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Abstract 
 

Southern Water (SW) was seeking a low cost alternative to the operation of thermal drying 

plant post digestion for sludge treatment. A landbank survey indicated sufficient landbank 

within the region for biosolids treated to conventional standards as defined by the Safe 

Sludge Matrix. After bench scale laboratory trials SW decided to pursue lime dosing as an 

add on treatment process in order to ensure robust compliance. The trials were spilt into 

three phases over a 3 year period. Phase 1 involved installation of a pilot powder lime 

dosing plant. Results indicated that pH increases to 8.5 in the digested sludge stream and a 

lime dose rate of 1% were sufficient to achieve biosolids compliance. Phase 2 trialled pilot 

liquid lime dosing plant at Sites 2 and 3 and results indicated good biosolids compliance. 

Phase 3 involved the installation and integration of permanent liquid lime dosing plant at 

Sites 1,2 ,3 and 4.  There were a number of issues and lessons learnt during installation. 

Optimisation studies determined that lime product concentration will affect the reactivity of 

the lime product within the sludge stream and in order to reduce the lime dose rate a more 

dilute product must be utilised.  
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Introduction 

 
Southern Water (SW) was seeking a low cost alternative to the operation of thermal drying 

plant post digestion for sludge treatment. The thermal drying plant was designed to run on 

biogas produced from mesophilic anaerobic digestion (MAD) and produced a granular 

enhanced treated product for recycling to agriculture. Increasing incentives to operate 

combined heat and power (CHP) engines to provide green energy from the biogas 

generated by the digestion process and the ongoing high operational costs associated with 

thermal drying plant meant this model had become cost inefficient. In addition a land bank 

assessment indicated sufficient land bank within the region for a conventionally treated 

biosolids as defined by the Safe Sludge Matrix (SSM). 

 

Digested cake was sampled at all sites to assess E.Coli content for compliance to 

conventional standards pre thermal drying. The results indicated that in order to produce 

biosolids that consistently meet the requirements for conventional product an additional 

post digestion treatment process was required to replace thermal drying. As there was no 

footprint for cake storage available on the identified sites a treatment process was required 

that would enable immediate removal of treated biosolids from site.  The installation of 

advanced digestion technologies were not feasible at SW due to a high level of digester 

performance already being achieved (on the four sites typical digester destruction rates 
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vary between 40 to 50% and biogas yields range between 410 to 455 m3/tds). SW carried 

out a literature review of alternative post digestion treatment processes and a decision was 

made to trial liming of digested liquid sludge to provide the 2 log removal and maximum 

allowable end product concentrations (MAC) of E.Coli required for compliance with the 

SSM. Pilot lime dosing trials were undertaken after assessment of results from bench scale 

laboratory testing. These trials were spilt into 3 phases over a 3 year time period. 

 

Phase 1 - Low dose powder lime plant at Site 1.  

Phase 2 – Temporary liquid lime plant at Sites 2 and 3  

Phase 3 - Installation of permanent liquid lime plant at Sites 1, 2, 3 and 4 

 

Low dose liming is defined as dosing lime into liquid sludge at less than 5% weight for weight 

(w/w). Increasing the pH in the sludge from 7 – 7.5 to 8.5 – 9.5 using lime is a low cost and 

effective way of treating digested liquid  sludge to produce a conventionally compliant 

cake as defined by the SSM. Implementation of this process has enabled further efficiencies 

in recycling costs for SW due to removal of the requirement for offsite cake storage. 

 

Various lime products can be used for the lime stabilisation of digested sludge. SW trialled 

powder lime and liquid lime from a number of different suppliers.  

 

 ‘Powder lime’ is a white or off white fine powder calcium oxide produced by the thermal 

decomposition of calcium carbonate by heating to greater than 800°C resulting in the 

release of carbon dioxide (CO2) to produce calcium oxide (CaO). 

 

‘Liquid lime’ is a white or off white, fine suspension of calcium dihydroxide (Ca (OH)2) and is 

produced when calcium oxide is mixed with water. It has a relative density of 1.1 – 1.25 

depending on its strength and a pH >12. 

 

Four sites at SW now have permanent liquid lime plant for post digestion sludge treatment 

and another is planned next year. SW has sufficient designated contingency cake bay 

storage for each site in the event of process critical control point (CCP) breaches or end 

product sampling failures. If this contingency storage is utilised for any reason the cake is left 

in the cake bay to mature for a set period of time specific to each site. The cake is then 

sampled and once compliance is shown it is released for stockpiling on land. 

 

Methodology 

 
Phase 1 – Low dose powder lime plant  

The powder lime pilot trial at Site 1 utilised a hired lime plant consisting of a powder lime silo 

with lime dosing screw and mixing tank. The lime dropped into the mixing tank at a rate 

dependant on the screw speed. Digested liquid was pumped from the digested sludge 

stream into the mixing tank, mixed and discharged to the centrifuge feed line.  

 

http://www.european-biosolids.com/


19th European Biosolids & Organic Resources Conference & Exhibition  

 

www.european-biosolids.com  

Organised by Aqua Enviro  

 

 
 

Picture 1: Phase 1 Lime plant at Site 1 

 

Phase 2 – Temporary Liquid Lime Plant 

 

The realisation that compliance could be achieved at low doses meant that SW re-thought 

the design of the lime plant.  Temporary hired liquid lime plant was installed on sites 2 and 3 

in 2012. Peristaltic lime dosing pumps were utilised which dosed liquid lime directly from a 

liquid lime storage tanker at a rate dependant on the lime dosing pump size and number of 

rotations per minute directly into the centrifuge feed line prior to centrifuge feed pumps. A 

mixing tank was not required due to the small quantities of lime required to be dosed and 

chemical mixing resulted from the velocity created by the centrifuge feed pump. Liquid 

lime was dosed in the range 1 to 5% w/w to give a pH of 8.5 – 9.5 and compliance to 

conventional standards. 

 

Commissioning commenced at a dose rate of 5% w/w and dose rates were decreased to 

1% w/w. pH and bacteriological compliance were measured at each stage of the 

commissioning process.  

 

Critical limit compliance of the CCP is confirmed by twice daily pH testing of the cake. This 

gives a good indication that the lime plant is dosing correctly and that compliance is being 

maintained. Auditable records are in place to prove compliance with the site Hazard 

Analysis and Critical Control Point (HACCP) plan.  

 

 
 

Picture 2:  Liquid lime dosing point  
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Phase 3 – Permanent Liquid Lime Plant 

 

On sites 2, 3 and 4 the permanent lime plant consists of a  liquid lime storage tank sited 

within a bund complete with agitator,  kiosk for the control panel, flow meters, duty / 

standby lime dosing pumps and pipe flushing system. Sites 3 and 4 have circular flat based 

lime storage tanks whilst Site 2 was installed with a rectangular shaped lime storage tank. 

This has resulted in issues due to incomplete mixing of the tank contents. The lime plant on all 

sites is fully integrated into the site supervisory and data acquisition (SCADA) systems and 

can be controlled from the site control room. The lime dose rate (l/hr) is auto calculated 

using the centrifuge feed rate (m3/hr) and digested liquid dry solids (%) using an operator 

entered w/w lime dose set point and lime product concentration.  

 

 
Picture 3:  Phase 3 Lime Plant at Site 3 

 

At site 1 a redundant sodium hydroxide dosing plant was converted into a lime dosing plant 

thereby saving on installation costs. Commissioning was in May 2014 and the plant has so far 

been running well. 

 

Phase 4 – Bespoke Liquid Lime Plant 

 

A bespoke liquid lime rig is being designed and purchased for Site 5 and is scheduled to be 

installed and commissioned in 2015. This design takes into consideration problems 

encountered with the previous lime plant installations in order to avoid previous issues with 

installation and commissioning. The lime storage tank will be circular with a flat base. 

Conical based tanks are thought to be the optimal design for liquid lime storage but whole 

life cost analysis ruled this option out. 

 

 

Results  

 
Digester Performance 
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Table 1:  Site Performance Indicators 

 

Not

e 

that 

site 

4 

ener

gy 

prod

ucti

on is 

limit

ed 

by 

an 

undersized CHP engine.  

 

Efficiency 

 

The drum type thermal dryers were relatively efficient in terms of fuel and power usage but 

evaporating water from sludge is energy intensive and incurs high maintenance and labour 

costs. Considerable savings were therefore made when thermal drying was replaced with 

the low dose lime treatment process. The associated costs of running lime plant were a 

fraction of the previous costs of maintenance and the energy needed to power dryers. So 

despite increased recycling costs due to the requirement to remove 25% cake from site as 

compared to 95% granules a significant benefit was seen. 

 

For site 1 thermal drying was process limiting and removal of this process resulted in 

increased sludge throughputs, increased biogas and energy generation. The site now 

produces an average of 0.65 MWh/TDS treated and is energy neutral. The site exports an 

average of 46% of the total energy produced each year, compared with the 25% exported 

previously when the dryer was running.  

 

Site 2 in contrast only exports 1% of the energy produced from site generated biogas. This is 

due to the high energy demand of the wastewater treatment plant which includes 

Biological Nutrient Removal (BNR). 

 

Phase 1 – Low dose powder lime plant  

 

Results from the powder lime dosing plant were encouraging as compliance was achieved 

with a 1% w/w dose rate and pH 8.5. There was no requirement to increase the pH to 

greater than 10 resulting in no ammonia gas release and associated odour problems.  

 Site 1 Site 2 Site 3 Site 4 

Process Type Filters BNR ASP ASP 

Target Retention time 15 16 23 26 

Actual Retention time 13/14 16 15 25 23 

Target TDS treated 17228 17258 5947 6980 

Actual TDS treated 13/14 16394 17611 5071 8245 

Gas produced (m³/TDS) 13/14 428 434 455 410 

Energy produced (MWh/TDS) 0.65 0.60 0.75 0.58 

Energy exported (%) 46 1 19 56 

Target Organic Loading Rate   

(Kg VS/m3.d) 
4.00 3.50 2.43 2.15 

Actual  Organic Loading Rate   

(Kg VS/m3.d) 
3.71 3.98 2.65 2.39 
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Figure 1:  Phase 1 Site 1 E.Coli mpn/gds vs. Digester Retention Time (1% w/w lime) 

 

Figure 1 demonstrates that digester retention over 14 days at a 1% w/w powder lime dose 

rate resulted in compliance at Site 1. A few sample results were out of range (>100,000 

mpn/gds) due to sampling error as all process CCPs were in range and sample retests 

showed compliance. 

 

Issues encountered with powder lime plant resulted from the long residence time of lime 

within the silo due to the low doses required. High lime powder residence time in the storage 

silo resulted in hydration of the lime product and bridging within the silo. 

After a nearly a year of running the powder lime plant pilot trial at Site 1 the cost benefit 

analysis indicated that increased operational efficiencies could be obtained with the 

installation of low dose liquid lime plant at three other sites to produce a conventionally 

treated biosolids that can be recycled straight to land. Liquid liming of digested liquid 

sludge was proving to be a more cost effective and reliable way of dosing lime. 

 

Phase 2 – Temporary Liquid Lime Plant 

 

Results from the phase 2 temporary liquid lime dosing plant trials confirmed sludge 

compliance on sites 2 and 3 at low lime doses. However in order to provide a more robust 

solution lime dosing plant was required that would include the following: duty / standby 

dosing pumps with auto changeover, dosing pipework flush cycles and integration with site 

SCADA systems. The ability to achieve compliance at low lime dose rates and the 

concurrent simplification of the dosing plant requirements resulted in reduced whole life 

costs and improved feasibility. 

 

Examination of the final product demonstrated that lime was less visible and odour was 

lower in the treated biosolids when dosing both 45% and 35% strength liquid lime at ≤ 1% 

w/w when compared to powder lime indicating improved mixing with liquid lime product as 

compared to powder lime product 
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Picture 4:  Treated Biosolids - 1% w/w powder lime 

 

 
Picture 5: Treated Biosolids:   1% w/w liquid lime 
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Phase 3 – Permanent Liquid Lime Plant 
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Figure 2:  Phase 3 Site 3 E.Coli mpn/gds vs. Digester Retention Time (1% w/w lime) 

 

The results seen in Figure 2 demonstrate biosolids compliance at site 3 using a 1% w/w dose 

rate. This site generally has high digester retention times and stable feed stocks which 

contribute to consistent sludge compliance. 
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Figure 3:  Phase 3 Site 4 E.Coli mpn/gds vs. Digester Retention Time (1% w/w lime) 

 

The results seen in Figure 3 demonstrate biosolids compliance at site 4 using a 1% w/w dose 

rate. This site also has stable digester feed stocks and retention times resulting in good 

compliance using a 1% w/w lime dose rate. Digester performance at site 4 is particularly 

stable due to the limited number and very consistent number of sludge imports making the 

digesters extremely stable. 

http://www.european-biosolids.com/


19th European Biosolids & Organic Resources Conference & Exhibition  

 

www.european-biosolids.com  

Organised by Aqua Enviro  

 

0

50000

100000

150000

200000

250000

10 12 14 16 18 20 22

Digester retention (days)

E.
C

o
li

 m
p

n
/g

 d
s

Average E.Coli/g dry weight
 

Figure 4:  Phase 3 Site 1 E.Coli mpn/gds vs. Digester Retention Time (0.5% w/w lime) 

 

The results seen in figure 4 demonstrate biosolids compliance at site 1 using a 0.5% liquid lime 

w/w.  In phase 3 the pilot lime powder plant on site 1 was replaced with a lime dosing plant 

converted from an existing redundant round flat based Sodium Hydroxide tank.  This saved 

on installation costs of a new plant. An agitator and new pipework were installed to existing 

plant to link the peristaltic lime dosing pumps to the digested sludge stream. This site now 

operates with a 0.5% w/w dose rate and good compliance has been achieved following 

commissioning. 
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Figure 5:  Phase 3 Site 2 E.coli mpn/gds vs. Digester Retention Time (4% w/w lime) 

 

The results seen in figure 5 demonstrate some of the issues experienced by SW with biosolids 

compliance at Site 2 when dosing at 4% w/w at low retention times.  Inconsistent feed 

stocks and low retention at Site 2, as well as poor mixing of the lime meant that cake had to 

be stored offsite to reach compliance until issues were resolved and compliance achieved.  
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Discussion 

 
Historically powder lime product has been utilised by SW to stabilise raw cake with many 

associated problems. These include: high chemical costs (>10% w/w dose rates required), 

risks associated with exposure to chemical powder and extremely high odours released. In 

order to obtain the high temperatures required for bacteriological compliance the pH of 

the final product was raised to greater than pH 10. This resulted in the release off ammonia 

gas from the ammonium ion with consequent odour problems.  

 

Previous studies indicated that a low lime dose had a weaker odour strength (lower dilution-

to-threshold) / less offensive odour (more neutral hedonic tone) than a high lime dose and a 

well-mixed biosolid product had a weaker odour strength (lower dilution-to threshold) than 

a poorly mixed product (Mangus et al. 2006).  

 

Installation issues 

SW encountered a number of problems during the installation and commissioning of the 

lime plant. These had to be overcome by making modifications to the equipment and 

pipework. For example removal of non essential valves from the lime pipe work which were 

causing blockages and dosing pump shut down. Lime dosing pump sizes were site specific 

and dependant on typical solids loading through the dewatering plant. Pump speeds were 

altered to enable the correct range for lime dosing. Commissioning issues caused by 

incorrect calibration of lime dosing pipework flowmeters had to be rectified. There were also 

initial problems with integrating the lime dosing plant control features into existing and 

sometimes old SCADA systems resulting in slightly increased installation costs. 

 

When using the 45% strength liquid lime a good speed of agitation was needed to stop the 

product settling out.  Site 2 had many problems associated with clumps of lime forming in 

the corners of the lime storage tank and being pumped through the tank outlet pipe 

resulting in blockages further downstream. These issues are due to the rectangular shape of 

the lime storage tank. In order to overcome these issues lime draw off pipework 

modifications were made so that lime was removed  from the centre of the tank. A back 

wash water system for this pipework was also installed post commissioning to allow site 

operators to easily clear blockages  within the pipework by jetting it with final effluent. 

 

During commissioning SW discovered inconsistencies found in the sampling procedure 

being adopted to take these samples. These issues have now been resolved with the 

implementation of a new sampling procedure and improved sampler training. 

 

Optimisation 

The targets for SW were: 

1) Zero odour nuisance 

2) Minimal lime dose rates for biosolids compliance 

 

Zero odour nuisance was attained as bacteriological compliance could be achieved by 

increasing the pH to a maximum of 8.5 meaning that ammonia gas was not released from 

the ammonium ion. 

 

Liquid lime of 20%, 35% and 45% strengths have been used at SW since the introduction of 

liquid liming plants and SW wanted to determine the most cost effective liquid lime strength 

for achieving a compliant biosolids at each site. Site specific dose rates had to be 

investigated as each of the four sites had different features. Consideration of flow rates, 

feed stocks and digester retention needed to be taken in order to achieve the correct dose 

rate for each specific site. 

 

Improved control systems of the lime plant installed in phase 3 enabled SW to optimise each 

site.  SW carried out a series of investigations to determine the minimum dose rate required 
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for biosolids compliance and the necessary pH for CCP monitoring.  SW were able to 

successfully implement 1% w/w dosing at sites 1, 3 and 4.  The installation of a chemical 

dashboard a part of another optimisation initiative at Site 3 has resulted in improved visibility 

of the quantities of liquid lime used and has enabled more ownership of the lime plant by 

the site operators.  

 

A matrix demonstrating the relationship between digester retention and compliance was 

developed. This has enabled site operators to alter the lime dose rates if retention time 

alters. This matrix is under continuous review.  

 

Ongoing issues were seen at Site 2 and it was proving difficult to achieve compliance below 

the 4% w/w lime dose rate using the 45% product. During phase 2 trials Site 2 had utilised 

both 20% and 35% strength liquid lime with improved bacteriological compliance. It was 

however difficult to understand the full picture as during the commissioning period Site 2 

was experiencing less stable feedstocks to the digesters as a result of issues at import sites 

and neighbouring sludge treatment centres (STCs). In addition Site 2 has had an historical 

ongoing problem with struvite deposition which was believed to be exacerbated by the 

addition of lime and consequent increase in pH to above 8. The result of increasing the lime 

dosing in order to reach compliance was having a negative effect and causing increased 

deposition of a calcite type substance within the sludge stream pipework and dewatering 

plant with associated costs. SW now believes that dosing at a higher dose rate reduces the 

reactivity of the lime product within the sludge and therefore compromises bacteriological 

compliance. Dosing less w/w with a more dilute product has actually improved compliance 

at Site 1. 

 

SW are also implementing the installation of a carrier water system into the lime dosing line 

at Site 2 which will both dilute the liquid lime as well as increase the velocity and therefore 

mixing when discharged into the digested sludge stream. The carrier water system will 

include the installation of an actuated valve in order to enable auto control. Once installed 

this system will require optimisation in order to prevent increased polymer consumption by 

the dewatering plant. 

 

Compliance results on Site 1 following dosing with a more dilute product meant that the 

dose rate could be further optimised to 0.5% w/w. SW believe improved compliance is a 

result of improved reactivity of lime product within the sludge stream and in the process of 

changing Sites 2, 3 and 4 to a more dilute product in order to attain further operational 

efficiencies.  

 

A further installation is planned at Site 5 for a bespoke dosing unit, the design of which will 

take into consideration all of the issues and lessons learnt in the previous installations. 

 

Conclusions 

 
1. Post MAD low dose liquid liming is a low-cost, energy efficient and sustainable 

treatment process for the production of biosolids compliant to conventional 

standards. 

2. Lime dosing to produce a pH of 8.5 in the treated biosolids provides sufficient 

bacteriological reduction in the final product to maintain compliance with the SSM 

as well as zero odour niusance. 

3. Improved mixing of liquid lime into the digested sludge stream results in improved 

bacteriological compliance  
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