.:

Feedstock character:
Volume/ day:

HRT:

Feeding system

Plant and Equipment

No. Of Digesters
Volume:

Heating system:
Hot water boilers:

CHP unit;
Gas Holder

Mixing system:
Final product storage:

Final sludge disposal / reuse
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Mesophilic Anaerobic Digestion

1996
13,000 (30,000 design)

Primary and Secondary sludge produced on site

18 m’ approx / digester.
30 day approx.
Continuous

One
570 m® / reactor
External heat exchanger

X 1, (Dual fired, operates on biogas and propane)

1 gas engine

1 bell over water system (capacity 16.4 m3)

Gas injection

1 secondary digesters (stirred tank, with odour

control)

Dewatered by 1 decanter to 22% T.S., and land

spread
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Greystones Sludge Treatment Plant

Primary Treatment

There are three primary settlement tanks, with provision for a fourth. Each 17.3 m
diameter, when the sludge blanket level (indicated by probe) is detected the bellmonth
drops and the hydrostatic pressure feeds the sludge to a sump.

Secondary Treatment

There are six aeration cells only three in use,(12m long, 12m wide and 6 m deep),
aerated by fine bubble diffused aeration. The cells are used in sequence; the tanks are
fitted with D.O. probes and MLSS probes at the outlets. Building No. 2 houses the air
blowers, used to supply the aeration tanks with air, There are three secondary settlement
tanks (20.2m diameter), with provision for a fourth. When the sludge level blanket level
is detected the bellmonth drops and the hydrostatic pressure feeds the sludge forward to

a collection sump.

Sludge Preparation

From the primary sludge sump the sludge is pumped to one of the two-covered PFT.
PFT are glass-lined tanks, 4.2m in diameter and 4.0 m in height. The primary sludge is
thickened to 4 — 5% T.S. The WAS is pumped from the secondary clarifiers to building
No. 3, where it is thickened by two rotary drum thickeners. Solids are thickened to 5 —
6% T.S. Both sludges are then pumped to one of two-covered sludge mixing tanks (only
one commissioned), and biended together. The tanks are glass lined 7.68 m in diameter

and 2.8 m in height.

Anaerobic Digester:

There is one anaerobic digester, with a capacity of 570 m>, (4.2 m in diameter and 8.4 m
in height, with fixed roof).

The reactor is constructed from glass lined reinforced steel, the sidewalls and roof of the

reactor is insulated with 200 mm of rockwool.
Digester Feeding

The digester is automatically fed once every hour (approx 0.79 mg/hr). The feed is
pumped from the mixed sludge storage tank to the digester by mono (positive
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displacement pumps 1 duty and one standby) pump with a capacity of 15 m’/hr. The

feed sludge enters at the recirculation line before the external heat exchanger.

Digester Heating

The digester is heated by means of an external concentric-tube hot water heat exchanger
unit. The unit consists of four heat exchangers, two on the bottom and two on the top.
Each exchanger is 1.5 m long with a 225 mm diameter pipe. The sludge flows in
sequence through each exchanger starting at the bottom and flows up to the top. The
exchangers consist of two co-axial tubes with sludge flowing through the inner tube and
hot water flowing through the outer tube in an opposite direction. Heat exchanger has to
be cleaned once every 6 months, which means that the digester is without heat on that
particular day for 4 hours approx. the sludge is circulated constantly to the heat
exchanger from the digester by two mono positive displacement pumps (1 duty and 1

standby) with a capacity of 37 m® /hr.

There is only one boiler on site and no back up. This boiler is dual fired run on methane
or propane. The hot water is then circulated to the heat exchanger by centrifugal type
hot water pumps (1 duty and 1 standby). Two temperature probes in the digester control
the boiler. The temperature probes can also be used to indicate mixing, as readings from

probes should be constant to indicate good mixing.

Digester Mixing:

Mixing is achieved by gas injection. There are 8 gas pipes, which enter through the top
of the digester and travel down the side of the digester walls, finally turning out towards
the centre of the digester. A gas compressor, outside the digester, compresses the gas to
the 8 pipes. The quantity of gas entering the digester is controlled by solenoid valves,
located on each of the pipes at the entrance to the digester. Opening and closing of these

solenoid valves is controlled by an air compressor stored in the sludge building,.

The gas injection system works as follows: Two-gas valve are opened and the gas is
compressed into the digester for a predetermined period, mixing that part of the tank.
Prior to the closing of these valves the adjacent two valves are opened and gas is

compressed and expelled to these two valves. Then the two other valves cutout. Thus 4
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valves are on together just for a short period. This pattern continues round the 8§ valves

and continues for 24 hr / day.

Gas Storage

There is one gas holding tank, bell over water type, with a storage capacity 16.44 m>. A
level switch controls the gas level in the holding tank. When the gas level teaches 95%
of the holder capacity, the flare stack cuts in and flares the gas until the tank is back to
75% capacity. There is also a breathing safety valve. Prior to entering the gas holding
tank the gas goes through a condensation pot, to remove moisture. Since the gas is used
in the boiler, it again goes through another condensation pot. The pots are cleaned once
per week, as, if they become blocked, gas will be trapped in the digester (should this
situation occur, the digester is fitted with a pressure release valve and vacuum valve
located at the top of the digester). The gas is not scrubbed or filtered which causes

problems for the gas compressor, causing scale build up and requires regular cleaning.

Energy Generation

There is a CHP unit on site but it has not been commissioned.

Final Sludge Storage

The storage tank is situated beside the digester, which can also be described as a
secondary digester, the tank is sealed with activated carbon units at the top for odour
control, it is unheated, unmixed and provides 15 day storage. Sludge is then dewatered

by decanter to 22% T.S. and is spread on land.

Odeur Control:
Odorous gas from PFT and Mixing tank is passed through a shell biofilter.
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Analysis: Online pH probes, 2 temperature probes one in upper and one in the lower
section of the tank (measured daily). Temperature probe in recirculation line (measured
daily). Biogas volume and quality measured daily all other parameters 2 —3 times per
week. '

Table 5.8 Greystones Analysis Results: 12/°02 - 2/°03

Feedstock Digester Sludge

pH 7.12 T.S. % 4.08

TS. % 6.4 T.S. removal % 36
VFA mg/l acetic acid  244.87
Alkalinity mg/i 5,300
CaCos
NH; mg/l 1,353
COD mg/l 5,576
Biogas composition:
CH, % 63
CO; % 34
Biogas vol. m*/d 2215
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5.4.3 SLUDGE TREATMENT PLANT SUMMARY: CLONMEL, CO. TIPPERARY
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History

Treatment Technology:

Year of Construction:
P.E.:

Feedstock character:
Volume/ day:

HRT:

Feeding system

Plant and Equipment

No. Of Digesters
Volume:

Heating system:
Hot water boilers:

CHP unit:
Gas Holder

Mixing system:
Final product storage:

Final sludge disposal / reuse
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Mesophilic Anaerobic Digestion
1998
70,000

Primary and Secondary sludge produced on site.
80 m’ approx.

20 day approx.

Continuous

Two

800 m® / reactor

External heat exchangers

X 2, (Dual fired, operates on biogas and propane)

2 Dual fired
1 bell over water system (capacity 200 m®)

Gas injection

I storage tank (same spec. as digester but unmixed
and unheated)

Dewatered by 2 double belt presses, landspread.
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Clonmel Sludge Treatment Plant

Primary Treatment
There are two Primary settlement tanks diameter (10.6 m), two trickling filters, two

intermediate clarifiers.

Secondary Treatment:

One square aeration tank containing 4 aeration cells, aerated by surface aerators,

followed by two clarifiers.

Sludge Preparation

Primary and intermediate sludge is pumped to a PFT, which is a covered concrete tank
with a sludge capacity of 185m”. Secondary sludge is thickened in a sludge thickener in
the sludge treatment building. Both sludges are transferred to a blending tank, with
vertical axis agitator to blend the incoming sludge. The blending tank has a sludge
capacity of 35 m>.

Anaerobic Digester

There are two reactors constructed from concrete with a sludge capacity 800 m’/
reactor. Reactors are 10m in height, of which 4m is underground. The internal diameter
is 10m. The walls of the reactors are 400 mm thick and the roof is 200 mm thick.

Digesters are insulated with 100 mm of mineral wool.

The digesters operate in parallel. To date one digester is operating to full capacity with
the second operation to half capacity. Digesters are fed automati.cally every 2 hours for
30 min; the feed pumps are controlled by the PLC installed in the control panel. The
pumps cease operation if, for some reason, there is a low level in the blending tank or

high level in the digester — feeding pit.

Digester Feeding

Blended sludge is pumped forward for 30 min every 2 hrs to the digester. Each digester
has 1 duty and 1 standby pump; the pumps are progressive cavity type, with an average
flow rate range of 2.4 to 12m*/hr. On occasion, grease is added to the digester through

separate grease loading pumps. Sludge feed is mixed with the recirculated heated sludge
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in the feeding pit located at the top of the digester, and then conveyed by gravity to the

sludge mass.

Digester Heating

Digesters are heated by external heat exchangers. Sludge is taken from the bottom is
recirculated through the hot water heat exchanger and returned to the digester. The heat
exchangers are jacket pipe type, in which hot water is pumped counter current to the
sludge flow through a concentric pipe surrounding the sludge pipe. Horizontal
centrifugal pumps are used for recirculation of sludge from the digester to the heat
exchanger and back to the digester inlet pipe. The water is heated by 2 CHP units and /

or by dual fired boilers (2) operated on methane or propane gas.

Digester Mixing

Mixing is achieved by gas injection. Compressed biogas is injected through a series of 4
drop pipes, located on the roof, descending vertically to the bottom of the digester.
Large gas bubbles pass through the sludge mass, and mix the digesters contents. Biogas
is recirculated by rotary vane compressors. Prior to the gas entering the compressor, it
passes through a gravel filter to remove particulates and condensation. Each injection
pipe is fitted with a solenoid valve, for sequential distribution of gas in the pipes.

Mixing is performed 24 hrs/ d.

Gas Storage

Biogas is recovered from the dome at the top of the reactor. Some of the biogas is
diverted to storage and some is recycled for mixing.

As previously mentioned, biogas is passed through a gravel filter and from here to one
common gas storage tank serving both reactors. The gasholder is a concrete tank, 8 m in
diameter and 4m in height, with a monolithic constructed mild dome with vertical
guides. The total capacity of the tank is 200 m>, this is approx. 6 hours storage. The tank
has a floating cover with breathing safety valve. There is a flare stack located beside the
gasholder, which automatically flares gas when a high level is reached on the gas
holder.

Gas for use in the boilers is purified by gas scrubber to remove H,S gas. Element of the

gas scrubber include:
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- Washing tower
- Water storage and washing pump
- Sodium hydroxide storage tank and dosing pump

- Heating system in the sodium hydroxide storage pump.

Energy Generation

There are two CHP units on site one duty and one standby. Heat is also recovered from
the flue gas discharge and cooling water / oil system. An emergency cooling system has
been installed on the water pipe from the heat exchanger in case of the digester been

- heated above 35 °C.

Final Sludge Storage '

Digester effluent travels by gravity to a holding tank, the holding tank is the same
dimensions of the digesters, but is unheated and unmixed. Since gas is given off during
storage the tank is fitted with safety overpressure valve (with solenoid valve). Sludge is
gravity fed via telescopic valves form the storage tank to the dewatering building, where

it is dewatered by two double belt presses, and spread on land

Odour Control
Gas from the PFT and sludge-blending tank is diverted to a shell biofilter unit.

Analysis
On-line temperature probe, pH measured daily, all other analysis approx. 2- 3 times per

week

Results: Not available.
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544 SLUDGE TREATMENT PLANT OF OSBERSTOWN, C0. KILDARE.
History

Treatment Technology: Mesophilic Anaerobic Digestion

Year of Construction:
P.E.:

Feedstock character:

Volume/ day:
HRT:
Feeding system

Plant and Equipment

No. Of Digesters
Volume:

Heating system:
Hot water boilers:

CHP unit:

- Mixing system:
Final product storage:

Final sludge disposal / reuse

2001
80,000

Primary and Secondary sludge produced on site and
imported

131.2 m’ / digester approx

10 days approx.

Continuous

Two

1317 m® / digester

External heat exchanger

X 2, (Dual fired, operates on biogas and natural gas)

2 Dual fired (Natural gas and Biogas)

Gas injection

2 tanks (capacity 916 m* / tank)
Dewatered, by 2 belt presses, applied to non
agricultural land
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Osberstown Sludge Treatment Plant

Construction and Commissioﬁing: 1999- 2001

P.E: 80,000

The work was the first "design and build" operation conducted by a local authority in
Ireland.

Stage I: initial plant 1981

Stage II: upgrade to current level

Stage I11: upgrade to P.E 130,000 due to start 2004 (+ Sludge handling Hub center)

Primary Treatment
2 Primary settlement tanks (24 m x 5m depth), Volume 1,696 m>/ tank.

Secondary Treatment

There are four 40 m diameter circular basins, with fine air diffusion grids. Each basin,
during a normal flow cycle, operates for four hours, therefore repeating the cycle six
times a day. The process works on the "fill and draw" principle and is thus not a
continuous process. The four hour cycle consists of a two hour fill-aerate sequence,
followed by a fill-settle sequence and finally the decant phase. Thus, at any one time
each of the basins is in one of the above sequences. A dissolved oxygen probe, located

near the skimmer arms, monitors the D.O. in the basin continuously.

Sludge Treatment

The entire liquid and sludge treatment process is controlled by a SCADA system. MCC
3 and 4 are located in the Sludge Building. MCC3 controls the heat exchangers, CHP
units, boilers and digestion plant. MCC 4 controls the imported sludge, buffer tanks,

drum thickeners and sludge presses.

There are three sources of siudge: primary sludge, surplus activated sludge (SAS) and
imported sludge from outside treatment plants. The Primary, SAS and Imported Sludge
are pumped to two buffer tanks before being thickened by the Drum Thickeners.
Imported sludge is received from the smaller municipal treatment planté by tanker and
is screened before being pumped to the buffer tanks. In order to allow imported sludge
into the system the tanker details must be entered into the SCADA computer before it

will open the imported sludge screen valves. The mixed buffer sludge has a

96




Chapter 3. Results and Discussion

polyelectrolyte added to thicken it from approx.1% T.S. to 6% T.S. The thickened
sludge is then pumped to a digester feed holding tank. The thickened sludge is reduced

in solids content upon digestion from 6% T.S. to approx. 3% T.S.

Digesters
There are two digesters each with a capacity of 1,317 m*> Typically, the digesters are

operated at a HRT of 10 days. -

Digester Heating

Operating temp 34 °C approx. The feed sludge is heated, by passing the sludge through
a heat exchanger. The heat exchanger is a circular unit aﬁd contains two pipes, one for
the thickened sludge, and one for hot water. Either the Biogas/Oil burners or the
Combined Heat and Power (CHP) units heat the water to 70 °C. Returned sludge from
the digesters is also combined with the feed (thickened) sludge before passing through
the heat exchangers. The heated sludge is fed to the digesters at a controlled rate, of 55

m 3 / hour.

Digester Mixing

There are three gas-mixing compressors, two are on a duty basis the other as a common
standby. The gas is drawn off the top of the digester, compressed, reintroduced to the
top of the digester through a seven-way manifold, and passed down through seven
diffusers at the base of the tank. The excess biogas is drawn off and stored in the
gasholder. The gasholder helps maintain a constant system pressure ffom the irregular
gas production by the digesters. The gas in the holding tank is boosted by two gas
boosters before being used as a fuel in the CHP and boiler units. A number of safety
features are built into this system. On the digesters there are pressure and vacuum
release valves, which operate if too much pressure builds up in the digesters or if a
vacuum develops for some reason. Similarly, the gashol&er contains pressure and
vacuum release elements. The gasholder is connected to a flare stack, which ignites

excess methane not required by the boilers or CHP units.

Final Product Storage
The digested sludge exits to the two holding tanks each with a capacity of 916 m’,
giving a 20-day holding capacity. From the holding tanks the digested sludge is fed to 2
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dewatering presses, and is thickened to approx. 20% T.S. Pressure switches on the skips
detect when the skip is full and automatically the system switches from a full skip to an
empty one, ensuring a continuous process. The sludge is disposed of by land spreading
at present but within the next five years a sludge handling facility will be built on site to
further treat the dewatered sludge. No decision has been made to date as to what method
will be used. From the Kildare County Council Waste Management Plan 2000 some of

the options include lime stabilisation, pyrolysis or heat treatment with energy recovery
(Cronin, 2002).

Results of Analysis: Not Available
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SLUDGE TREATMENT PLANT OF NAVAN, CO, MEATH.

History

Treatment Technology:

Year of Construction:
PE.:

Feedstock character:

Volume/ day:
HRT:

Feeding system
Plant and Equipment

No. Of Digesters
Volume:

Heating system:

Hot water boilers:
CHP unit:

(Gas Holder

Mixing system:

Final product storage:

Final sludge disposal / reuse

Mesophilic Anaerobic Digestion
2001
40,000 (Stage I)

Primary and Secondary sludge produced on site and
imported sludge

35 m’ approx / digester.

20 day approx.

Continuous

Two

800 m? / reactor

External heat exchangers

X 2, (Dual fired, operates on biogas and propane)

1 methane
| bell over water system (capacity m’)

Gas injection

2 secondary digesters (stirred tanks capacity 760 m’
each)

Dewatered by 2 centrifuges to 18 - 25% T.S. and
lime treated, it is then spread on tillage land.
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Navan Sludge Treatment Plant

Year of Construction / commissioning: 2001 - 2002

Design parameters

CStagel o re St
- e - . e

. — 40,000 60,000
Flow L/S 104.17 156.25
DWF 2 3

BOD 2,400 KG/D 3,600 KG/D
SS 2,880 KG/D 4,320 KG/D

Primary Treatment
There are two primary clarifiers (Size: 22m diameter, capacity 1000m>)- sludge at 2%

T.S. is desludged automatically, at a rate of 107m? /d).

Secondary Treatment

Two aeration basins with 4 cells, each cell with a capacity of 1,800 m’. There are 2
secondary settlement tanks, diameter of each is 28 m, with a capacity of 800 m® / tank.
WAS is either pumped to the sludge reception chamber at a T.S. concentration of 0.5 —
1% or returned to the aeration basins. The RAS is dosed with ferric sulphate at a rate of
19-20/hr.

Primary Clarifiers

Settled sludge is pumped to sludge reception chamber system, before being pumped to 2
concrete picket fence thickener (size: 7m in diameter, 4.3 m deep with rotary floor
scrapers and full depth picket frame). Sludge is continuously pumped to PFT via

automatic desludging equipment.

Secondary Sludge

Secondary sludge is pumped to the sludge reception chamber, and it is then pumped to
the dewatering room where it is thickened by two rotary drum thickeners. The feed rate
to the thickener is 1 — 15 m*® / hr, therefore 170 — 200 m%/ d of sludge can be produced.
Polyelectrolyte Zetag 7898 is used to aid in dewatering at a rate of 180 — 340 L / hr.
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Imported Sludge

Imported sludge is received at the sludge reception chamber and, depending on its
consistency (i.e. Primary of secondary sludge), it is thickened as stated above. At
present, the Hub centre is only taking in liquid sludges, as the plant has no facilities on-
site to accept, or reconstitute dry sludge cakes (8 % T.S. and above). Dry sludge cake
produced in the County is currently being sent to a local composting farm where it is
treated by a windrow system, mixed with wood chips, sold and used for building up
road verges.

Sludge Treatment

There are two digester constructed above ground, construction form glass- coated steel
with concrete base. Each digester has a sludge volume of 800 m’. The reactors are
insulated externally, with twin skin glass reinforced plastic (g.r.p) and polyurethane
foam panels. Tank roof is fixed, using insulated g.r.p construction.

Digester Feeding

Thickened sludge pumped (by two feed pumps 2 duty and one standby) separately from
PFT and rotary drum thickener to the digester in small batches at varying times
throughout the day.

Digester Heating
Heating is achieved by a jacketed hot water external heat exchanger. Two ways of
heating water
(1) 2 Dual fired boiler, which can be run on propane or methane (used if CHP is not
in use)

(2) 1 CHP, uses methane to generate electricity

Mixing

Gas injection. 6 gas pipes located near the bottom of the digester, spread evenly around
the diameter of the tank. A gas compressor outside the digester, compressed the gas to
the 6 pipes. The quantity of gas entering the digester is controlled by pneumatic valves,
located on cach of the pipes at the entrance to the digester, Opening and closing of these
pneumatic valves is controlled by an air compressor stored in building located between

the two gasholders.
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Gas storage: Biogas is removed from the roof of the digester and flows to gasholder,

which is a bell over water system.

Energy Generation
The CHP unit has an output of 85 kW, cannot operate independent from the ESB .
supply. Power generated is fed back to the main control panel. It reduces the demand

from the ESB grid. A flare stack has been provided on site to burn off excess biogas.

Final Sludge Storage and Treatment N
Digested sludge spills from the digesters to the (2) secondary digesters. The tanks are
unheated, sealed units, with a stirrer for mixing gas released is diverted to gas collection

tanks. Each tank has a capacity of 760 m>.

The digested sludge, at 3% T.S. approx., is stored for 15 days in the secondary
digesters. It is then dewatered by 2 centrifuges, to 18 — 25% T.S. with the aid of
polyelectrolyte and receives further treatment by the lime stabilisation. Prior to lime
stabilisation the dewatered sludge is passed through another heat exchanger to heat the
sludge to 73 °C. The liming process further increased the T.S. of the sludge to approx.
40%. At present 70 tonnes of sludge is produced per year, however 15% of this weight
is composed of lime. The finished product siudge is then transported to a local tillage
farm, where it is stored on site and spread twice per year on tillage land. The estimated
cost of the lime process at Navan is € 120 / tonne. It has been proposed that the plant
will soon be accepting Alum sludge from water treatment plants in County Meath, this
sludge will be received to a separate reception chamber and will be fed into the

secondary digestion tanks, and treated and disposed of as per the digested sludge.
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Analysis: Three times per week.

Table 5.9 Navan Analysis Results (7/°02 — 9/02)

Results and Discussion

Digester 1, Digester 2,
Feedstock Digester Sludge Feedstock Digester Sludge
T.S. % 6.3 TS5 % 490 | T.S.% 595 | TS. % 21
V.S.% 63.38 | T.S. removal % 22% | V.S. % 68.66 | T.S. removal % 54%
COD mgAl 1,684 | V.S.% 53.9 | COD mg/ 4657 | V.S.% 51.60
pH 6.91 | V.S.removal % 34% | pH 572 | V.S. removal % 66%
Feedratem’ 19.32 | pH 7.63 | Feed rate m® 16.52 | pH 7.11
VFA mg/l acetic acid 273 VFA mg/l aceticacid  263.2
Alkalinity mg/| 5225 Alkalinity mg/ 2597
CaC03 CaCO;
COD mg/l 5665 COD mg/l 2,524
Biogas composition Biogas composition
CH,;% 63.5 CH, % 58.74
CO,% 35.3 C0O,% 38.81
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5.4.6 SLUDGE TREATMENT PLANT SUMMARY: RINGSEND, DUBLIN

History

Treatment Technologies:

Year of Construction:
PE.:

Feedstock character:
Volume/ day:
HRT:

Feeding system

Plant and Equipment:

Anaerobic Digester
No. Of Digesters
Volume:

Heating system:

Mixing
Gas collection system

Final product storage:

Final sludge disposal / reuse

Thermal Hydrolysis

Mesophilic Anaerobic Digestion

Thermal Drying

2002

Design 1.7 million, (capacity could be increased to
1.9 million, corresponding to population increase
over the next 20 years)

Hydrolysed primary and secondary sludge

849 m’ /d

15 days approx.

Continuously fed to the digester

Three

4,250 m® / reactor

No internal / external heat exchangers, temperature is
maintained at 35 °C, by continuous feed
administration at 40 °C from the hydrolysis stage, and
good insulation of the tanks

| Mechanically mixed draft tube/ tank

1 Double membrane gas bag (Capacity 5000m’)

Storage sump sludge is fed forward to Thermal
drying plant

Sludge is marketed as ‘Biofert’ soil conditioner and
fertiliser.
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Ringsend Sludge Treatment Plant (Dublin Bay Project)

The Dublin bay project is the largest wastewater treatment facility of its kind in Ireland
and, in some aspects, the most advanced plant in the world. The overall project involves
three elements; upgrading the existing wastewater treatment plant at Ringsend, building
a pumping station at Sutton and laying the submarine pipeline under the Bay to bring
wastewater from Sutton to Ringsend. The treatment plant will serve the Dublin area to
Dun Laoghaire, the west of Dublin and parts of Meath, and north Dublin including the

airport and Portmarnock region.

Plant p.e. is 1.7 million, 1.2 million from domestic and 0.5 million industrial. The
overall capacity of the plant could be increased to 1.9 million in accordance with

predicted population increases over the next 20 years.

Treatment Plant Upgrading

The majority of the upgrading work has been completed, however sections of the plant

are under going commissioning.

Preliminary Treatment
The influent is screened to remove fat, oils and grease (later added to the anacrobic
digester) and undergoes grit removal, to remove coarse particles, which may damage

equipment.

Primary Treatment

The raw wastewater is diverted to 12 primary ‘Lamella’ settlement tanks arranged in 2
banks of six tanks, each lamella tank is 40 x 12 x 5 M in size. The lamella tank design
was chosen due to space restrictions on site. Settled sludge at 3% T.S. is automatically
pumped by progressive cavity pump to two mixing tanks were it meets the secondary

sludge.

Secondary Treatment
Biological oxidation of the wastewater occurs in 24 sequential SBR fine bubble diffused

aeration tanks; the each tank is 52 x 39 x 7 m in size. Due to space restrictions the tanks
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are housed in a two — storey stacked structure. The final effluent passes through a UV
filter prior discharge to Dublin bay, while the settled secondary sludge at 0.8% T.5. is
automatically pumped via progressive cavity pump to two mixing tanks where it joins

up with the primary sludge.

Sludge Treatment

The Ringsend plant is state of the art in regard to sludge treatment facilities,
incorporating a number of technologies such as Thermal Hydrolysis, Anaerobic
Digestion, and Thermal Drying to produces a ‘Class A’ Biosolid which can be re-used
in agriculture.

Feed Preparation and Treatment

The primary and activated sludge collected in the 2 sludge mixing tanks is dewatered by
belt press with the aid of polyelectrolyte to 14% T.S. It is then subjected to batch
thermal hydrolysis in which the sludge is heated to 165 °C at 8 bar pressure for 30
minutes. Some dilution occurs during hydrolysis and the sludge now at 12 % T.S. It is
subsequently passed through a heat exchanger to cool the sludge to 40 °C, and fed
directly to the anaerobic digesters for further treatment (solids reduction and gas
production). For the hydrolysis to be economically viable, the process is largely
dependent on the gas produced from the anaerobic digestion process. The hydrolysis
building houses two dual fired boilers operated on natural gas and methane, 4 combined
heat and power (CHP) units each with an output of 1000 kW, and there are also two
heat exchangers which recover heat from the exhaust of the CHP units.

Just as the anaerobic digestion process contributes to hydrolysis, so too does hydrolysis
to anacrobic digestion, as the hydrolysis of the feed facilitates the application of a
higher feed solids to the reactors. The digesters are sequentially fed on a continuous
basis, at present the digesters are operated on a HRT of 15 days. Approximately 849
m/d is fed to the digesters by two sets of duty/ standby progressive cavity pumps, as the
digesters are fed, effluent removal occurs simultaneously by gravity through the hopper
and finally to a sludge sump. Typically, the feed is 12% T.S., which is almost unheard
of in anacrobic digestion processes for a number of reasons such as, the high organic
loading (double the feed typically fed to anaerobic digester) could contribute to volatile
fatty acid overload, theoretically.

106




Chapter 5. Results and Discussion

However, since the feed is maintained at this level, the digester would, in time
acclimatise to high loading without difficulty. Pumping and heating such dense sludge
would also pose a problem for typical unit operations. In this case, however, hydrolysis
complements the anaerobic digestion process in many ways; firstly pumping of the
sludge at 12% T.S. is not as problematic as one might have thought, as the studge enters
the digester at 40 °C and therefore the viscosity of the sludge is greatly reduced and
imitates that of a much thinner sludge. Pumping is achieved by progressive cavity
pump. Secondly the temperature of the feed sludge is adequate to ensure that the
digester does not require an additional heat source, which is an economic advantage of
pre - hydrolysing the feed. Furthermore, hydrolysis of the feed causes destruction of the
sludge floc releasing the biodegradable organics for utilisation in the digester. Not only
does the digester achieve volatile solids reduction of 56 percent (with a feed V.S. of
79% typically) but an additional advantage is that the quantity of biogas produced
correspondingly increases, it has been perceived that 60% of the energy required for the

entire plant is supplied by the anaerobic digesters.

Anaerobic Reactors

There are three reactors each with a working volume of 4250 m°®, constructed of
concrete, which is approximately 200 ‘mm in thickness. The vessels have a hopper
bottom located below ground. The reactors walls and roof are insulated with 150 mm of
rockwool, followed by an external GRP cladding, the insulation provided ensures that
the temperature within the reactor does not fall by more than 0.5 °C within 24 hr. Each
digester ts fitted with a spray head in the gas off -take to prevent foam entering the gas

system.

Digester Dimensions

Internal diameter 17.7m
Side wall depth 154 m
Hopper depth 55m
Hopper angle 35°
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Digester Heating

As previously mentioned, the digesters are not heated beyond that supplied by the
continuous application of digester feed at 40 °C, the reactor temperature is maintained
successfully at 37 °C by this method. There are three temperature probes located within
each digester to monitor the temperature, which is conveyed to a SCADA system.
However, should the temperature fall unexpectedly, unlike in most plants where the
boiler or CHP would automatically cut into increase the temperature, in this instance

temperature in the digester could only be altered, by feeding at a higher temperature.

Digester Mixing
The reactors were designed to facilitate adequate mixing throughout the tank, each

digester is mechanically mixed by draft tube, which operates on a continuous basis.

Gas Collection System

The expected gas production per day is 35,000 m’. Gas produced during the process is
taken from the roof of the digesters and piped to a common gasholder. The gasholder
provides buffer capacity for the CHP system, auxiliary steam boilers and new sludge
drying plant. The gas holder is a double membrane gas bag, in which the outer
membrane is constantly filled with cémpressed air and the inner membrane stores the
biogas, the outer membrane keeps constant pressure on the inner membrane, which semi
pressurises the system. The storage capacity is 5000m®. Gas enters and leaves the
gasholder via condensation traps, all gas lines fall towards the condensation traps. The
gasholder is self-contained with level monitors and pressure sensors. The system aims
to fully utilise all gas produced, but, in the event of excess gas production, there is a

flare stack is on site.

Flare Design
Flare type Natural draught concealed burner type
Maximum gas flow rate 1750 N m’/h
Chamber Diameter 2450 mm
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Digested Sludge Storage / Treatment

Digester effluent flows to a communal sludge sump, which is undersized, overflowing
on occasion. The sludge undergoes further treatment by means of thermal drying.

The digester effluent at approximately 6% T.S. is centrifuged with the aid of
polyelectrolyte to 14% T.S. Once dewatered it is then pumped to the Cambi thermal
dryer where it undergoes air drying at 450 °C approx. the final product specification is
for a granular soil like compound of 91 % D.S. approx., but during plant visits the final

product was cotton wool like in texture.

Table 5.10 Ringsend Analysis Results 20-3-03

Feedstock Digester Sludge
T.S. % 6 T.5. % 4
V.S % 83.3 T.S. removal % 33
pH 59 V.S.% 75
V.S. removal % 40
pH 7.9
Thermally dried :
T.S. % 92.5
VS. % 65
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5.4.7 SLUDGE TREATMENT PLANT SUMMARY: DROGHEDA, CO. LOUTH

History

Treatment Technology:

Year of Construction:
PE.:

Feedstock character:
Volume/ day:

HRT:

Feeding system

Plant and Equipment

No. Of Digesters
Volume:;

Heating system:
Hot water boilers:

CHP unit:
Gas Holder

Mixing system:
Final product storage:

Final sludge disposal / reuse

1] :
- ——

Mesophilic Anaerobic Digestion
2001
67,773

Primary and Secondary sludge produced on site.
120 m” approx
15 days approx.
Continuous

One

1800 m (second digester is proposed for the future)
External heat exchanger

X 1, (Dual fired, operates on biogas and natural gas)

1 Dual fired

| double skinned gas bag (570 m?)
Gas injection

3 tanks sealed with mixers

Dewatered, followed by lime treatment, applied to
non agricultural land
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Drogheda Sludge Treatment Plant

Inlet Works

The treatment plant serves a p.e. of 67,773, which includes flows from Bryanstown
pumping station, East Meath rising main, Newtown pumping station, scum pumping
stétion, supernatant pumping station and storm flow from storm tanks. The design DWF
of the inlet is 28,183 m / hour. Influent is screened through rotary belt screens with-a 5
mm mesh size, followed by grit removal by coarse bubble diffusers. Fats, oils, and
grease (FOG) accumulated during grit removal is transferred by means of grease
skimmers to a grease chamber. A set of positive displacement pumps transfers FOG to

the anaerobic digester.

Primary Treatment

Flow from the inlet is split between two primary settlement tanks. Primary settlement
removes 30% BOD and 60% S.S. Desludging of the primary settlement tanks is
controlled by means of actuated valves in the primary pumping station. The settled
sludge at approx 3% T.S. is pumped to the sealed primary picket fence thickener.

Secondary Treatment '

The flow is distributed equally over four aeration tanks, the tanks are plug flow systems,
configured for full nitrification and partial denitrification of the effluent, by means of
“incorporation of an anoxic zone. Each basin has an axial flow recirculation pump
between the anoxic and aerobic zone (separated by a baffle wall), for internal
recirculation of mixed liquor for denitrifcation. Air is supplied to the aerobic section of
the tank by fine bubble diffused aeration system. The mixed liquor enters the two
clarifiers at the central hopper, through an inlet pipe and the flow is discharged through
a submerged bellmouth, located just below the top water level. In order to avoid short-
circuiting, the flow is dispersed radially by a diffusion drum. The surplus activated
sludge, at 1% T.S. approx. is pumped by }hree pumps (two duty one standby) to the

activated sludge picket fence thickener, which is also a sealed unit.

Imported Sludge
Liquid imported sludge can be accepted at the plant. Typically, the imported sludge is

received at the sludge reception chamber, where it undergoes 5 mm screening for the
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removal of gross solids. The sludge is then. pumped forward to the primary picket fence

thickener

Feed Preparation

Once the respective sludges have been thickened, the sludge is pumped forward to a
blending tank and mixed prior entry to the digester. The tank is 9 m in diameter and 4.6
m high, the total volume of the tank is 289.6 m>, but the typical working volume is
165.5 m® . Mixing is achieved by means of a submersible mixer. The blended sludge at
this stage is approximately 4 % T.S. Ferric chloride is added to the digesters
recirculation line at a dose of 20 mg/l to reduce the quantity of hydrogen sulphide gas
produced, as H,S is extremely toxic and corrosive. The addition of ferric chloride
causes the formation of insoluble salts, which precipitates within the digester and exits
the tank in the outgoing effluent, therefore minimising the possibility of CHP and boiler
damage. Approximately 120 m’ is fed to the reactor on a continuous basis daily,

maintaining a HRT of 15 days within the reactor.

Anaerobic Digester
The digester is 14m diameter, 14.37 m high (11.7m of which is above ground)
constructed of glass fused to steel panels erected on a concrete base. The tank has an

external insulation layer. The working volume of the digester is 1800m”>,

Temperature of Operation

The digester is maintained at a temperature of 35 °C by means of Alfa Laval water to
sludge counterflow spiral heat exchangers, in which the feed sludge is heated and fed to
the reactor through the recirculation line. Hot water is supplied to the heat exchanger by
a dual fired hot water boiler (380 kW Beeston Broxley cast iron sectional boiler) which
operates on biogas or natural gas, and a CHP unit 499 kW which is also dual fired,
provides an estimated 162 kW of continuous electrical output and a heat output of up to
275 kW. The electrical power produced by the CHP unit is fed back to the main control
panel in the air blower building, where the generated power can be used in parallel with
the main incoming electrical supply. The system is designed to be self supporting,
except in extremely cold weather where the process can be supplemented with natural
gas. In such circumstances, the boiler is designed to operate in series with the CHP to

maintain the required output. As well as heating sludge for the digestion process,
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domestic heating for the main administration and sludge building is provided by the
CHP or Boiler. Excess heat generated in the system can be dumped by means of a

thermostatically controlled fan cooled radiator.

Mixing

Mixing of the system is by gas recirculation. Gas is taken from the head of the reactor
and recirculated at a rate of 440m> /hour through a vertical lance system, with 25
delivery tubes. The opening and closing of the gas valves is controlled by pneumatic
valves, the valve open five at a time to cause hectic mixing within the digester. Mixing
ié carried out by means of a 22 kW bush mink rotary claw blower. Two blowers are

provided to work on a duty and standby basis.

Gas Collection

Typically 79.8 m® of biogas is produced per hour, while the methane concentration is
not measured routinely, the CO; is normally 36% and H,S is 200 ppm, measured by
Dragger tubes. Gas storage is provided by means of a double membrane 570m’ gasbag.
The Sattler double membrane gasholder is constructed form three highly resistant, fabric
reinforced membranes mounted on a reinforced concrete base. A bottom membrane
inflates and deflates with gas production or demand. The exterior shell acts as a resilient
shell that enables a support blower to maintain constant pressure between the outer and
inner membrane. This constant pressure gives the working pressure of the gas system.
Flame arrestors and condensate traps are provided on gas lines as required. Flame
arrestors are provided where flame propagation is a potential problem. Condensation
traps are provided on low points of the gas lines assisting in protecting downstream
equipment from clogging, corrosion, or water hammer. A condensation trap is provided
immediately downstream of the digester to remove moisture from the gas as it cools
leaving the digester. Gas lines are laid at appropriate falls to accommodate adequate
condensate drainage. Over pressure is protected against by means of a vacuum —
pressure relief valve complete with a flame arrestor, mounted on the digester roof, anda

glycerol filled relief valve provided in the gas bag area.
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Flare Stack
A gas flare has been provided which consists of a flare tip complete with a windshield,
pilot igniter fitted inside the windshield, an automatic ignition system, and a control

panel to give automatic control and monitoring of the system.

Final Sludge Storage

Digester effluent overflows to the draw off weir simultaneously during feeding, and
flows by gravity to one three sludge holding tanks. Each tank has a capacity of 1924 m?,
and incorporates a mixer. The digester sludge is held in storage for 15 days, thus the
system is designed so that one tank is filling, one tank emptying and one tank is allowed
to stand for 15 days. The final sludge is considered by the plant manager as a ‘Class C’,
however; mesophilic anaerobic digestion achieves a Class B Biosolid in terms of
pathogen reduction, thus one can assume that the sludge contains high concentrations of
heavy metals. In order to obtain ‘Class B’ status the digester effluent is further treated
by dewatering followed by lime stabilisation (unheated) to a final TS concentration of
approximately 30.6%, the sludge is then applied to non-agricultural use land.

Table 5.11 Drogheda Analysis Results 11/°01 — 4/°03

Feedstock Digester Sludge

T.S.% 3.6 T.S. % 1.87
T.S. removal % - 48
pH 6.92
VFA mg/l acetic acid 52.68
Alkalinity mg/1 4,372
CaCos .
Biogas vol. m>/d 773.54
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5.4.8 SLUDGE TREATMENT PLANT SUMMARY: DUNDALK, Co. LOUTH

History

Treatment Technology:
Year of Construction:
PE:

Feedstock character:
Volume/ day:

HRT:

Feeding system

Plant and Equipment

No. Of Digesters
Volume:

Heating system:
Hot water boilers:

CHP unit:
Gas Holder

Mixing system:
Final product storage:
Final sludge disposal / reuse

il i lmlllnjll

Mesophilic Anaerobic Digestion
2001 - 2002
180,000 (Current 110,000 2/3 from industry)

Secondary sludge produced on site
110 m’/ digester approx

20 days approx.

Continuous

Two

2200 m’ / digester

External heat exchangers

X 2, (Dual fired, operates on biogas and natural gas)

1 Dual fired
1 Double membrane gas bag (capacity 17202 m3)

Gas injection

4 tanks (submerged mixers in each tank)
Dewatered, by 2 belt presses to 20 % T.S.. and
disposed to landfill.
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Dundalk Sludge Treatment Plant

The plant consists of a two —stage system of biological oxidation. The incoming flow is
split into three and passes through fine screens and a grit trap prior aeration. There are
three primary aeration basins 18600 mm x 22500 mm x 5000 mm deep, each basin has a
single aeration lane (5800 mm wide x 22500 mm long). Aeration is achieved by fine
bubble diffused aeration. Following primary aeration, 50% of the organic load has been
removed. The Mixed liquor is fed forward to two primary clarifiers 30000 mm in
diameter side wall 15000 mm and 3732 mm deep, where the mixed liquor is allowed to
settle (producing a sludge). The supernatant flows to three secondary diffused aeration
basins 50000 mm x 22740 mm x 5000 mm deep, each with a single aeration lane of
7180 mm in width x 22740 mm in length, for further oxidation. The mixed liquor is
again fed forward to two clarifiers for sedimentation, and the final effluent is discharged

to the bay.

Feed Preparation

Settled solids from the primary clarifiers and .the secondary clarifiers are pumped
forward to the correspondingly named picket fence thickeners, through an actuator
chamber, which essentially allows the operator to decide which thickener is to be used.
The picket fence thickeners are sealed tanks constructed from glass lined steel panels on
a reinforced concrete base. The tanks are circular, with a hopper bottom; A larger
volume of sludge is produced from primary aeration stage as the picket fence thickener

in this case is larger in size, as can be seen from the following:

Primary aeration PFT

Secondary aeration PFT

Internal diameter

21340 mm

16220 mm

Side wall depth

3518 mm

3668 mm

Overall depth

4898 mm

4675 mm
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The sludge is thickened to approximately 4% T.S. by PFT, from the respective PFT the
sludge s fed directly to the digesters without prior blending. The sludge is heated,
dosed with ferric chloride to reduce H,S concentration in the gas and administered to
the digester on a continuous bases at a rate of approximately 180 m’/d, which facilitates
a HRT of 20 days. The plant, as a designated hub centre for Co. Louth, will accept
imported sludge in the future, but, at present, there is no reception facility on site for

such sludges.

Digesters

There are two digesters.on site, but at present just one is in operation. The digesters are
constructed from glass lined steel panels on a reinforced concrete base, and insulated
with 100 mm of polyurethane foam and an outer cladding. The working volume of each
digester is 2200 m® approx. The digester lid is fitted with a pressure release valve in

case of emergency.

Digester dimensions

Circular hopper bottom 45 ? slope
Internal diameter 18770 mm
Side wall depth 15130 mm
Overall depth 19400 mm
Digester Heating

The digester is maintained at the mesophilic temperature of 35 °C, by an external heat
exchange system. There are two (one per digester) sludge. to water spiral heat
exchangers, capable of heating up to 70 m>/ hr. Typically, the sludge entering the heat
exchanger is composed of sludge recirculated from the digester and injected feed
Sludge, thus the incoming temperature is 30 — 35 °C, the sludge on exit from the heat
exchanger ranges in temperature from 35. 9 — 40.9 °C that successfully maintains the
internal digester temperature at 35 °C. There are two water-to-water heat exchangers,
the incoming temperature of the water being 80 °C ‘and- the outgoing temperature
65.8°C.
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Hot water required for operation of the heat exchangers is derived from two dual fired
boilers each supplying 275 kW; the boilers can be run on methane or natural gas. There
is one CHP unit, 300 kW, which converts methane gas to electricity, the electricity

produced is fed back to the main control pane! of the plant.

The digesters have also been supplied with an emergency cooling system, consisting of
two water-to-water heat exchangers, which will automatically ditch heat should the

digester temperature rise above 39 °C in the summer months.

Mixing

Mixing of the system is by gas recirculation. Gas is taken from the head of the reactor
and recirculated through a vertical lance system, with 25 delivery tubes. The opening
and closing of the gas valves is controlled by pneumatic valves, the valve open

randomly, five at a time, within the digester.

Biogas Collection

Biogas produced during the process exits through the lid of the digesters and flows to a
communal double membrane gasbag, the volume of the gasbag is 17020 m>. The double
membrane gasholder is constructed form three highly resistant, fabric reinforced
membranes mounted on a reinforced concrete base. A bottom membrane inflates and
deflates with gas production or demand. The exterior shell acts as a resilient shell that
enables a support blower to maintain constant pressure between the outer and inner
membrane. This constant pressure gives the working pressure of the gas system.
Condensate traps are provided on all gas lines. The volume of gas produced is not
measured, and the gas is not analysed for methane content beyond a flame test

conducted daily

Flare Stack

A gas flare has been provided on site to burn off excess biogas safely.
Final Sludge Storage

Digester effluent overflows to the draw off weir simultaneously during feeding, and

flows by gravity to one four sludge holding tanks complete with submersible mixers, of
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the following dimensions:

Diameter 18.72 m
Slope of tank bottom 8°
Height straight side 42 m
Height pitcher roof 1.65m
Depth of hopper bottom 1.32m
Concrete stand 0.15m
Overall height above ground | 6.07 m

The final sludge is dewatered to 20 % by belt press and disposed of to landfil.

Table 5.12 Dundalk Analysis Results 9702 — 3/°03

Feedstock Digester Sludge

T.S. % 3.88 pH : 7.44

V.S. % 69.36 VFA mg/l acetic acid 67.59

V.S. % 69.36 T.S. % 2.59
V.S. % 57.09
T. S. removal % 33
V.S. removal % 40
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5.4.9 SLUDGE TREATMENT PLANT SUMMARY: TRALEE, C0. KERRY

History

Treatment Technology:
Year of Construction:
P.E.:

Feedstock character:

Volume/ day:
HRT:
Feeding system

Plant and Equipment

No. Of Digesters
Volume:

Heating system:
Hot water boilers:

CHP unit:
Gas Holder

Mixing system:
Final product storage:
Final sludge disposal / reuse

Mesophilic Anaerobic Digestion
1998
Design 42,000, actual 32,000

Designated Hub Centre, but at present treating
primary and secondary sludge produced on site only.
23 m’ approx

20 days approx.

Continuous

Two (one commissioned and in use)
400 m* / digester

External heat exchanger

X 2, (Dual fired Methane and propane)

1 gas engines
2 Bell over water system, 25 m’

Gas injection

2 Open top storage tank

Centrifuged to 22% T.S. approx., and land spread
typically
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Tralee Anaerobic digester

Tralee is a costal town with a population of 25,000 approx. and increasing. The town,
like Killarney is a popular tourist location. Up until 1998 there was no sewage treatment

provided and wastewater was discharged directly to the sea.

Design of Anaerobic digestion Plant

The sludge Hub centre was designed for a p.e. of 42,000. The system consists of two
anaerobic digesters each with a capacity of 400m’. To date only one digester has been
commissioned. The reactors are cylindrical vessels, 8.54 m diameter and 8 m in height,
of which 4 m is underground, the above ground section is constructed of glass lined
section steel, while the underground sub-structure is constructed of concrete. The walls
and roof of the reactors are insulated with 50 mm polyurethane foam, and rigid GRP
encapsulates the reactors to prevent external corrosion. The decision to submerge half of
the reactors volume underground was not only to mitigate the visual impact of the plant

on the environment but also for the purpose of further insulation.

Digester Heating

Plate:5.1 Heat exchanger unit Plate:5.2 Gas boilers Plate:5.3 CHP unit

The reactors are maintained at the mesophilic temperature of 35 °C approx. Heating is
achieved by means of external heat exchangers ‘Concentric — Tube hot water heat
exchangers’. The sludge is pumped by sludge recycle pump from the reactor through the
heat exchanger, this system would therefore also aid in mixing of the digester. The hot

water used in the heat exchanger can be obtained from the boiler or CHP unit. Biogas is
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taken from the gas-holder and compressed by two rotary vane compressors and is used
to fuel the CHP unit (Combined heat and power) which heats the water. However. if
biogas production is insufficient the dual fired boilers are operated on propane gas to
heat the water. Typically, both systems operate in sequence as the dual fired boiler
automatically comes into operation when biogas quantity is insufficient. Temperature
probes within the reactors control the digesters heating, through the SCADA computer

based monitoring system.

Figure 5.8 Tralee Anaerobic Digester Temperature of Operation
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Digester Mixing

The sludge digestion tanks are mixed using compressed biogas. A distribution pipe
enters at the top of the digester and drops to the bottom of the tank, where the
compressed biogas is evenly distributed through a series of six separate unconfined gas

mixing pipes situated around the circumference of the digester.
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Biogas Collection

Biogas generated during the process leaves the digester through the roof under its own
pressure, and is diverted to a gas holding tank. There are separate gas holding tanks for
each of the digesters, each with a 25m’ capacity. The gas holders are the typical bell-
over-water design equipped with breathing safety valves and level switches which are
connected to a flare stack, to burn off excess biogas if the tank is full. Each holder has
three condensate pots, one coming from the digester to the gas holder, one before
entering the boiler, and finally one for gas leaving the gas holder before entering the

other gas holder (in case of emergency).

Biogas Measurement

The biogas quality is measured daily by LMSX multi gas analyser, the quantity
however is not measured on a regular basis, but the theoretical biogas yield for the
system is estimated to be 622m"/d.

Figure 5.9 Tralee Anaercbic Digester Biogas Composition
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Feed Preparation

The anaerobic digester at present treats sludge produced on site only. The feedstock is a
mixed substrate, which includes sludge from two primary settlement tanks and
secondary sludge from 2 trickling filters and 3 diffused aeration tanks. Following
settlement, both sludges are pumped to an open top picket fence thickener with 300m’
capacity where they are gravity thickened to 4-6% T.S. Typical feedstock composition

is illustrated in figure 5.9.
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Figure 5.10 Anaerobic Digester Tralee Feedstock Composition
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Feed / Effluent Withdrawal Regime

The designed flow through of the digester ranges from 26.6 m’ /day (HRT 15 D with 1
reactor in operation) to 54 m’ / day (HRT 14.8 D with 2 reactors in operation).
However, anaerobic digesters can safely operate at HRT of 12 D and therefore up to
66.6m3 /D could be applied. The digesters are operated as single stage CSTR. Sludge is
fed to the digesters on a time-controlled basis. The feed lines are equipped with flow
measurement. Feed enters the digester in the recirculation line after the heat exchanger;
therefore cold sludge combines with the heated sludge before entering the digester.
Digested effluent is displaced by the incoming sludge and flows by gravity to the
storage tanks where it is stored for a minimum of 14 Days prior to dewatering.

The average tonnage of dry solids produced in Tralee averages at 329.34 tds. Figure
5.10, and 5.11 conveys influent and effluent quality and percentage removal for the

plant at Tralee.

Figure 5§.11 Tralee T.5. Influent, Effluent Over Time & % Removal
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Figure 5.12 Tralee V.S. Influent, Effluent Over Time & % Removal
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Figure 5.13 Tralee pH Influent, Effluent Over Time
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Dewatering and Disposal

Digested sludge is pumped from the storage tank to the dewatering room. The effluent
is dewatered by one of two centrifuges operating in alternation. The sludge is dewatered
to 22% TS with the aid of polyelectrolyte Zetag 64 and is conveyed to a covered skip,

where it awaits transportation for reuse on agricultural land.
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Cost of Treatment

Capitall cost (estimate) €3,868,166
Operational Costs:

ESB usage 384 kW/d €16,044 / annum
Propane gas €10,400 / annum
Dewatering of final product sludge € 20,500 / annum
Transport to agricultural land €22,500 / annum
Total Cost of Treatment €69,544 / annum
Cost of Treatment per Tonne Dry Solids | €211.16
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5.4.10 SLUDGE TREATMENT PLANT SUMMARY: KILLARNEY, CO. KERRY

History

Treatment Technology: Autothermal Thermophilic Aerobic Digestion

Year of Construction: 2001

P.E.: Design 42,000 actual 18,000 fluctuates

Feedstock character: Secondary sludge produced on site/ Imported sludge.

Volume/ day: 23 m’ approx

HRT: 9.1 days approx.

Feeding system Batch fed once per day

Plant and Equipment

No. Of Digesters Four

Volume: 110 m’ / tank -

Heating system: None, system is autothermal maintaining a
temperature of 55 °C approx.

Aeration Each tank has 2 spiral aerators and 1 circulatory
aerator

Mixing Facilitated by aerators

Odour control Bord na Mona ‘Monoshell” biofilter system

Final product storage: 4 sealed tanks supplied with mixers

Final sludge disposal /reuse  Liquid sludge is spread on land
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Plant Description

The ATAD plant consists of four reactors in order to treat varying quantities of sludge,
an important consideration considering Killarney town experiences population peaks
during the summer mbnths, due to a thriving tourism trade. The Hub centre facilitates

the treatment of imported sludge from other treatment plants in Co. Kerry.

The design p.e. of the plant is 42,000 and flow through of the ATAD system ranges
from 12m3/d (with 1 reactor in operation) to 64.7 m*/d ( with all 4 reactors in

operation).

ATAD Design Criteria
The ATAD reactors were designed by FUCHS GmbH, Germany.

Descriptive data
1. Design capacity: Up to 42,000 p.e.
Sludge flow rate: 6.2-64.7m"°/d.
Solids content: 6%
Volatile solids content: 70 % of TS (minimum)

2. Reactor Description

Hydraulic retention time : 7 - 10 days Currently 9.1 days
Number of reactors: 4

Dimensions
'Diameter: 6.83 m

Sludge Depth: 3.00 m

Working volume: 110 m

Wall height: 4.00 m

Freeboard: 1.00 m (measured at reactor wall)
Insulation

Walls: 100mm PTFE insulation
Roof: 100mm PTFE insulation
Floor: 100mm PTFE insulation

3. Mechanical equipment
4 spiral aerators abbr: SA, type WBL-V (Reactors 1 A and 1B)
4 spiral aerators abbr: SA, type WBL-IV (Reactors 2 A and 2B)
4 circulatory aerators abbr:CA, type UBL-IV
16 foam controllers abbr: FC, type SSc/0
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Aeration and Mixing

Aeration is continuous. Reactors have been fitted with two spiral aerators, side mounted
opposite each other, on the wall of the reactor. The spiral aerators are composed of an
air —cooled a.c motor, a hollow shaft running on bearings in the motor, immersed at an
angle into the sludge. The propeller generates an angular flow to the bottom of the tank
and in conjunction air is sucked through the hollow shaft, producing fine bubbles and
intensive turbulence. Since reactor 1 A and reactor 1 B are the primary reactors(in the
two-stage train of operation), the spiral aerators are larger at 5.5 kW each, as these
reactors receive the feed sludge which is highly concentrated, exerting a higher oxygen

demand. In reactors 2 A and 2 B the spiral aerators are 4 kW each.

In addition, mixing and aeration is enhanced by circulation aeration. A circulation
aerator is centrally mounted to the lid of each reactor. Each of the circulation aerators
are of equal size 4 kW, and consists of an air cooled vertically mounted stirrer motor, an
air pipe co-axial to the drive shaft, an impeller with radial vanes and an immersed end,
as well as directional flow device. The impeller sucks the sludge to be aerated from
underneath and sucks the air réquired for aeration through a pipe from above, which
combines with the studge, distributing it radially on all sides along the flow directional

device, outward creating fine bubble diffusion.

Foam Control

Foam control is of critical importance in the operation of an ATAD plant, as excessive
foam can lead to loss of solids from a reactor, if uncontrolled. Each reactor has been
fitted with four mechanical foam cutters. Supplied by Fuchs, the foam control system
consists of an in-house horizontally mounted a.c. motor (0.75 kW) and a stainless steel
blade (four sickled) which is connected to the drive shaft of the motor. The level of the
foam layer is measured by a pressure sensitive depth gauge, once the foam layer reaches
0.4 m approx. the foam cutters automatically starts and the blades rotate rapidly, cutting
through the foam, physically breaking it up.

Temperature of Operation
The reactors are operated in the thermophilic temperature range. The digesters have not
been fitted with internal or external heat exchangers. Heating of the system relies totally

on the generation of heat from the metabolism of organic solids, and is therefore
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‘Autothermal’. The design temperature of operation is 55 “C. However, depending on
the operating sequence, the temperature in the primary reactors tends to be lower
(mesophilic to thermotolerant temperature range) than that of the subsequent reactors,
due to the introduction of large quantities of cold feed (as can be seen from figure 5.12).
Each reactor has been fitted with two temperature probes. Temperature is monitored and
controlled by a SCADA system. Since the process becomes self-limiting at excessive
temperatures (70 °C), a cooling water system comes into operation when the
temperature goes above an upper set limit of 60 °C. When the reactors have cooled
down to 55 "C the cooling water is turned off. There is no system in place however, to
heat the digesters should they fall below 55 °C, in this instance the operating
temperature could only be controlled by alteration of Volatile Solids concentration of
the feedstock.

Figure 5.14: ATAD Plant Killarney Reactor Temperature
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—4+—R1A —8—R2A ——R 1B —8—R 2B

Piping

The digester piping arrangement provides highly flexible operation. It is possible to
operate one, two, three, or four reactors. A feed cycle can run automatically or
manually, controlled by a SCADA system. The feeding sequence is carried out on a
discontinuous (batch) mode once / day. There are seven modes in which the system can
be run on depending on the volume of sludge available for digestion, which are as

follows:
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Mode Mode of operation Reactors Max. Flow

1 Single stage 2A 12 m3/d

2 Single stage 2B 12m3/d

3 Two stage 1A &2A | 24 m3/d

4 Two stage 1B&2B 24 m3/d

5 Three stage IB,2B&2A 36 m3/d

6 Three stage 1A,2A&2B 36 m3/d

7 Running in parallel lA&2A, 64.7 m3/d (HRT 6.2

I1B&2B days)

Feed Preparation

Plate: 5.5 TAD Feed Tank Plate: 5.6  Huber Rotamat screen
— 7

Locally (on-site) Produced Sludge

Feed solids content is critical in the operation of a TAD system. Typically the feed T.S.
is maintained at 6%. To date, the ATAD facility has not received imported sludge on a
regular basis, and operates on sludge generated on-site from the wastewater treatment
plant, consisting of two oxidation ditches built 1974 p.e. 9,000 / tank; 3 aeration basins
built 1984 p.e. 12,000 in total, and 8 diffused aeration tanks, built 1997, p.e. 12,000, in
total. The waste sludge is pumped to two picket fence thickeners (160 m? / PFT) and
preliminarily thickened to 3 % T.S. After a short retention time of approx. 3 hours the
sludge is pumped to a sludge sump and from here directly to the belt press, with
automatic polyelectrolyte dosing system, a wash water system and air extraction system.
The sludge is thickened to 6%T.S. with fhe aid of Zetag 67 polyelectrolyte, and is then
directed to the TAD feed storage tanks, which precede the ATAD reactors. There are

135




Chapter 5 Results and Discussion

two feed tanks each with a working volume of 33 m’, each tank has a mixer, a level
sensor and are also equipped with an air extraction system. A problem came to light
with the feed tanks, as the mixers are unsuccessful in adequately mixing the feed. This
resulted in stratification of solids, which lead to irregularities in the feed consistency,
i.e. on alternating days feed may be highly concentrated or very low in solids. It is
thought that nitrification during the wastewater treatment process was also a causative
agent in this case (as the nitrogen gas may have caused floatation of solids). To mitigate
further occurrence of this problem the retention time in the picket fence thickener is
now controlled at 3 hrs, and the level of the submerged mixer is manually alternated
between high and low levels in the TAD feed tank on a daily basis, to aid in mixing.

Figure 5.15 ATAD Killarmey Feedstock Composition

°385883
% V.8,
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Imported Sludge Preparation

Imported sludge usually arrives at the hub centre in a pre-thickened state, and is
therefore above 6% T.S. In this instance, the imported sludge must be diluted, The
sludge is off-loaded in the imported sludge reception area, and is pumped to a dilution
tank, which is a concrete structure with a mixer, level sensor, sludge diversion pipe and
air extraction system. Dilution water is added proportional to the volume required to
dilute the sludge feed to 6% T.S., the mixer starts automatically or manually and is
controlled by the level sensor within the tank. The unscreened sludge is discharged to
the screening area through the sludge diversion pipe. The system consists of a Huber
Rotamat screen with wash water and level sensors. The screen removes particles 5 mm
in diameter from the sludge. The sludge then flows by gravity to the imported sludge
sump, which is located below the ground. The concrete tank has 2 submersible pumps
(I duty and 1 stand-by) and a level sensor. The sludge is then pumped to the imported
sludge storage tank, which has a working volume of 33 m’, It is a closed tank. with
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access ladder, a level sensor and 2 feed forward pumps (1 duty and 1 stand-by), a mixer
and air extraction system. The tank can receive sludge not only from the imported

sludge sump but also from directly from the belt press.

Feed and Effluent Discharge

Feeding of the reactor occurs once per day in either automatic or manual mode.
Typically, the system is operated automatically and relies on pressurised level sensors
within the reactors as the main relay for the process. Taking the simplest mode of
operation as an example R 2 *A’ single stage process (Mode 1). At a predetermined time
each day, all 3 aerators in the reactor stop, the outlet valve will open, one of the product
feed forward pumps (1 or 2) will pump the desired quantity of digested sludge to the
selected sludge storage tank, (there are four product storage tanks, 370 m® each, made of
carbon steel, each of which is provided with a mixer, level sensor and air extraction
system). The outlet valve will close, and one of the four ATAD batch feed pumps will
come on and fill the reactor to 100% level. The aerators re-commence operation. During

feed withdrawal and administration there is a down time of 1 hour.

Final Sludge Quality
The average tonnage of dry solids produced year in Killarney averages at 546.62 tds.
Figure: 5.14 and 5.15 illustrates typical influent and effluent characteristics and the

percentage removal.

Figure 5.16 T.5. Influent, Effluent Over Time & % T.S. Reduction
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Figure 5.17 V.S, Influent, Effluent Over Time & % V.5. Reduction
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Odor Control

Plate: 5.7 Ammonia Scrubber Plate: 5.8 Monoshell Unit

There are 2 “Monoshell” biofilters on site, supplied by Bord na Mona. The first extracts
and treats 3300 m’ of air / hour at 1200 pa, from the ATAD reactors and product sludge
storage tanks. The second extracts and treats 3800 m’ of air / hour from the belt
thickener, sludge pressroom, dilution tank, imported sludge storage tank and TAD feed
tanks.

Each biofilter contains 33 m® of inoculated media. Mytilus Edulis or Mussel shells,

packed on a support of recycled plastic pallets, each unit has two centrifugal fans (1
duty and 1 stand-by) which extracts air through the biofilter and out through a stack to
the atmosphere. The filter media effectively neutralises sulphuric acid which is a by-

product produced during the biological oxidation of hydrogen sulphide.
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Cost of Treatment

Capital cost (estimate)

€3,555,300
Operational Costs:
Thickening of Feed Sludge €12,808 / annum
ESB usage 1162.12 kW/d €46,877 / annum
Transport to agricultural land €45,000 / annum
Total Cost of Treatment €103,957 / annum
Cost of Treatment per Tonne Dry Solids | €190.18

139




SXIOM L011onJIsuod peos woiy abpnis ui yussaid yig ,

19'8 25982 90'6S 049 LS'EL 00’9 96°v2
006 oorie £L29 0L'S lE'L8 926G J0L6 L1'E2
006 05612 2£85 SL'G-20¢ S’ SLyl 969-8.G] #£9 |OLB 4072
£0'6 G2l92 2109 ESP-6EY £6'S 68'¢ £L°9-11'9] 829 |0l LCEC
£6'8 00462 9295 B88G-0v 019 rees £6'G-G.'G] €89 |0L6 €8¢
858 G/£82 ECer LEL-6C 0t'9 8L 98'6-G16] 965G [0l ¥8'9¢2
0.8 96GEe cE'ls 88-16¢ 8t'9 16'LL v8'G-€2G[ ¥9S |0L6 Sv¥'i2
£8'8 00.0€ cL 98 cL'9-ESY GZ'9 9e'G. ¢L'9-6'S| 009 |06 19'Le
£0'6 05£82 go€es ¥r'9-86¢ €9 18°€L 609-8E'G| 06S |0L6 9162
86'8 £89.T pCES G9'/L- /8¢ 02’9 92'¢. 8E0-9v't] 96'S [OL6 T4
¢8'8 0088¢ £12°59 ZSv-£8¢ 68'G £6'¢L ¢C9-6L'G] 609 |0L6 8S'¥¢
¥6'8 0845¢ 9809 EEP-LLY ¢LS oLel 80'9-¢8'G] S6G |0OL6 iy'se
90'6 00.i¥C [ IX44 69°L-6EV 68'G 9E'L9 Z8-96'G6l 91L |0L6 86'G2«
€06 TR LA 65 °Gr 9L'8-2Ltv S0'9 298 8¢0L-86'9) 68 [0l6 8'¥C
0g'e 00492 ¥rGo 9L'v-$6'€ 86'S €612 ZL'9-/6'G[ ZE9 |OL6 2e'se
£8'8 52142 BEES E¥-GC¥ 62’9 €61 £29-68'G6] 665 |06 85'6¢
ye'8 00+82 cr9g r0'S-96¢ 0i'9 SP'SL 629-69¢6| 865 |ols 8E've
'8 g6lee £199 16G-6v €19 8ev. 8€'9-82%| 9r9 |oL6 £0€T
ov's £€£66¢ LO0F9 6¥-G¥ 499 66°€L 86'9-82¢] 29 |0L6 0L%2
€L/ 09.0¢€ Lb'6S 86-90F 8.9 19l L8/-89'L] 96'S [OL6 (A% {4
628 ObtPe 888k ¥8-vr'é 8k'9 080 GL-98S| r9 l0L'6 L¥'92
8. 0sevt 2029 ¢8-609 82’9 €8¢ L¥y'9-29'G 0L'9 |0L6 89's¢
[44:] JAL) L4 G/8S 6EF-EGC L0'9 09¢.L PP9-€9G[ 609 |0L6 08'cd
908 00§42 #0009 ¥0'9-6'¢C 68's 99'¢€. 929-/v'G| €65 |0L6 98'0¢
28'8 00€Le £LE9 LSy -2S) S.'S ¥6'cs 86°'L-29'G] 199 |OL6 - 0822
268 %.mm LIV -89¢F wu S SELL __£89-66¢ w_‘ 9 _[0l6 8.°C¢
i 'S'AL:| 8bueY 'STIL: o 4% [“SiA % L obuRy S L[ ASRepYiLUH; - pj 'ejeL POS IR
wmwz_w ._oummm_n_ . su3jawesed _aco_um._oao u:m uonisodwod }20)spaay

sisfleuy Jo s)nsay AauiBiy AVLY kLG BlgeL

140




Chapter 5. . Results and Discussion

3.5 A COMPARISON OF MESOPHILIC ANAEROBIC DIGESTION IN TRALEE AND

AUTOTHERMAL THERMOPHILIC AEROBIC DIGESTION IN KILLARNEY.

Solids Destruction

Solids destruction in sludge digestion is important for a number of reasons. Firstly,
siudge is composed of highly putrescible matter, which, if untreated would putrefy and
decompose, posing a threat to the environment and human health. Secondly, the extent
of solids destruction is of economic importance in terms of the quantity of studge for

disposal (cost of transportation etc).

The total solids reduction achievable by anaerobic means, in theory ranges from 25 —
30% (Quasim, 1999). In practice, the anaerobic digester in Tralee exceeds this level,
with 31% T.S. removal. In terms of V.S. removal, the anaerobic digester achieves
44.8%, which is at the lower end of the predicted V.S. removal range of 40 — 60%
(Quasim, 1999),

The ATAD in Killarney removes an average of 21.2% T.S., which is significantly less
than that achieved in Tralee. This is primarily due to the rate of biomass synthesis
within the aerobic reactor, which can be from 5 — 20% greater than that of anaerobic
processes (Speece, 1996). In relation to V.S. removal, the ATAD in Killarney achieves
36.6% removal on average, this is typical of examples cited in literature of ATAD
systems treating waste activated sludge, which ranges from 25 — 40% removal,

depending on the biodegradability of the feedstock (Stentiford, 2001).

Process Stability

Control of digester pH can be problematic in anaerobic digesters, particularly during
time of process instability. The synergistic microbial consortia present within an
anaerobic digester have an optimum pH in the range of 6.8 — 7.2 (W.P.C.F, 1987).
Above or below this pH and digestion is severely curtailed. pH within the digester is
dependant on VFA production and can not be considered in isolation, as during periods
of instability, caused by organic overload for instance, VFA’s may accumulate within

the digester. This is because the acidogenic and acetogenic organisms have a faster rate
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of biomass generation (p max approx. 1 hr) in comparison to the methanogenic
population (u max approx. 0.04 hr) (Bitton, 1994), and these organisms will thrive on
the excess feed source producing volatile acids quicker than the methanogens can utilise

them.

In Tralee, while the pH of the feed sludge is slightly acidic in nature (typically 5.9), the _
digester manages to maintain a neutral pH of 6.95, on average, due to metabolism -
generated alkalinity from the digestion of proteins, nitrogenous compounds and the salts
of weak acids (acetic, propionic, and H,S) (Speece, 1996; Sayer, 1999). As pH is
affected by the production of VFA, when the VFA concentration increases significantly
in Tralee, sodium bicarbonate is added to the reactor. This is a precautionary measure,
as the alkalinity of anaerobic digesters typically falls with in a range of 2000 — 6000
mg/l as CaCOs, which is sufficient to buffer the effects of a decrease in pH (Dohanyos
and Zabranska, 2001). The alkalinity of the anaerobic digester in Tralee falls within this
range at 4889 mg/l CaCO; on average.

Overall, the anaerobic digester in Tralee appears to be relatively stable, regardless of
variations in organic loading. While the feed solids concentration fed to the digester
averages at 4.68% T.S. (s.d. of 0.71%), the quantity (load) fed to the reactors varies
greatly from (day to day &) month to month, as can be seen from table, (5.13 A and ©),
which in turn effects the extent of VFA production within the digester. Typically, the
VFA concentration averages at 278 mg/l, as acetic acid but varies greatly. The overall
stability of the digester is not severely restricted by VFA production, as the quality of
biogas remains consistent (61.48% CH, and 39% CO, on average). It has been noted
however, that during periods of VFA accumulation, that feeding of the digester cease.s,
(to allow utilisation of the VFA present), and once the digester has stabilised feeding re-
commences at even greater volume to treat the back log of sludge awaiting treatment.
This action remedies the problem in the short — term but results in a never-ending loop
of VFA accumulation. Therefore maintaining consistency of the feedstock is of vital
importance, this is difficult to achieve with a picket fence thickener however. It would
be beneficial to the plant to install a sealed feed storage tank with mixer to enhance the
consistence of the feedstock, as unlike the ATAD plant in Killarney, Belt Pressing of
the sludge is not recommeénded due to the possible accumulation of polyelectrolyte

within the anaerobic digester, as demonstrated during pilot plant trials. ATAD has an

142




Chapter 5. Results and Discussion

advantage over anaerobic digestion in this regard, as while polyelectrolytes are less
biodegradable under aerobic conditions, accumulation within a digester is not a factor

due to the short HRT ensuring rapid flow through digester.

In terms of ATAD operation, the*e are few indicators of digester stability beyond T.S.
/V.S. removal. The most significant indicator of imbalance from overload for example
is temperature, as temperatures in excess of 65 °C may arise if the overload is organic in
nature, whilst a sudden decrease in temperature may occur if the overload experienced
is hydraulic. Typically, the effects of such imbalance_ are sudden and little can be done
to mitigate the resultant effects, beyond close monitoring of feed rate and concentration
to prevent overloading, (cooling may be used if overload is due to organic
concentration). pH directly correlates to temperature, due to the suppression of
nitrification imposed by the high temperature maintained in an ATAD system, thus the
pH tends to be alkaline. The pH of the digested sludge in Killarney averages at 8.7.

Other possible indicators of imbalance, not monitored in Killarney include oxygen take-
up rate (OTR), and VFA. High VFA concentrations have been encountered in ATAD’s
operating at low D.O. levels and are thought to develop due to conflict between the
aerobic and anaerobic organisms present within the digester, but no significant work has
been condﬁcted to distinguishing between the VFAs present or to determine which
individual VFA’s are indicative of instability, as has been done in the case of anaerobic
digestion. In The ATAD system, it is most likely that the presence of VFA’s would not
be highlighted to any great extent by pH reduction, as observed in the anaerobic
process, as the extent of aeration scrubs CQ, from the head of the digester, thus
preventing pH depression (Speece, 1996). From pilot scale trials CODs was noted as a
possible indicator of Autothermal conditions, as following transition from 16 °C to 28
°C approx the CODs increased significantly, as did pH, which is a characteristic feature
of Thermophilic conditions. CODs could be utilised on a regular basis to indicate the
extent of hydrolysis in an ATAD plant, thus reduction in CODS would indicate at an
early stage poor biodegradability of the feed solids (reduction in cell lysis), and even
irregularities in feed consistency (If V.S content of the feed reduces then so too would
the CODs).
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The feed rate (24.96 m3/d) and feed concentration (6%T.S.) administered to the ATAD
in Killarney is typically constant. Variations in peak flows in ATAD’s are mitigated by
the fact that additional digesters can be put in to operation during such times. This is the
case in Killarney, therefore the feed rate to the reactor is often unaffected as the
additional flow is spread equally between the digesters. The ATAD in Killarney is
stable in regard to operation, but there does appear to be considerable variations in the
consistency of the Total Solids concentration exiting the reactors (see T.S. ranges). This
suggests inadequate mixing within the digester, one reason for this may be the smaller
spiral aerators used in the secondary tanks (chosen because of lower oxygen demands at

this stage).

Temperature of Operation

A comparison operating temperature is not appropriate, as one system is mesophilic,

and the other thermophilic.

The anaerobic digester in Tralee is heated by means of an external heat exchanger,
which maintains the reactor temperature at 33.5 °C on average. At present in Ireland,
mesophilic anaerobic digestion is used widely. National sludge treatment policy (The
Code of Good Practice in the Use of Biosolids in Agriculture) states that a ‘Class A’
Biosolids (Pathogen reduction of <1,000 MPN.g D.S. for fecal coliforms, and <3 MPN.
4g D.S. for salmonella sp.) should be achieved for sustainable management of
Biosolids, (i.e. land spread). Mesophilic Anaerobic Digestion cannot produce a Class A

Biosolid, without a pre / post pasteurisation stage, therefore the Tralee plant produces a
‘Class B’ Biosolid (U.S. EPA Rule 503).

The high temperature of operation in an ATAD, ensures the technology complies with
both the requirements of the Code of Good Practice and the U.S. EPA Rule 503 (*Class
A’ Biosolid) in terms of pathogen reduction. The ATAD in Killarney maintains an
average temperature of 55 °C in the secondary reactors. It is apparent that there was a
change in feeding regime from the initial operating conditions. From start — up to
August of 2001 all rectors were operating in the thermophilic zone but, from this period
on, the temperatures in the' pr_imary reactors fell into the mesophilic zone (operating at

25 ~ 30 °C). This suggests that the during start — up operation the reactor were fed on a
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continuous basis, and that the feeding regime was changed to a batch fed process of

once per day during august 2001.

HRT

The HRT of the anaerobic digester in Tralee averages at 26 days approximately.

In Killarney the HRT is maintained at 9.1 days on average, it is for this reason that
ATAD’s are typically cheaper to construct than anaerobic digesters, as the digesters can
effectively be a third to half the volume of an anaerobic digester treating the same

quantity of sludge.

Economic Assessment

There is a preception that ATAD is more expensive to operate and maintain than
anaerobic digestion, due to the extent of aeration required. The cost incurred in the
treatment of sludge at Killarney is €190.18/ t.d.s. and at Tralee is €211.16 / t.d.s. In this
case, the ATAD in Killarney is more economical as the siudge treatment plant is
treating on almost twice (546.62 t.d.s. / year) that of the anaerobic digester in Tralee
(329.34 t.d.s. / year).

Both plants are designed for a p.e. of 42,000. The low sludge production yield in Tralee
can be explained by the fact that the wastewater treatment plant in Tralee includes
primary treatment and secondary treatment (trickling filters and diffused aeration). The
majority of organic matter in this instance is removed from the waste stream during
primary treatment and the secondary treatment by trickling filter. During primary
settlement readily biodegradable faecal matter is settled out of suspension, removing up
to 60% of the solids (20% of the organic load). The trickling filter system removes a
further 45% of the organic load with minimal sludge production (sloughing off just once
/ twice per year). As a result, a substantial portion of the organic load has been treated
prior to the diffused aeration stage; therefore the sludge production from this stage is
also minimal. The sludge treatment plant in Tralee appears to be oversized for the
quantity of sludge it is producing on a daily basis. The digester has been in operation

since 1998 and, to date, only one of the two digesters has been commissioned, despite
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the fact that the plant is treating up to 75% of its design p.e. (design p.e. 42,000, current
p.e. 36,000).

The final sludge from the ATAD plant in Killarney is transported to land in liquid form.
The cost of dewatering has not been considered in this cost estimation, however,
polyelectrolyte dosage for the dewatering of ATAD sludge can be from 3 — 10 times
greater than that required for anaerobic sludge (Kelly ef al., 2000).

Summary

The ATAD plant in Killarney has proven to attain a higher quality of sludge (Class A),
than the mesophilic anaerobic digester in Tralee, at a shorter HRT of 9.1 days.
Economically the ATAD plant supersedes the anaerobic digester both in terms of capital
cost and, cost of operation. Furthermore, due to the complex nature of the anaerobic
digestion process, in terms of the extent of operating skilt required, the ATAD plant is
once again at an advantage and is flexible in operation, should the flow to the plant
increase addition reactors can be brought on-line, and be fully operational in a relatively

short period time (two weeks approx.).

In light of this study it is surprising that the ATAD plant in Killarney is the only sewage
sludge digester of its type in Ireland, but this may be due to the fact that ATAD is still
considered as a new technology. In the authors opinion, ATAD is an excellent means of
achieving a pasteurised Biosolid product suitable for re-use in agriculture, in line with
the specifications of the ‘Code of Good Practice in the use of Biosolids in Agriculture ',
and, while anaerobic digestion achieves greater solids reduction in terms of overall mass
of sludge for disposal, unless the anaerobic digestion process is thermophilic (or with a
pre or post pasteurisation stage) it can not attain ‘Class A’ status, and final disposal of

such sludge will eventually become problematic.
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6.1 CONCLUSIONS AND RECOMMENDATIONS

Following the operation of the pilot scale aerobic and anaerobic reactors and the
appraisal of full-scale sludge treatment plants throughout Ireland, the main findings
of this project are as follows:

* In the treatment of Secondary Sludge, the pilot scale anaerobic digester achieved
greater T.S., V.S. and CODt reduction on average of 28%, 31.5% and 32% than
that of the aerobic thermophilic pilot plant which achieved 20% T.S. removal,
31% V.S. removal and CODt removal of 34.6%, despite the fact that secondary
sludge is the optimum feedstock for aerobic digesters. This is due to the greater

biomass growth rate of aerobic systems.

» Following reductions in HRT the removal efficiency of both pilot plants
reduced, indicating hydrolysis to be problematic not only for the anaerobic
digestion process but also for aerobic digestion, and is also indicative of poor
biodegradability of the feedstock.

* Volatile Fatty Acids identified as indicators of process performance in primary
sludge digesters, such as propionate, butyrate, and acetate, are not deemed as
good indicators of process stability in the treatment of secondary sludge. As
following VFA analysis by GC, VFA’s were consistently low even during
operational difficulties. This may be attributed in part, to poor biodegradability
of the feedstock (i.e. slow rate of hydrolysis, would result low concentrations of
VFA, and there subsequent utilisation by the biomass). However, as constituent
VFA’s are typically substrate specific. future analysis on a broader spectrum of
VFA is recommended to determine which are predominantly produced under

stressful conditions with a test substrate of secondary solids.

* From the operational difficulties encountered in the operation of the anaerobic
pilot scale reactor it is apparent that mixing is vital in the anaerobic digestion of
secondary sludge. Polyelectrolyte should not be used as the sole means of
thickening a feedstock for anaerobic digestion due to possible accumulation

147




within the digester. Oxygen, which has been identified as a inhibitor of
anaerobic digestion process, did not have a long-term detrimental effect on
digestion as the methane content of the biogas increased to 55 % within five

days, following an air shock.

Strict control of feedstock consistency and flow, is of critical importance in
maintaining harmony between the synergistic groups of bacteria within an
anaerobic digester. Maintaining feedstock consistence to the anaerobic digester
in Tralee is problematic, to over-come this, the installation of a sealed feed

storage tank with mixer would be beneficial to process stability.

Due to the shorter HRT of the ATAD plant in Killarney double the quantity of
sludge can be treated, averaging at 546 t.d.s / year in Killarney and 329 t.d.s. /

year in Tralee.

At present Biosolids producers are encouraged to achieve a ‘Class A’ Sludge,
this is not a mandatory requirement however. Future legislative requirements are
likely to become more stringent. Due to the high temperature of operation
attained by ATAD systems a ‘Class A’ sludge is achieved in terms of pathogen
reduction, whereas mesophilic anaerobic digestion plants nationwide would
require expansion to include per or post sanitation to achieve a ‘Class A’

Biosolid, which will add to the overall cost of treatment.

The ATAD plant in Killarney is more cost effective to operate per t.d.s, than the
mesophilic anaerobic digester in Tralee (€190/t.d.s ATAD verses €211/ t.d.s.
Anaerobic digestion), partially due to the fact that the ATAD plant is treating

double the quantity of sludge per year on average.
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APPENDIX B
ANAEROBIC DIGESTER APPEARANCE FOLLOWING AIR SHOCK




APPENDIX B ANAEROBIC DIGESTER APPEARANCE FOLLOWING AIR SHOCK




APPENDIX C
{ANAEROBIC DIGESTER)
WEEK 19 -AIR SHOCK, EFFLUENT ANALYSIS AND FEEDING REGIME
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APPENDIX D
(ANAEROBIC DIGESTER)
RESULTS OF SAMPLING FOLLOWING PERIOD OF SHUT DOWN
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APPENDIX E
ANAEROBIC DIGESTER VFA CONCENTRATION BY GC ANALYSIS




APPENDIX E: ANAEROBIC PILOT SCALE DIGESTER VFA CONCENTRATIONS BY GC
ANALYSIS (mg/l)

Week Acetate Acetate Propionate | Propionate | Butyrate | Butyrate
Range Range Range
1 (seed) | 34.28 0 0
2 0 0 0
3 0 0 0
4 8.184 0-40.92 4.81 0-24.07 0
33 Day HRT
5 0 0 1.69 0-6.79
6 0 0 1.69 0-6.78
7 0 5.155 0-20.62 3.02 0-12.05
8 11.97 0-47.9 8.11 0-32.44 16.41 0-65.67
9 0 0 0
10 7.8 0-15.6 0 0
111 0 0 0
12 0 0 0
13 0 0 0
14 0 0 0
Mean 1.97 1.32 2.11
15 18.21 0-31.58 0 0 0-15.98
16 17.64 0-30.04 0 14.82 0-15.98
17 15.58 0-42.11 0 10.8 0-22.61
18 18.95 0-35.15 0 3.58 0-17.92
19 0.1 0-0.146 0.028 0-0.196 |0 0
20 0.025 0-0.21 0 0.14 0-0.7
21 0 0 0
22 0 0 0
23 0.2 0-1.2 0 0
15 Day HRT
27 0 0 0
28 7.61 0-15.37 0 1.69 0-6.76
29 8.165 0-16.33 0 0
30 0 0 0
31 0 0 0
32 0 0 0
33 0 0 0
34 8.185 0-16.37 0 0
Mean 2.99 e | — 0.21






