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Introduction

The project was set up initially to deliver efficiencies and reduce the burden of storing
vast amount of water that carries recyclable nutrients. Nutrients are important
substances that provide nourishment essential for the maintenance of life and for
growth. All farming manures (slurry, farmyard and poultry) contain these useful
nutrients. Efficiently extracting nutrients from manures could save on the cost of
commercial fertilisers and reduce serious environmental impact. However poor manure
management can cause pollutants (including nutrients) to enter through run-off or
drainage (for example, land drains).

With the intensification of the dairy industry, slurry management is becoming an issue

for farmers, Welsh Government, Local Governments, Water Utilities and Natural

Resources Wales (NRW). With the inevitability of tighter legislations, this will only add

to the existing burden. For example, all Welsh farmers must complyt o 6 The Wat er
Resources (Control of Pollution) (Silage, Slurry and Agricultural Fuel Oil) Regulations

2010 known as 6the SSAFO Wales Regul ationsd
Government.

According to the NRW in i tiandthdimplicationslfor ur al Po
natur al resource managementd document ( Summe
third most frequent reason for failing to achieve good status in Wales. It affects some

180 individual waterbodies. The number of pollution incidents caused by dairy and beef

farms across Wales has fluctuated between 85 and 120 for each of the last six (6)

years. Recent wet winters and a significant downturn in the dairy market have added to

the pressure on the environment and farmers; reducing their capacity to invest in slurry

and silage store management.



Point source pollution incidents (such as those caused by overflowing slurry stores) are
concentrated in particular parts of Wales. Over 60% of the incidents during the last
three (3) years took place within the milk field of Carmarthenshire and Pembrokeshire.

So, has the project delivered on the original objective? Yes, in part although the water is
not yet at a discharge quality. The project has delivered to the extent that commercial
companies are keen to work with us to further develop the process to complement their
systems and processes to achieve the original goal and much more.

Limited field trials have determined that the concentrated nutrient rich cake, if handled
appropriately, can be used on farm as a very efficient nutrient recycling process,
replacing slurry in a very efficient way with early indications showing very low risk of
crop contamination, allowing application between silage crops for example. Cage trials
have demonstrated better soil activity with increased earthworm counts in cages having
received regular application of the cake.

| foresee very exciting times ahead in nutrient management developments, tighter
legislation and increased public expectations will fuel demand for improvements. The
next chapter will see more collaboration with commercial companies working alongside
research organisations to deliver improvements in nutrient management. What we have
achieved so far is only the start of greater things to come.

John Owen - Project Manager

Executive Summary

Farm slurry run-off from fields is a major cause of river pollution in Wales. The project
hoped to address this issue through the use of innovative technology designed to aid
slurry management. The objective was to treat raw slurry in such a way as to remove as
muchof the water contaminating el ements of
liquid into a local watercourse under licence. This would be done through a process of
primary course solids removal by mechanical separation followed by electro-chemical
coagulation of colloidal and dissolved particulate. The electro-chemicals would be
generated in a novel and patented sono-electrochemical reactor - Soneco®©, developed
by project partners Power and Water. Further secondary solid/liquid separation stages
were employed to remove solids post-coagulation, including dissolved air flotation
(DAF) and additional mechanical separation of the fines. A final advanced oxidation
process (AOP) was included to oxidise and decrease levels of ammoniacal nitrogen
and chemical oxygen demand (COD).

Consistent plant performance relies on stable feed stock. It became increasingly
evident early on that the nature of the slurry matrix would frequently change i on
occasion changing throughout the day. This proved problematic for the primary
separation system to provide a steady uniform separated liquid suitable for down-
stream processing. The variability in the level of total solids seen (between 2% - 11%)
meant that the treatment regime had to be continually tweaked. This may have been
achieved using in-line monitors constantly feeding back data to the Soneco®© reactor
PLC. However, the level of contaminants seen in the separated liquor would mean a
considerable lag in reaching the coagulant levels required for adequate treatment,
rendering the electro-coagulation reactor as unviable for achieving acceptable
throughputs for working farms.

Additionally, the level of total solids in the liquor entering the reactor meant that higher
electrical currents has to be applied in order for the metal from the anodes to dissolute



into the liquid at an appropriate rate as to allow correct treatment rates. The higher
electrical currents across the electrodes consequently caused the negatively charged
particles to migrate to the anode at a higher rate. The power-ultrasound system
employed to prevent the solid particulate from adsorbing to the anode was ineffective at
these higher percentage solids levels (>1%). As a result, the anodes would foul heavily
preventing the flow of electrical current i and the treatment would stop. In order to try
and circumvent this, it would be necessary to dilute the reactor influent to a level which
allowed continuous treatment. This however, was seen as being counter-productive, as
water would need to be blended with the slurry feed in order to later remove it.

Switching to the use of more traditional liquid chemical-based treatments already used

in waste water management in other industries meant that treatment could continue

regardless of the contamination level. Handling, storage and chemical spills are some

concerns surrounding the use of chemicals, although farms already utilize chemicals in

their everyday farm management, therefore th

The amount of chemical required is proportional to the level of contamination. High
contamination levels would require additional plant infrastructure, increasing costs. As a
result, blending raw slurry from a slurry store with farm dirty water for a 1.5% - 2.0%
total solids final concentration is seen as a way forward in developing a successful
treatment system. This would result in lower capital and operating costs whilst
nevertheless reducing slurry and dirty water levels on the farm.

The Soneco© AOP reactor, designed to remove difficult to treat recalcitrant organic and
many inorganic materials from the wastewater by oxidation using hydroxyl free radicals,
in its current state of development did not result in adequate treatment rates to allow for
the water to be discharged to the local watercourse. Further investigations are required
in order to adapt and modify the reactor, which would enable greater rates of oxidation
at the treatment plant scale.

Cur r eenmho viRalt e s

Excell eentnuemoval rates are seen, alongside
table below. However, due to hitehergwt@haneper
good enough tawatesrch@aumgeet o
Gener al Comment s
A Higher than anbnsi patédetll sotudsi
affecting plant performance.
ALikely need for a buffer/balance
A This will also enhance solids cap
removal
A Reorder of process equipment to d
| oad fromlpdismaeyoyval
A Modifications to AOP to deal with
Total Total P Ortho P Total N Potassium
Suspended (% removed) (% removed) (% removed) (% removed)
Solids
(% removed)
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1.0 Project Overview

Over recent years, the over-application of farm slurries has become increasingly
evident, with excess nutrient leaching into streams and rivers. This pollution of the
waterways is having a dramatic negative effect on local stakeholders through its impact
on water quality and watercourse biodiversity in many Welsh rivers, the unexplained
decrease in salmon population, income from tourism and angling decline.

On 13th December 2017, to ensure water courses receive greater protection from
agricultural pollution, Lesley Griffiths the Cabinet Secretary for Energy, Planning and
Rural Affairs stated that she intends to introduce a whole Wales approach to tackling
pollution from agriculture. This new legislation was due to be introduced in January
2020, but has been delayed by COVID 19.

Current slurry management regulation requires slurry tanks that work in part, but high
rainfall causes capacity problems. Climate change is leading to a prolonged peak and
extra-low flows and high-water temperatures exacerbating slurry management
problems.

Overuse of slurry on land causes pollution, therefore farmers are looking for alternatives
to traditional methods to build more resilience into the landscapes and to reduce
siltation and diffuse pollution from farms.

Economic market pressures are driving expansion & intensification of farms making the
slurry problem worse, but creating a new market for nutrient management.

Over application of slurry, in particular, is creating farming inefficiencies, therefore farms
are not as profitable as they could be. ProsiectSlyri Project has identified possible
efficiency gains to the Welsh dairy industry to the value of £50M through improved
nutrient management, including appropriate application rates and timing for optimum
crop growth with better utilisation of available nutrients.

The majority of farmers are working within limits of current best practice and
technologies, but developments have not kept pace with the need for expansion.
Farmers feel they are regulated but not supported with tools to deliver a good solution.

Too much water is wasted and the industry needs to explore opportunities to improve
efficiency. By extracting water from cattle slurry, which on average is 90% of the total
volume, the dairy industry could reduce dramatically the demand on clean water. Even
in Wales, recent dry summers have demonstrated the pressures on the supply of
sufficient clean water. The implications of developments for recycling has far-reaching
worldwide environmental benefits.

What We Proposed to Do

This project brought together a collaborative research and development partnership
project combining industry and FE to:

Apply innovative and proven concept technology, to the agriculture sector
Reduce significantly the risk of pollution from farm slurry

Maximise the potential recycling nutrient value

Reduce considerably the storage and handling cost of slurry

Design, develop and test, bespoke economically viable systems that can be scaled
up to work on all dairy herd sizes

O¢C O« O« O« =2



Power and Water (KP2M Ltd) developed a patented technology (Soneco®©) which
combines power ultrasound and electrolysis for water treatment, a technology called
60Soa@bect r oc (wewnsosotleclyobhemistry.com). This enabling technology
was at the core of the pilot processing system.

This innovative and ground-breaking technology is based on generating electrons and
cavitation to accelerate the efficient removal of inorganic, organic and nutrient
compounds as well as purifying the wastewater (and sludge) of pathogenic bacteria.
Cavitation is the formation of vapour cavities in a liquid 7 i.e. small liquid-free zones
("bubbles" or "voids") T that are the consequence of forces acting upon the liquid.
Cavitation caused by ultrasonic and hydrodynamic equipment and techniques have been
used for catalysis of many known and well-defined endothermic reactions traditionally
implemented with high temperature/high pressure processes for many years. The
advantage of cavitation is the effect of high pressure and temperatures achieved in the
domain of effect near the collapsed bubble, the rate of heating being sufficient to start
and sustain reactions in aqueous and other solutions.

Figure 1. Effect of ultrasound in liquids (© Bruno G. Pollet)
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The overall treatment plant design is illustrated in Figure 2 below and indicates the flow
of the material through the plant, from raw yard slurry inlet to treated water outlet.

Figure 2. lllustration of the modular design and treatment process.
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The aim of ProsiectSlyri Project was to innovatively reduce farm waste, help safeguard
the environment and address the agricultural industry's impact on ecosystems by
developing a dewatering and purification system to manage slurry on farms. With the
intensification of the dairy industry, slurry management is becoming an increasing issue
for farmers and the environment.

Driving the projectwere Co | e g Si T1lli AG @gridulsural@aempus in Carmarthenshire
and Power & Water, a Swansea based company specialising in electrochemical-based
water treatments.

Thepr oj ect received funding through the Wel sh
Development Programme 2014-2020, which in itself was funded by the European
Agricultural Fund for Rural Development and the Welsh Government. The project applied
innovative, proven concept technology to reduce air and water pollution and to reduce

the overall volume of slurry by up to 80%. A de-watering and purification system would

be developed that removed the water from slurry and treated the separated water with

the aim that it would be acceptable for reuse on the farm or be suitable for safe discharge.

The system also utilised nutrients from the slurry to produce good quality fertiliser.

The aim was to reduce significantly the risk of air and water pollution at the same time as
maximising the recycled nutrient value. The process was designed to considerably
reduce storage of slurry on farms as well as handling costs.

Efficiently extracting nutrients from manures could save on the cost of commercial
fertilisers and considerably reduce environmental impact.



The project aimed to design, develop and validate an economically viable treatment
system that would be made available commercially to be used on farms.

Problem
A Agricultural wast
value and polluting potential in the
water cycle
A Larger herd sizes
farming increases storage needs and
spreading issues

l ncreasing rainfa
requires tighter control of waste slurries
and wastewater management on farms

Potential Solution
A Appl yveiandproveraconcept
technology

A Dvater slurry

A Reduce the risk
A Maximise the re
A Reduce storage

C
a

Facility Layout

Research facilities are situated at the Coleg Sir Gar - Gelli Aur dairy farm and illustrated
in Figure 3. From the plan, you can see cattle sheds from where the slurry is collected,
two large slurry storage tanks, modular slurry treatment equipment constructed on
bunded concrete pads and a storage shed for the separated high nutrient solids.

Figure 3. Slurry Separation Site (as-built)
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Separation of Colloidal and Dissolved Material

The plant is designed to remove suspended colloidal material as well as the dissolved
charged particles found in cow slurry. This is accomplished through electrostatic
mechanisms for particle coagulation and flocculation.

Two main mechanisms are employed for the removal of charged particles from waste
water streams. These are charge neutralisation and sweep flocculation.




What is Charge Neutralisation?

Coagulation is the process of neutralising the electronic surface charges of particles,
fibres and colloidal material in water and keep them suspended.

Colloidal material can be described as any matter that is one-tenth of a millimetre or
smaller which is suspended in an aqueous solution

The addition of cationic charges neutralizes the anionic surface charges, allowing the
particles to come within contact with one another

Figure 4. Charge Neutralisation lllustration
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A flocculant can then be used to bind the coagulated particles together. Flocculants tend
to have opposite charges to the coagulant which then attract and agglomerate the
particles.

What is Sweep Flocculation?

Sweep flocs can be described as large aggregates of mineral salt hydroxides e.g.
Al(OH)s or Fe(OH)s that are formed when salts of aluminium (Al) e.g. poly-aluminium
chloride or iron (Fe) e.g. ferric chloride is added to water. Further, the insoluble
hydroxides (at neutral pH) form an electrostatically positively charged molecular net
which attracts, captures and binds on to the negatively charged colloidal particles in the
liquid, causing the colloids to become enmeshed in the sweep floc.

Figure 5. Sweep Flocculation lllustration
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2.0 Laboratory Process Testing and Preliminary Sample Analysis

Prior to the treatment plant being delivered, installed and commissioned at Gelli Aur
College Farm, samples were taken for laboratory testing from Gelli Aur College Farm
and also, another local farm, which already operated a screw press filter. This provided
the opportunity to trial various treatment parameters and analyse the results in the
laboratory. This enabled calculating the capacity of the power supply, transformer and
electrode material required, amongst others, to achieve the desired treatment levels.
Beaker tests were initially used to determine the best electrode material to use on the
sample, electric current requirement and retention time. Secondly, a mini benchtop
reactor (Soneco®), incorporating ultrasound was used to further investigate and
simulate the farm scale treatment plant design.

Jar test methodology: Photo 1: Jar Test

1. Place a sample of the separated liquid
fraction of the slurry in to a beaker with two
electrodes (+ve and T ve) connected to a
fixed current power supply.

2. Continuously stir to ensure a homogenous
sample throughout. During electro treatment,
this allows for an increased probability of the
reacting molecules coming into contact.

3. Atfixed intervals, take small samples and
test for floc generation and density,
phosphate, nitrate and potassium
concentration amongst others, as well as
chemical oxygen demand (COD).

4. Parameters such as current settings, flow
rates etc can be adjusted as required.

5. Samples may be inserted into a variable
speed flocculator and stirred where required in order to grow the flocs.

6. Sample analysis was conducted using a HACH DR3900 spectrophotometer and
associated test kits.

Benchtop reactor (with ultrasound) test methodology:

1. Place a sample of the separated Photo 2: Benchtop Reactor Test
liquid fraction of the slurry into ‘
the bespoke sono- e
electrochemical benchtop

reactor (Soneco®©) (1200ml) and - B B B

beaker reservoir (500ml) \' 'i“j '-»
2. Continuously stir the reservoir 53 ll &l

using an overhead mixer em 3 L 1)
3. Pump the contents of the ulw P =N

beaker into the reactor inlet - 0 bl

using a variable flow pump

(peristaltic) and allow to level of

liquid in the reactor to increase
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until the liquid flows through the outlet and back into the beaker.

4. Turn on the power supply to the electrodes and ultrasonic generator/transducers
(Ultrasonic frequency generator/transducers were fixed at 28kHz 1 32kHz).

5. Atfixed intervals, take small samples and test for floc generation and density,
phosphate, nitrate and potassium concentration amongst others, as well as
chemical oxygen demand (as above).

6. Parameters such as current settings, flow rates etc can be adjusted as required.

7. Samples may be inserted into a variable speed flocculator and stirred where
required.

8. Sample analysis was conducted using a HACH DR3900 spectrophotometer and
associated test kits.

Once these system parameters were defined, the laboratory results data was used to
calculate the requirements of upscaling the process.

Laboratory tests concluded that the highest nutrient removal rates were seen when
using aluminium as the anode material, when compared to other materials e.g.
iron/steel. The floc size and density were superior when aluminium electrodes were
used. Later work conducted by Power and Water suggested that this may be because
ferrous (Fe**) was being generated and released into the liquid rather than the more
effective ferric (Fe***) form of iron. Therefore, the electro-coagulation reactor with
dissolved air flotation was supplied with aluminium electrodes.

Determinant Analysis
The samples collected during the course of the project were analysed for the following
as and when required:

% Total Solids (TS) % Total Suspended Solids (TSS)
Chemical Oxygen Demand (COD) Biological Oxygen Demand (BOD)

Total Phosphorus Ortho Phosphate (Dissolved Phosphate)
Total Nitrogen Total Potassium

Total Aluminium Total Iron

Alkalinity Turbidity

pH

What Does BOD and COD mean?

1 BOD (Biochemical Oxygen Demand): The rate at which organisms use oxygen
in the sample while stabilizing organic matter. This measures the strength of the
water based on the amount of oxygen the bacteria consume, typically the test is
run for 5 days (BOD5) and incubated at 20 degrees C. The higher the BOD, the
stronger the waste.

1 COD (Chemical Oxygen Demand): COD is a measure of the amount of oxygen
that can be consumed by chemical reactions in a given volume of sample and is
an important parameter for determining the amount of organic material in the
sample and therefore potential pollution of watercourses (there is often a
correlation between COD and BOD). In this instance, the preference was to test
for COD rather than BOD as analysis of BOD5 requires 5 days), whereas COD
can be analysed in a matter of hours.

12



Preliminary Pre-Installation Test Results

Results from early laboratory analysis of the separated slurry from a local farm where a
screw press separator was already in use can be seen in the below table, indicating the
nutrient split between solid and liquid fractions:

Table 1. Nutrient Separation Analysis of Separated Slurry from a Nearby Farm

Determinant Raw slurry Separated liquid Separated solid

Total Phosphorus 340 mgl/l 390 mg/l 400 mg/l (0.4kg/m3)
Total Nitrogen 3200 mg/l 1300 mg/I 14000 mg/l (14kg/m3)
Potassium 2010 mg/l 1530 mgl/l 1690 mg/l (1.69kg/m3)

1 Phosphorus i equally distributed between the separated solid and liquid phases
with approx. 18% increase in concentration in both when compared to raw slurry

1 Total Nitrogen 1 Over 400% increase in conc. in separated solids verses raw
slurry. The separated liquid saw a 60% reduction in conc. when compared to raw
slurry (of this, around 75% could be removed during down-stream processing).

1 Potassium 1 Lower conc. seen in both solid (approx.20%) and liquid phases
(approx.30%) when compared to raw slurry.

1 Dry Matter i Large increase in % dry matter content of the solids, as expected
(from 8% to 36%)

3.0 Installation and Commissioning of the Treatment Plant
The plant installation was completed by late summer 2018. The correct commissioning
of the treatment plant was essential to the future effective and safe operation of the
plant. Due to the nature of the treatment process, it was prudent for the plant be
commissioned in sections rather than a whole. These sections are as follows:
1. Front-end Separation i comprising of the slurry feed pump and both screw press
and decanter centrifuge separators.
2. Soneco® Sono-electrocoagulation =
with Dissolved Air Floatation (DAF). '
3. Disk Stack Centrifuge separator
4. Soneco®© Sono-electro-oxidation
with Advanced Oxidation
Process (AOP)

Once each section had been suitably
commissioned, the next section would follow
in turn, until the whole plant was ready to
operate safely and effectively.

Photo 3: Treatment Plant at CSG
Solids/Liquids Mass Balance Calculations

In order to establish the distribution of suspended solid material in the slurry and
subsequent separated slurry components, it was necessary to conduct mass balance
calculations. Below is an example of a GEA developed calculator which was used for
decanter centrifuge separation. Alternative calculators were also developed by Power
and Water which included screw press separation modelling. Both calculators were
used to determine the performance of the two primary separation methods.
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Figure 6. Example of Mass Balance Calculator used in the project (courtesy of GEA)

Solids [ 1.0 |=%Ts Capacity [ 1.0 |m%h Dekanter Type [ UCD 345
Density | 1.00 | kgiam®  Load [IHO0] kgTsm Process
Please click in field fo
[e Total Feed
_ = e
R ] — l
Product Pump I
Polymer Feed Diluted [ 042 | m*/h
Dilution Concentration m %
[e I Centrate Cake
Dilution Water 3 Capture Rate 55 | TS| 320 |%
ms/h i I % Volume 1.1 mh Volume | 0.097 | m¥h
TS/TSS | 0.458 | % Mass 17 kgCake/h
Y TS Mass 5 kgTSih TS Mass 6 kgTS/ih
Polymer Preparation 1
Type of Polymer | Liquid |Pisase click i fisld for choose
Dosage 12.0 kg/tTS
Powder - kg/h
‘ @i m—=
W L5
u * ! J
{ f " Polymer Polymer
-1 | Soluti Fead méh
I RE A T T 0.14 | % !
= ' = g — o=
Polymer Pump

The plant commissioning process greatly increased our understanding of what is required
to safely treat farm slurry. From frequent changes in total solid content (ranging from 3%
in summer to 11% in winter), to the proportion of dissolved solids which the plant had to
manage and deal with (this can be as high as 70%). An appreciation of the material
incorporated within the slurry matrix has proven key to achieving a positive outcome. As
a result of our increased knowledge we adapted the plant in order to better manage the
process and to include a conditioning stage prior to primary solid/liquid separation. As a
consequence, we were better able to treat the resulting effluent.

Using the pre-treatment/conditioning stage, we were able to transform the slurry from a
deep brown to a translucent pale-yellow colour. Laboratory analyses indicated that a
considerable reduction of some of the key determinants was possible.

Commissioning of the Primary Front-end Separation Process

The movement of slurry at Gelli Aur College Farm can be described briefly as follows:
The slurry leaves the cattle shed and enters a collecting channel before emptying into a
collecting pit. From here the slurry can be pumped directly to the slurry store, or fed to
either of the two front-end primary separators via a variable speed electrically operated
vertical long shaft pump and mixer.

Primary Solids Removal

The purpbsepofmary solids removal stage was
from the effluent stream. dhetaskparsatadkasibl &
coudeae stored dur i nThe separateddiquid o eoadsdsrie.o u | ldo vb e
enough in twaetalovseoldli dasd rtelaen ¢ sBwT ersesmday i ng
much osfoltihde parnttitdhulsatse asgg ep rmemart tniudra it cefn ttsh e

(part iwouul dadiseo) be ,r emecamedng | ess nutrient | oad
pr ocess
Twe@r i neaegpyar ation units were trialled

1 Screw Plrewesr capex, simpler to oper

removal
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2 Decanter ¢tRingherf ugapex, more energy
solids removal

Screw Press Separator i SPS (Cri-man SP/260 Mini)

Photo 4: Screw-press Separator
g 4 Samples were collected of the raw feed, liquid
filtrate and solid cake at equal intervals, three
times a day i 9 samples in total. The samples
were analysed for percentage total solids
(%TS) in order for mass balance calculations to
be performed on whatodos ent
system. The output of these calculations
informed the commissioning and treatment
process in section 2 (Soneco®© sono-
electrocoagulation with DAF).

Chart 1. Screw Press Solids Removal

Screw Press %TS
12

<
10
g
g, : -
3 A
. (m G <>|:|ﬁI 8

¢ Feed %DSOFiltrate %DS

Screw Press
A Average feebd ZWtSoll i ds
A Average filGt.rlE®WtSall i ds
A Average r enlo7v.all%
A Ccake 29 %o tSall i ds

Comment s

1. Good stackable cake produced

2. Reducsed ids reMmooumpdared et o decanter)

3. Fine solids passing through screw filte

4. Overl oading of downstream treat ment

5. Finer skoeled be trialled

6. Equi pohest gnperdo dtactrcyake rather than treat
|l ow sol i ds.

7. OPEX Costs T the screw-press uses an average of 5kWh of energy when in

production. This equates to £0.75 per hour or £2,190 per year (based on 8
hours a day; 365 days per year).
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The standard screen size for slurry separation as provided by the manufacturer was
0.5mm. Later a 0.25mm screen was purchased and also trialled in comparison to a
decanter centrifuge.

Decanter Centrifuge (GEA UCD 345)
Photo 5: Decanter Centrifuge
U c=w adE @ As with the Screw Press Separator (SPS) the
aim was to collect samples of the raw feed,
liquid centrate and solid cake at equal
intervals, three times a day i 9 samples in
total. The samples were again analysed for
percentage total solids (%TS) for mass
balance calculations to be performed on
wh at 6 sng and leavingi the system. The
output of these calculations informed the
commissioning and treatment process in
section 2 (Soneco®© sono-electrocoagulation
' with DAF).

Chart 2. Decanter Centrifuge Solids removal

Decanter %TS

12

o
10 <o
(/)8 80 09 <>° %
S 6 o 8
SR = S = o B o
2 a (] o § E<>
0

¢ Feed %DS O Centrate %DS

Decanter
A Average feesd TWtSmll i ds
A Average cent.rra®tSall i ds
A Average r enbova l
A cake 25%0 tSall i ds

Comment s

1. Good stackable cake produced
2.l mproved solids remaswalew gptrees(sgompared
3. Fine solids |l ess of an issue
4. Reduced | oad onto downstream treat ment
5. Equipment designed to produce a dry cake rather than treated water with

low solids.
6. OPEX Costs - the decanter uses 6kWh of energy when in standby and

8kWh when in production modes. If the cost of energy is 15p/kWh, then this
would equate to £0.9 and £1.20 per hour respectively during operation,
meaning an annual production operational cost of £3,500 per year (based
on 8hours per day; 365 days per year).
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Decanter Centrifuge i Nutrient Separation in Relation to Bowl Speed (Liquid
Fraction)

Charts 3-6: Decanter Centrifuge Bowl Speed Trial Results

Phosphorus/Phosphate (mg/I) Potassium (mg/l)
250 3,500

o0 3,000

2,500

150 = 2,000

mg/|
g/

Total K

Total P £ 1,500
100 Dissolved K
Ortho P 1,000
50 Linear (Dissolved K)
500
0 0
3525 4036 4500 3525 4036 4500
Bowl Speed (RPM) Bowl Speed (RPM)
%TS in Liquid Centrate Total N (mg/1)
24 1,800
1,750
235 1,700
23 1,650
= 1,600
£ 225 W
= £ 1,550
22 1,500
1,450
215
1,400
21 1,350
3525 4036 4500 3525 4036 4500
Bowl Speed Bowl Speed (RPM)

The bowl speed and therefore centrifugal force, can have a significant effect on the
efficiency of how the solids (and therefore the nutrient concentration contained within
the solids) are separated. Although Total-N and Total-K were seen to increase it was
imperative to remove as much of the suspended solids as possible in order not to
overload the downstream treatment processes. As such the plant operated with
maximum bowl speed for the duration of the project.

The results obtained from laboratory analysis clearly showed that the decanter

centrifuge was superiortothescrew-pr ess f or the purpose of del
separated liquid which was pivotal for allowing other processes to occur downstream

without overloading the system.

Total Solids Analysis (%)

Inconsistencies in the plant feed made it difficult to maintain appropriate treatment
levels, without the need for in-line monitoring systems. These systems can be
expensive and were not included in the original project plan.
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Chart 7: Slurry Feed Pit % Total Solids Analysis

Feed Solids: Raw Slurry
12

(o4
10 o
" 8 o 80 08 <>° %
g ° s o. o 8 ¢
4 1% © o
2 o 8 <

O Feed %DS

The chart aboveéediendiachdawdlonde nwonoentheatfieend
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y and analysed for %Tot al Solids often sho
ncenttaevohshbdnge ain weather conditions <co
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Chart 8: Daily Variability in Slurry Pit Solids

Change in Reception Pit %TS
12

10
<% e e
L
‘s 6
4
2
0
Time ofday — »
NTS eeeverens Linear (%TS)
It also followed that inconsistencies in the
i nconsi stencies in the s ubssteaggueesn.t T hieqg uci hda ratts
il lustrate the variability in some of the ke
mechani cal separation processes.
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Charts 9-14: Determinant Variability

COD Variability TSS Variability
100000 40000 A
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Fluctuating concentrations seen in the plant influent clearly signifies a correlation seen
in the plant effluent. This significant variation can cause issues to arise when dosing
coagulant, where under dosing would result in higher levels of contamination in the
effluent and over dosing would result in higher concentrations of residual coagulant in
the effluent with resulting increase in operational costs.

Mai ntaining consistency of feed is seen as
l evel s.

19



Particle Size Distribution Analysis (PSDA)
Feed SyGspteermat i on

Due to poorer itrmigni alatlyiredmep gathhlee f eed system

wasevi ewed.

Particle Size Distribution Analysis aimed to give an insight into the particle sizes of the
suspended solids within the effluent stream. This allowed a better understanding of
equivalent solids capture rates of both primary separators as well as the disk stack
centrifuge and also, the solids coming through in the liquid fractions.

Charts 15-21. Comparing Particle Size Distribution for Mechanical Separation Equipment
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