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Executive Summary 

Objectives 

The objective of this project was to develop a cost-reflective, proportionate standardised methodology for 
quantifying the cost of sludge liquor in the water industry as follows: 

 Assess how WaSCs are currently calculating the costs of sludge liquor treatment;  

 Propose options for the future calculation of these costs; and 

 Indicate a favoured option. 

The scope of this project did not include to determine when or how our favoured option should be 
implemented and the work undertaken for this report was predominantly technical in nature. However, we 
have given consideration to some possible effects of implementation.  

Background 

Sludge liquors are often returned by WaSCs to wastewater treatment processes for treatment. As these 
processes are part of the Wastewater Network+ price control, but the processes which produce the liquors are 
part of the Bioresources price control, there must be a charge between the price controls for the service being 
provided. WaSCs are already calculating this, but as there is presently no standard method each company 
applies a different method. This makes it difficult to compare gate fees to identify efficient trades and could 
fail to replicate the costs a market entrant would incur. 

A standard method could help to promote the development of the bioresources market, increase efficiency 
and aid the transparency of recharges between price controls. It could be applied only to trades during AMP 7 
to improve market information, improve market entrant certainty and therefore assist the development of 
the sludge trading market. 

AMP 6 practice 

Interviews with companies revealed a range of AMP 6 practices (Table 1). During AMP 6, calculation of the 
costs in scope was governed by RAG 2, but all companies have interpreted and applied this differently. 

Table 1 Summary of current liquor cost practice 

 Monitoring Determinants Costs in scope 

Company Regular, 
routine 
sampling 

Ad hoc or 
diagnostic 
sampling 

BOD COD Ammonia Marginal 
energy 
cost 

Variable 
Opex 

Variable 
& fixed 
Opex 

Opex & 
Capex 

Opex, 
overheads & 
Capex 

A - ✓ ✓ - - - - - ✓ - 

B - ✓ ✓ - ✓ - - ✓ - - 

C - ✓ ✓ - - ✓ - - - - 

D - ✓ ✓ - - - ✓ - - - 

E - ✓ - ✓ - - - - ✓ - 

F ✓ - ✓ - ✓ - ✓ - - - 

G - ✓ ✓ - ✓ ✓ - - - - 

H ✓ - ✓ - - - - - - ✓ 

I - ✓ ✓ - - - ✓ - - - 
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 Monitoring Determinants Costs in scope 

Company Regular, 
routine 
sampling 

Ad hoc or 
diagnostic 
sampling 

BOD COD Ammonia Marginal 
energy 
cost 

Variable 
Opex 

Variable 
& fixed 
Opex 

Opex & 
Capex 

Opex, 
overheads & 
Capex 

J - ✓ - ✓ - - - ✓ - - 

Total 2 8 8 2 3 2 3 2 2 1 

Range of options considered 

We identified the following options for the standard method and evaluated them against RAG 2. 

Variable Options 

Wastewater treatment 
costs in scope 

One or more of: 

 Variable opex 

 Fixed opex 

 Capital costs 

 Overhead costs 

How the costs could be 
calculated 

 Apportionment of wastewater treatment costs 

 From first principles 

 Set at same level for all companies depending on treatment type and 
permit 

 Flat percentage of bioresources opex 

 Flat rate per unit of determinant 

 No cost 

Determinants One or more of: 

 Biochemical oxygen demand (BOD) 

 Chemical oxygen demand (COD) 

 Ammonia 

 Phosphorous 

 Solids 

 Volume 

 Alkalinity 

 Odour, hydrogen sulphide 

 Emerging contaminants 

Measurement options  Centrally-set estimates 

 Regular sampling 

 Dynamic sampling 

 Dynamic sampling with cohort estimates 

While long- and short-term trades will have different price bases, we consider that liquor cost should be 
viewed as a marginal cost of Bioresources, so it should be applied in the same way for all trades. 

Sampling costs and timing 

The strength of sludge liquors varies by site, hour, day, season and year (see Section 5.4.1 for further details). 
This is due to long-term asset performance, sludge variability, asset changes, sludge production plans, and 
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Network+ performance. As a result of this, sampling over a longer period will give more representative 
results. Increasing the intensity of sampling may not yield better data due to seasonal and annual variability, 
but will increase cost arising from access, sample-taking, couriering and analysis. Therefore, our preferred 
option is to sample over a long period of time to establish a credible baseline of performance. This would 
reduce the total cost of sampling. 

Cost of sampling must be proportionate. We estimated, based on a £250 cost to simultaneously sample both 
BOD and ammonia, with an industry average of 22 bioresources sites (PR19 data) and three returns on each 
might spend £66,000 per year on sampling. However, real data on the cost of sampling is not easy to obtain 
and the cost varies by the remoteness of sites and the ease of access to the sampling point.  

Discharge consents vary between Network+ sites. This means that for some sites, predominantly those with 
estuarine or sea outfalls, ammonia treatment is not required, and treatment is correspondingly less energy-
intensive. It should be noted that sites with river outfalls may appear less efficient (higher liquor cost), but 
this is a function of discharge consent, which is a geographical factor. It should also be noted that it is 
expected that WaSCs with high levels of advanced AD will produce more ammonia and therefore generate 
higher liquor costs.  

Most AAD plants with ammonia consents have liquor treatment plants within the Bioresources price control. 
Where they do not, it is not in the interests of customers to artificially incentivise the construction of new 
liquor treatment plants where the treatment capacity already exists in wastewater Network+. Though for new 
plants in this category, it could be that building liquor treatment capacity in the Bioresources price control 
would be cheaper than expanding a wastewater Network+ treatment asset (e.g. an activated sludge plant). 
We consider that calculating the capital cost of existing wastewater treatment capacity using a net modern 
equivalent asset value will prevent excessive value being placed on existing older assets, and may therefore 
avoid creating the incentive to build unnecessary liquor treatment plants. However, this cannot be 
established for certain until further data collection has taken place (see below section on data limitations). 

Data limitations 

It should be noted that the sample data used to compare the standard method with other approaches (e.g. 
Modgen) within this report was based upon a mix of engineering experience, cost estimates and sample data 
(each from different sources). This data is limited in its availability (because not many WaSCs are collecting or 
generating it) and consistency, we cannot fully know the impact of the implementation of a standard method 
on the sector until widespread data collection begins. 

Quality incentivisation 

It is worth mention that application of the standard method would link the charge for liquor treatment to the 
quality of the liquor. No comparable link exists between sludge treatment cost and the quality of the sludge. 
This is outside of the scope of this project, but we note it here for completeness. 

Description of standard method 

In summary, our preferred method to calculate the annual cost of liquor treatment is as follows: 

1) Commence sampling liquor returns. Sample BOD only where there is no ammonia consent, and BOD and 
ammonia where there is one. See section 5.4. 

2) Identify the assets in scope for each site. These are the ones which treat liquors. This varies depending 
on where the liquor returns are. 

3) Calculate the cost in scope: 

a) The capex element is the annualised cost of capital and depreciation on the net MEAV of the assets. 
It also includes a fraction of the cost of capital and annual depreciation on shared assets. Apportion 
this using area. See section 5.3. 
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b) The opex element is the annual operating cost of the assets in scope, including overheads. See 
section 5.2.1. Ignore the opex of shared assets unless it is likely to constitute at least 10% of the 
site opex. If it meets this threshold, apportion it to the assets in scope using the ratio of known opex 
of the assets in scope to total wastewater site opex. 

4) Calculate the liquor cost: 

a) Use a mass balance approach to calculate liquor volume. 

b) Use the latest running average sample data for liquor strength (at least three years and up to five).  

c) Find the faction of the cost in scope which is the liquor cost. If the site has an ammonia consent, use 
the BOD and ammonia formula (5.1.3), otherwise use the BOD-only formula (5.1.1). 

Opinion on implementation factors 

While this project was primarily focused on our technical proposals for the standard method, not on 
implementation, we have considered some factors affecting implementation (Section 7).  

We consider that the most important of the possible effects of implementation is the potential to affect the 
PR19 final determinations. We consider that setting a standard approach to calculating liquor cost part-way 
through AMP 7 would affect companies’ Bioresources and Wastewater Network+ budgets, which could 
influence their investment plans, for example through the cancellation of capital projects or construction of 
unnecessary liquor treatment plants.  In Section 7.1 we estimate that liquor costs could represent 7.5% to 
25% of bioresources totex costs for AMP 7. 

An increase in the liquor cost against plan would increase the cost incurred by the Bioresources price control, 
while a decrease in the liquor cost would reduce it. Due to the cost sharing differential between Bioresources 
and Network+, a material increase in cost to Bioresources could materially affect company totex and risk. 
However, a decrease in the liquor cost for a company would result in savings incurred in the bioresources 
price control. 

Jacobs’ opinion on a standard method for calculating liquor cost 

Our preferred method to calculate the cost of sludge liquor is set out below.  

Costs included 

 The liquor cost is to be an allocation of all wastewater treatment costs downstream of the liquor returns 
on each site. This includes an allocation of variable and fixed opex, an allocation of annualised capex, 
and an allocation of the site’s allocation of corporate overheads. This is consistent with the charging 
rules and RAG 2.  

 Capital costs are to be calculated as a net modern equivalent asset value for each site in accordance with 
the method used for the Bioresources RCV allocation (note further discussion of this in Section 5.3). 

 Capital costs are to be annualised to avoid inconsistent costs year-to-year, and to include the cost of 
capital. 

Determinants 

 Determinants are to be settled BOD5 load and ammonia load in kg. Ammonia only to be included where 
the site has an ammonia consent. Phosphorous is to be excluded (for reasons of materiality and 
difficulty in showing cost-reflectivity), and flow is also to be excluded (as this is largely in the control of 
wastewater Network+).  

Sampling 

 We recommend that a minimum rolling average of 12 samples of each return is used. The samples 
should be timed to account for seasonal variations. 
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 Samples are to be taken from the process sump chambers of each process. Where this is not possible, 
they should be taken from the recirculation line of a well-mixed buffer tank. Where this is not possible, 
they should be taken from the bleed of a well-mixed buffer tank. In all cases, samples should be taken 
when there is flow, at a point which is free from contamination by other liquids such as surface water and 
free from the effects of stratification.  It should be noted that all sludge centres are different, so a 
representative sample point will need to be established for each liquor return by the individual WaSCs. 

 BOD loads (kg/day) and ammonia loads (kg Amm-N/day) in liquor treated should be reported in the 
APR. 
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IMPORTANT - DISCLAIMER 

This Report is for the sole and exclusive use and benefit of the instructing party (“the Client”) under the 
Agreement between the Client and Jacobs UK Limited (“the Consultant”) and the liability of the Consultant is 
expressly limited as provided in the Agreement.  No other party may use, make use of or rely on this Report 
or its contents unless otherwise expressly agreed in writing by the Consultant. No part of this Report may be 
copied or reproduced by any means without the prior written consent of the Consultant.   

No liability is accepted by the Consultant for any use of this Report for purposes other than those for which it 
was originally prepared and provided under the Agreement.  The data, information and assumptions used to 
develop and prepare this Report were obtained or derived from documents or information furnished by 
others.  The Consultant has not independently verified or confirmed such documentation or information and 
does not assume responsibility for their accuracy or completeness.  The Consultant has no obligation to 
update or revise this Report after its date of issue to reflect subsequent events, circumstances or transactions. 

Use of this Report or any part of its contents, by any party other than the Client, shall be at the sole risk of 
such party and shall constitute a release and agreement by such party to defend and indemnify the 
Consultant and its affiliates, officers and employees from and against any liability whatsoever arising from its 
use of or reliance upon the Report or its contents. To the maximum extent permitted by law, such release 
from and indemnification against liability shall apply howsoever arising and regardless of cause including the 
fault, breach of contract, tort (including concurrent or sole and exclusive negligence), breach of duty 
(statutory or otherwise) strict liability or otherwise of the Consultant.  
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1. Introduction 

This report is the deliverable for the Ofwat-commissioned project ‘Setting a standardised methodology for 
quantifying the cost of sludge liquor treatment in the water industry’.  

The objective of the work is to develop a standard approach across the water industry in England and Wales 
for calculating charges relating to liquor treatment. This will benefit companies and customers by promoting 

 a level playing field for sludge trades, 

 consistent pricing of Bioresources services, and 

 an opportunity to accurately assess process efficiency. 

The methodology needs to be demonstrably cost-reflective while balancing the cost of implementation and 
remaining practicable. 

1.1 Background 

Bioresources activities were separated out from Wastewater 
Network+ into their own price control at the start of AMP 7. 
This means that costs and revenues from sludge treatment 
(Bioresources price control) and wastewater treatment 
(Network+ price control) are accounted for separately. The 
boundary between the two is defined in RAG 4.07. This 
division serves the purposes of: 

 Increasing the visibility of the efficiency of the individual 
Bioresources price controls (measured at a high level in 
£/tonne dry solids or tDS). 

 Providing information to the market on the costs 
associated with the Bioresources price control, to 
encourage use of markets and therefore water company 
Customer Efficiency. 

Customers are charged for the overall wastewater collection 
and treatment, with some of that charge allocated to 
Bioresources for transport, treatment and recycling of sludge 
passed to Bioresources from Network+. However, the internal 
charge for sludge liquors transferred in the reverse direction, 
from Bioresources to Network+, has not been defined for the 
industry, so each company is taking a different approach. For 
example, the determinants used to drive costs have been left 
open to review in RAG 2, and companies have differed in their 
interpretation of charge model, with some following a cost 
allocation model set out in RAG 2 and others a transfer 
pricing model set out in RAG 5. 

A schematic of a hypothetical sludge treatment centre is provided to illustrate where different liquors are 
generated by treatment processes and how Network+ and Bioresources processes relate to each other 
(Figure 2). The symbols used to represent different process blocks are defined in Table 2. 

Figure 1. Bioresources/Network+ Treatment 
Centres 
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Figure 2. Network+ and Bioresources processes producing raw and digestate liquors at an example sludge 
treatment centre 

Raw thickening and dewatering liquors (a. and b. in Figure 2) are also generated at satellite sites (not 
pictured), where boundaries between Network+ and Bioresources also exist but there are no pre-treatment, 
digestion or digestate dewatering processes. Satellite sites contribute to digestate dewatering liquors (c.) at 
sludge treatment centres through exported sludge, which arrive at treatment centres through liquid or cake 
reception as shown in Figure 2. 

This shows how different treatment processes in Network+ and Bioresources feed into the types of liquor 
generated. The performance of each of these processes influences the flow and composition of sludge 
entering the thickening and dewatering process blocks, which is reflected in the liquors’ characteristics. For a 
common liquor treatment charge across the industry to be fair and equitable, it is important for liquors to be 
accurately characterised. However, this characterisation will also need to capture the variability in liquor flow 
and composition, which could be considerable.  

Table 2. Descriptions of process blocks highlights in Figure 2. 

 Process block Symbol Description 

All processes 
directly producing 
liquor 

Raw sludge thickening 

 

Thickens raw sludge. Sits in 
Network+ if thickening to below 
10% dry solids and only thickens 
indigenous sludge. 

Raw dewatering 

 

Bulk dewatering of raw sludge for 
indigenous treatment or to 
export. Often rich in BOD. 

Digestate dewatering 

 

Bulk dewatering of digested 
sludge. Often rich in ammonia. 



Setting a standardised methodology for quantifying the cost of 
sludge liquor treatment in the water industry 

 

 

 
B2399400.R.1 9 

Other relevant 
Network+ 
processes 

Primary settlement 

 

Settling of sludge prior to 
secondary treatment, producing 
primary sludge. Can be assisted 
by chemical dosing. 

Secondary treatment 

 

Biological treatment of BOD, 
often ammonia and phosphorus 
in the case of EBPR. Clarification 
included for brevity. 

Tertiary treatment 

 

Further treatment and polishing 
of effluent prior to discharge. 

Other relevant 
Bioresources 
processes 

Liquid and cake 
reception 

 

Reception of sludge imports in 
the form of raw liquid or cake. 

Pre-treatment 

 

Typically, thermal or biological 
hydrolysis of sludge prior to 
digestion. Can increase release of 
ammonia in to digestate. 

Digestion and 
secondary digestion 

 

Anaerobic treatment of sludge. 

Liquor Treatment 
Plant (Dashed line as 
not always present) 

 

Removal and/or recovery of 
ammonia or phosphorus from 
liquor before returned to head of 
works.  

Example analyses of raw and digestate liquors are available for Thames Water’s Chertsey STW 1 and Slough 
STW 2, which were taken to inform new liquor treatment plants (LTPs) at the sites.  

Table 3. Average loads measured for raw and digestate liquors at Chertsey STW and Slough STW 

Example site 3 Constituent Raw liquor load Digestate liquor load 

Chertsey STW 

PE: 94,759 

ADF (m3/d): 24,519 

BOD (kg/d) 1546 173 

COD (kg/d) 2138 809 

BOD/COD ratio 0.72 0.21 

TSS (kg/d) 772 406 

Ammonia N (kg/d) 161 289 

Alkalinity (kg/d) 163 1073 

Flow (m3/d) 654 (428-1162) 257 (237-334) 

Slough STW 

PE: 213,048 

Total P (kg/d) 110 145 

Ortho P (kg/d) 40 135 

 
1  O’Mahony et al. (2013) Aqua Enviro Nitrogen Removal Technologies, Leeds 
2  Kleemann (2015) EngD thesis 
3 PE and ADF from PR19 data 
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Example site 3 Constituent Raw liquor load Digestate liquor load 

ADF (m3/d): 71,737 Ortho P/Total P ratio 0.36 0.93 

Flow (m3/d) 891 ± 67 700 ± 26 

These data show the ball-park characteristics to be expected of raw and digestate liquors. However, these 
should be considered as snapshots of these liquors, with little information around the degree of variability 
over time. Some important broad points we can pick out however are: 

 Raw liquors have high BOD and some ammonia, but less ammonia than digestate liquors, 

 Digestate liquors are higher in ammonia, with some BOD but less than raw liquors, 

 Raw liquor volumes appear to be greater and more variable than digestate liquors. 

1.2 The Impact of uncertainty around liquor charges 

Under the AMP 6 practices, internal liquor treatment cost charges could vary from around a quarter of each 
company’s sludge treatment cost to serve to around a twentieth. This could mean that: 

 When two companies seek to set up a trade, the costs might not be comparable; 

 It is more difficult to evaluate the efficiency of each of the Bioresources price controls due to 
inconsistent flows of cost allocation between Bioresources and Network+ (affecting the cost to serve); 

 It is difficult to know that the liquor treatment work done by appointed assets within Network+ is duly 
valued, and whether fairness for third-party sludge treatment providers is ensured. 

A standard method for calculating the cost to treat sludge liquors could help companies to agree fair and 
proportionate trade prices and identify when a trade will yield efficiency. This has been a blocker to 
development of the bioresources market. 
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2. AMP 6 liquor charging practice 

We have documented AMP 6 industry liquor charge calculation practice through a series of telephone interviews.  A summary of these interviews is provided below. 
Company responses have been anonymised and given as Companies A-J. Hafren Dyfrdwy were not interviewed as they do not have sludge treatment centres and to 
avoid duplication of views with Severn Trent Water. 

2.1 Summary of AMP 6 practice 

Company Current cost practice Top concerns Comments 

A Opex, capex and cost of 
capital. Modified Mogden 
formula based on regular 
sampling. Assumptions on 
destruction rate and returns 
for trades. 

 Standard method must 
support both long- and short-
run costs depending on 
context. 

 Definitions must be clear. 

 Would welcome site-by-site approach but not implementing this now. 

 Method must be futureproof to changes in liquor return quality. 

 Variance in cost sharing between Network+ and Bioresources could create 
perverse incentives. 

 Incorrect method could create incentives to inefficient behaviour. 

 Cost sharing is at 50% in Network+ and 100% in bioresources. Therefore, 
there is an incentive to keep costs in Network+. 

 Circular charging should be avoided. 

B Apportionment of 
wastewater site operating 
cost based on ammonia 
load. Flow monitoring is 
limited and gaps are infilled 
with mass balance 
calculation. 

 Phosphorous returns should 
be included where P is 
released in sludge treatment. 

 Accurate logging of liquor 
return flows is important. 
Meters should be certified. 

 No problem obtaining samples, but this is not done in a systematic, 
widespread way at present. 

 P, BOD and ammonia drive the cost to treat liquor. 
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Company Current cost practice Top concerns Comments 

C Incremental power 
consumption for aeration 
plus apportioned indirect 
general and support 
expenditure based on 
engineering calculation.  

 Definitions must be clear and 
without ambiguity. 

 Stifling of sludge trades if 
charges not fair. 

 Knock on impact on trade 
effluent charges. 

 Stranded or under-used assets 
if not implemented carefully 

 Recognise the need for consistent and transparent approach to liquor 
treatment charges to get a level playing field. 

 Not currently performing routine sampling as a matter of course. 

 Onerous metering of flows could become very expensive to implement. 

 Balanced sampling as not budgeted for the AMP. 

D Opex-only based on mass 
balance and engineering 
assumptions on BOD 
strength. Limited evidence 
base from sampling. 

 Definitions must be clear. 

 Most sites are not configured 
with sampling points, so 
increasing logging and 
sampling of liquor returns will 
be difficult. 

 If liquor treatment appears 
expensive it could incentivise 
sending wetter cake to land. 

 Would welcome site-by-site approach but not implementing this now. 
Would also welcome consideration of consents. 

 Incorrect method could create incentives to inefficient behaviour. 

 Equipment performance and resulting liquor quality are highly variable. 

 Consideration needs to be made of how each component of liquor behaves 
in the works to determine whether total or settled measurements are 
appropriate and which assets are in scope. A lot of organic pollution (driving 
BOD) settles in primary treatment. 

 Transition to a Mogden-type formula would be a significant departure from 
current practice. 



Setting a standardised methodology for quantifying the cost of sludge liquor treatment in the 
water industry  

 

 
B2399400.R.1  13 

Company Current cost practice Top concerns Comments 

E Apportionment of operating 
costs based on COD. Capital 
expenditure is apportioned 
in the year it is incurred. 

 Obtaining accurate samples 
will be difficult due to the 
times and locations of liquor 
returns. 

 Ammonia is a key cost driver 
and should be included. 

 Accurate sampling is important. In the short term, indirect sampling and 
making do with existing access arrangements will be acceptable. In the 
longer term proper access to liquor returns will be necessary and will likely 
involve installation of manholes on liquor return lines. 

 Accuracy and efficiency of sampling should improve as companies obtain 
more experience with it. 

 Continuous logging of suspended solids would be extremely useful for 
optimising centrifuges – brings additional benefits that only liquor charging. 

 Not concerned about perverse incentives or phasing in as tend to take a 
whole-company approach to efficiency and have no hard separation 
between Bioresources and Network+ teams. 

 Centrate returns are difficult to meter as they tend to contain much air.  

F Opex only. Frequent 
monitoring of strength and 
constant flow monitoring. 
Apportionment of cost to 
BOD and ammonia using 
engineering judgement. 
Takes high-level account of 
treatment type and 
environmental permit. 

 A change mid-AMP could 
create perverse incentives 
through the varying cost 
sharing mechanisms between 
Bioresources and Network+. 

 Would welcome the consideration of environmental permitting. 

 Not keen on having an alternative Mogden formula as this could become a 
‘rival’ to the company’s trade effluent Mogden formula and disrupt trade 
effluent charging. 

 Agrees that capital costs should be included. 

G Energy only based on 
ammonia or BOD, depending 
on which gives the higher 
cost. Flow derived from mass 
balance based on sludge 
in/out logging; ammonia 
and BOD estimated by 
process type. 

 Capital costs should not be 
included if they are already 
fully depreciated. 

 Constituents in flow are very variable so representative sampling is difficult. 

 Most liquors are treated with liquor treatment plants. 

 Takes a whole-company view of efficiency, not a price control view. 

 Wishes to move towards ammonia recovery and believes a higher liquor 
cost could incentivise this for some companies. 

 Phosphorous is unlikely to be a significant cost unless ultra-low P consents 
requiring biological treatment are implemented. 
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Company Current cost practice Top concerns Comments 

H Mogden-style apportioning 
constituents based on BOD 
concentration only. 
Apportions all opex costs 
including overheads and 
capital costs for entire 
sewage treatment works. 
Monthly sampling. Volume 
based on mass balance. 

 The standard method should 
include ammonia as this drives 
a lot of cost of digestor liquor 
returns. 

 Standard cost method should 
be implemented for trades as 
soon as possible. 

 Clear instructions for standard 
method are important. 

 Does not see imbalance in the liquor charge as likely to lead to inefficient 
behaviour because the company takes a whole-company view of efficiency, 
not a price control view of it. 

 Phosphorous is only likely to be a significant cost where bio-P processes are 
used, as some sludge treatment processes could re-release the P for further 
treatment. Where chemical P treatment is used, P will remain bound. 

I Operational costs based on 
returned BOD content only. 

 Danger onerous framework 
makes liquor treatment 
uncompetitive and sludge 
treatment headroom goes 
unused.  

 Will require some sort of trial period to implement – test, report back, adjust 
and test again to avoid a cliff edge. 

J Wastewater opex costs only 
apportioned based on 
estimated COD or BOD, 
whichever is higher. 

 No flow monitoring and 
minimal sampling are done at 
present. 

 Capital costs should be 
included in the standard 
method. 

 A change in reporting method 
part-way through the AMP 
would cause trend problems. 

 Keen to explore the cost of ammonia. 

 Phosphorous could be an important cost but no sampling evidence from 
own sites to draw conclusions on this. 

 Type of treatment and consents drive cost and this should be reflected.  
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2.2 AMP 6 themes and trends 

Our interviews revealed that there is variation in industry practice, summarised in Table 4.  

We noted that companies were different in two main ways. 

 The degree of separation between Network+ and Bioresources. We found that companies which have a 
strong separation between Bioresources and Network+ (such as separate directorates) tend to be more 
concerned about the accuracy and completeness of the standard method, the perverse incentives which 
could arise from inaccuracy and the effects of introduction part-way through the AMP. This is because 
their wastewater and sludge treatment budgets are controlled separately, and inaccuracy or changes in 
the charge could create wins and losses within the company. 

 The strength of appetite for trading and market activity. Companies which have a strong appetite for 
market activity tended to have more concern over the accuracy of the method and its implementation as 
soon as possible. 

Table 4 Summary of responses from companies around how they monitor liquors, what determinants they 
monitor and which costs they include 

 Monitoring Determinants Costs in scope 

Company Regular, 
routine 
sampling 

Ad hoc or 
diagnostic 
sampling 

BOD COD Ammonia Marginal 
energy 
cost 

Variable 
Opex 

Variable 
& fixed 
Opex 

Opex & 
apportioned 
annualized 
Capex 

Opex, 
overheads & 
apportioned 
annualized 
Capex 

A -- ✓ ✓ - - - - - ✓ - 

B - ✓ ✓ - ✓ - - ✓ - - 

C - ✓ ✓ - - ✓ - - - - 

D - ✓ ✓ - - - ✓ - - - 

E - ✓ - ✓ - - - - ✓ - 

F ✓ - ✓ - ✓ - ✓ - - - 

G - ✓ ✓ - ✓ ✓ - - - - 

H ✓ - ✓ - - - - - - ✓ 

I - ✓ ✓ - - - ✓ - - - 

J - ✓ - ✓ - - - ✓ - - 

Total 2 8 8 2 3 2 3 2 2 1 

2.2.1 Monitoring 

Sampling of liquor strength varies from weekly, comprehensive sampling to occasional sampling only in the 
case of problems on site, although most fit in the latter category. Some sites are very rarely or never sampled. 
The reasons for not sampling were the difficulty of access and the lack of value obtained from it.  

Estimation of liquor volumes varies from metered logging to mass balances based on sludge volumes in and 
out of the bioresources control, or a mixture of the two depending on the site. 
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2.2.2 Determinants 

There was no clear trend as to which determinants are used. Several companies use a single determinant, 
either BOD, COD or ammonia, to drive an opex-based method. Others used variations of the Mogden formula, 
with some including ammonia as a constituent. No companies are currently using phosphorous to drive the 
charge. 

Most companies agreed that BOD and ammonia are the key cost determinants, with some also listing 
phosphorous as a key concern. Solids and volume were not thought to be as important. No other potential 
determinants were mentioned. 

2.2.3 Costs in scope 

There was little consistency in which costs companies deemed to be in scope, with the most fundamental 
difference being in whether companies included capital costs. RAG 2 states that the cost allocation should 
include capital costs unless the circumstances of the transaction provide a convincing case for use of an 
alternative measure.  

Most companies agreed that an element of capital costs for Network+ assets should be included in a 
standard charge. The exceptions were one company which gave no opinion and one company which argued 
that most trading activity is likely to be short-term (thus not requiring capital costs), and long-term trades 
will lead to companies installing liquor treatment plants within Bioresources, therefore there will be minimal 
or no reason for capital costs from Network+ to be included. 

We consider that capital costs should be included for all guaranteed-capacity arrangements, including the 
arrangement between a company’s own Network+ and Bioresources entities. 

We disagree that long-term trades will necessarily lead to the construction of liquor treatment plants, 
because companies should seek for the most efficient option. For example, there may be substantial existing 
headspace capacity within Network+ or upgrading of existing Network+ assets could be more cost efficient 
overall (e.g. if it provides leverage to perform other works). In some cases only minimal additional treatment 
may be required, if liquor loads contribute a very small fraction of mainstream load and/or there are no strict 
treatment consents in place.
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2.3 Weaknesses in AMP 6 cost calculation practice 

With a small number of possible exceptions, AMP 6 company practice does not appear likely to give 
representative and accurate costs for liquor treatment. This is for three main reasons: 

 Capital costs were not charged consistently. 

 Companies took differing approaches to cost determinants. 

 In most cases, liquor strength was estimated or based on very limited sampling. 

As we discuss in section 4.2, we consider that a net modern equivalent asset valuation might be required in 
order to charge capital costs. This valuation can be apportioned by time and cost determinants to arrive at an 
equitable share of costs for liquor treatment. 

We list the options for determinants in section 4.3 monitoring and sampling in section 4.4. 

Possible material consequences of inaccurate liquor treatment charging include: 

 From over estimation of cost: 

- missed opportunities to drive efficiency through sludge trading, e.g. where an over-estimated liquor 
treatment cost makes an efficient trade appear too expensive; 

- building of unnecessary liquor treatment plants by Bioresources where the cost of liquor treatment 
using existing Network+ headroom appears more expensive than it is; 

- substantial re-routing of sludge transfers (within an individual company) away from treatment 
centres that appear to be more expensive than they actually are; and 

- inefficient transfer of cost from Bioresources to Network+ price control. 

- Transfer of revenue from Bioresources to Network+. 

 From under estimation of cost: 

- anti-competitive behaviour regarding sludge trading with other companies and 3rd parties by 
quoting gate fees which do not cover all costs; 

- inefficient use or expansion of Network+ assets, where construction of a liquor treatment plant 
within Bioresources appears less cost efficient than it really is;  

- substantial re-routing of sludge exports (within an individual company) to treatment centres that 
appear to be more cost efficient than they actually are; and  

- inefficient transfer of cost from Network+ to Bioresources price control. 

- Transfer of revenue from Network+ to Bioresources. 

 From a lack of precision within the method: 

- Variability in companies’ internal liquor charges; 

- The opportunity to selectively transfer revenue between price controls; 

- Difficulty in determining relative efficiency of companies; 

- Uncertainty around future liquor charges; and 

- Reduced trust in the representativeness of gate fees. 
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3. Existing Mogden formulae for trade effluent pricing 

The prices charged for the treatment of trade effluents by all companies broadly follow a version of the 
Mogden formula (Table 6). However, each company has developed a unique interpretation of this approach, 
which has introduced considerable variability in how trade effluent treatment is priced. Understanding each 
company’s approach to trade effluent pricing will inform the development of coherent liquor treatment 
pricing and help to maintain a level playing field with respect to charges. 

To illustrate the variability of Mogden approaches used, the simplest version of the formula is defined as: 

Equation 1      𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅 + 𝑉𝑉 + 𝑂𝑂𝑂𝑂
𝑂𝑂𝑂𝑂
𝐵𝐵 + 𝑆𝑆𝑂𝑂

𝑆𝑆𝑂𝑂
𝑆𝑆 

Table 5. Definitions for the components of a simple Mogden formula 

Formula 
component 

Units Description 

R £/m3 charge for reception and conveyance 

V £/m3 volumetric charge associated with preliminary and primary treatment 

B £/m3 charge associated with biological oxidation as a secondary treatment 

S £/m3 Charge for the treatment and disposal of primary sludge 

Ot mg/L COD of trade waste after 1 hour of quiescent settlement at pH 7 

Os mg/L COD of sewage of average strength after 1 hour of quiescent settlement 

St mg/L Total Suspended Solids of trade waste after 1 hour of quiescent settlement at pH 7 

Ss mg/L Total Suspended Solids of sewage of average strength after 1 hour of quiescent settlement 

Details for the approaches used by each company are publicly available in their respective ‘Wholesale 
charging schedules’ and ‘Scheme of charges’ for 2020/21. Details of each approach are summarised and 
important departures from the simple Mogden formula (Equation 1) are highlighted in Table 6. 

Table 6. Mogden-type formulae used by companies for trade effluent pricing 

Company Formula used Significant differences 

Anglian Water 
 Standard formula defined with 

exception of ‘VB’ 
 Do not define whether trade effluent BOD or 

TSS adjust for pH 

 V is redefined as ‘VB’ and includes provision of 
biological treatment 

 Numerical charges not defined in the 
document 

Dŵr Cymru/Welsh Water 
 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅 + 𝑀𝑀 𝑜𝑜𝑎𝑎 + 𝑉𝑉 + 𝑉𝑉𝐵𝐵 + 𝐵𝐵𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 +

𝑆𝑆𝑆𝑆𝑂𝑂𝑆𝑆𝑂𝑂 
 Includes additional component Vb defined as 

costs for pumping and settlement associated 
with biological treatment 
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Company Formula used Significant differences 

 ‘B’ therefore defined as average cost of 
biological treatment, excluding pumping and 
settlement 

 Includes additional component for marine 
treatment, M. 

 Includes additional component Vm as the 
average cost of pumping, preliminary 
treatment and discharge through sea outfalls 

 Does not define how Ot, Os, St or Ss analysis is 
conducted 

 Charges split in to Standard and Industrial 
tariffs, with an industrial tariff applicable to 
discharge to a single site of 100+ ML/y 

Northumbrian Water 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅 + 𝑉𝑉 + 𝐵𝐵𝐵𝐵 +
𝑂𝑂𝑂𝑂
𝑂𝑂𝑂𝑂

𝐵𝐵 +
𝑆𝑆𝑂𝑂
𝑆𝑆𝑂𝑂
𝑆𝑆 

 Formula includes additional component ‘Bv’ as 
the volumetric charge for biological treatment 

 Do not define whether trade effluent BOD or 
TSS adjust for pH 

Severn Trent  
 Formula not explicitly defined  Charges split into Standard (>9999 m3/y), 

Intermediate (10,000-49,999 m3/y) and Large 
(50,000+ m3/y) tariffs 

 ‘B’ and ‘S’ have units of £/kg 

 Includes factor for discharge to surface water 
sewer under a consent 

 Includes fixed annual charge 

Southern Water 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅 + 𝑉𝑉 +
𝑂𝑂𝑂𝑂
𝑂𝑂𝑂𝑂

𝐵𝐵 +
𝑆𝑆𝑂𝑂
𝑆𝑆𝑂𝑂
𝑆𝑆 + 𝑀𝑀 +

𝐴𝐴𝑂𝑂
𝐴𝐴𝑂𝑂

𝐴𝐴 

 Includes additional component ‘A’ to account 
for the cost to treat ammoniacal nitrogen in 
crude sewage of average strength (£/m3) 

 ‘At’ is the measurement of ammoniacal 
nitrogen in the trade effluent if greater than 
25 mg/L 

 ‘As’ is the ammoniacal nitrogen content of 
average strength crude sewage, 35 mg/L 

 ‘A’ has a value of zero for 2020/21 but 
expected to rise to 0.4545 £/m3 from 
2021/22 

 Includes additional component ‘M’ to account 
for cost of discharge through long sea outfall 
(£/m3) 

 Charges split in to Standard and Large User 
(100,000+ m3/y) tariffs 

 A standing charge is included with 7 bands, 
with the band used depending on the judged 
risk of the discharge. Low risk consent sites 
have only the first 3 bands 

 Ot is not defined as requiring pH adjustment 
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Company Formula used Significant differences 

 St is defined as pH adjusted to pH 6.5-8.5 

South West Water 
 Standard formula defined with 

exception of ‘M’ 
 Charges split into Standard (>50 ML/y), 

Intermediate (50-100 ML/y) and Large (100+ 
ML/y) tariffs, which affects ‘R’ 

 Includes additional components ‘M’ charge 
where effluent goes to seas outfall (£/m3) 

 Only R and M included if discharge to sea 
outfall 

 B is zero if discharge to primary treatment only 

Thames Water 
 Formula not explicitly defined  Charges split in to Standard and Large User 

with an added Large user charge applicable for 
bills over £100,782 

 Ammonia charge included per mg in excess of 
35 mg/L 

 Does not define how Ot, Os, St or Ss analysis is 
conducted 

 ‘B’ and ‘S’ have units of £/kg 

United Utilities 𝐶𝐶ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅 + 𝑉𝑉 + 𝐵𝐵1 + 𝐵𝐵2
𝑂𝑂𝑂𝑂
𝑂𝑂𝑂𝑂

+ 𝑆𝑆
𝑆𝑆𝑂𝑂
𝑆𝑆𝑂𝑂

 

 ‘B’ is split in to B1, the volumetric element of 
secondary treatment, and B2, all other costs 
associated with secondary treatment 

 In previous years (e.g. 2017/18) B1 was the 
capital cost associated with secondary 
treatment and B2 was all other secondary 
treatment cost 

Wessex Water 
 Formula not explicitly defined  Charges split into Standard (>24,999 m3/y), 

Intermediate (25,000-49,999 m3/y) and Large 
(50,000+ m3/y) tariffs 

 Includes an additional ‘B’ charge for 
discharges >80 ML/y 

 Does not define how Ot, Os, St or Ss analysis is 
conducted 

Yorkshire Water 
 Standard formula defined  Charges split into Standard (<50,000 m3/y), 

Intermediate (50,000-250,000 m3/y) and 
Large (50,000+ m3/y) tariffs 

This shows that there is variation between how companies charge for trade effluent. References to ‘the 
Mogden formula’ actually cover a variety of approaches based around an apportionment of a unit rate plus a 
number of other possible charges. We compare our preferred option with the companies’ current Mogden 
formulae in Appendix D. 
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4. Longlist of options for standardised method 

The interviews conducted with each company have confirmed that there are a variety of ways that liquor 
treatment can be charged. Further, methods that appear to be similar at first glance can differ considerably 
from each other once further details are revealed. To help manage the numerous combinations of potential 
methods, the approaches have been broken down into sections:  

 Costs in scope – the types of cost included in the assessment. 

 Charge determinants – the constituents that comprise liquor and drive cost. 

 Monitoring and analysis – how to measure. 

Additionally, we consider the implications of a taking cost allocation or transfer pricing approach. 

4.1 General approach 

4.1.1 Cost allocation or transfer pricing 

There are two possible approaches to this type of transaction between price controls: either cost allocation, 
which is an apportionment of the costs incurred by the principal user of the asset or service; or transfer 
pricing, which is an exchange of cash for services. Either could be used for the standard liquor cost method, 
because demand for the assets in question is shared by Network+ and Bioresources (favouring cost 
allocation, with Network+ being the principal user), but there is also a transfer of material across the price 
control boundary (favouring transfer pricing). 

A cost allocation approach would be primarily governed by RAG 2 and can be undertaken without reference 
to data outside of the company’s own assets and accounts. A transfer pricing approach would be governed by 
RAG 5, which is applicable to provision of services between price controls, and would require reference to 
market prices. The implication of this could be that companies’ trade effluent prices would be the appropriate 
basis for the cost of liquor treatment. Although we have undertaken this project with cost-reflectiveness and 
not consistency with other regulatory features as the starting point, we have considered the implications of 
the potential interactions with the Mogden formula in Section 7.1. In the same section we have also 
compared the costs calculated from various companies’ trade effluent tariffs and compared and contrasted 
liquor with trade effluent in general. 

We have not reached a settled opinion on whether cost allocation or transfer is the most appropriate 
approach as both are supported by the RAGs. If this issue cannot be clearly resolved we consider that this is 
an area for further consideration during a pilot or phased implementation of the standard method. 

The cost to treat liquor can be calculated in the following ways: 

 Based on market testing. 

 Annually calculated as an apportionment of total wastewater cost. The fraction would be calculated 
according to the relative strength of liquors compared with the strength of influent wastewater. This is 
similar to the Mogden formula approach. This would require separate calculation of capital costs. 

 Annually calculated from first principles using variables such as estimated energy demand, the price of 
energy, and so on. This would require separate calculation of capital costs. It would also leave the 
problem of how non-variable operational costs should be calculated. 

 Set at the same level for all companies depending on treatment type and permit. 

 Set at the same level for all companies as a flat rate per unit of volume/other determinant 

 A flat percentage of bioresources totex. 

 No charge. 
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Approach Benefits of use Problems with use 

Apportionment of 
wastewater cost 

 Makes use of existing opex 
information 

 Complies with RAG 2 

 Requires calculation of asset value 

 Relies on sampling 

First principles 
 (No clear benefits identified.)  Requires calculation of asset value 

and apportionment of non-variable 
opex  

 Requires modelling of energy and 
other costs for each site and likely to 
be inaccurate. 

 Relies on sampling 

 Difficult to show that all costs have 
been included  

Centrally set by 
treatment 
type/permit 

 Easy to use 

 Minimal opportunity for varying 
the charge to take advantage of 
differential cost sharing rates. 

 Cannot be shown to be cost reflective 

 Not compliant with RAGs 2 or 5 

Centrally set per unit 
determinant 

 Easy to use 

 Minimal opportunity for varying 
the charge to take advantage of 
differential cost sharing rates. 

 Cannot be shown to be cost reflective  

 Relies on sampling 

 Not compliant with RAG 2 

Flat percentage of 
bioresources totex 

 Easy to use 

 Minimal opportunity for varying 
the charge to take advantage of 
differential cost sharing rates. 

 Cannot be cost reflective 

 Not compliant with RAG 2 

No charge 
 Very easy to use 

 Minimal opportunity for varying 
the charge to take advantage of 
differential cost sharing rates. 

 Cannot be cost reflective 

 Not compliant with RAG 2 

In our opinion, a flat percentage and no charge cannot be cost-reflective. There is a cost to liquor treatment, 
and it has substantial variations between sites (see section 4.4.1). It also varies between companies due to 
variations in environmental permits (section B.3). The strength and volume of liquor also varies significantly 
between sites and processes as well as over time, including rapid (daily or more frequent) fluctuations due to 
operating practice, as well as longer fluctuations caused by the level of optimisation of the plant. 

Setting standard liquor costs as a flat rate for the industry using cohorts of sites defined by treatment type 
and permit could be appropriate, but we are not aware of any information which would tell us how cost-
reflective this is. Within such cohorts, other factors (such as the age and condition of the site, how it is 
operated and the characteristics of influent wastewater) make a material difference to the cost of treatment.  

We consider that of the remaining options, calculating liquor cost as a fraction of total wastewater treatment 
cost is the better option. We consider that it makes use of already-known information (the annual cost of 
wastewater treatment) and avoids problems trying to calculate items such as labour cost on an artificial basis. 
It will also require less new guidance. However, it would require estimation of the capital value of the 
wastewater treatment assets, as this needs to be included in long-run costs.  
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4.2 Cost categories in scope 

Costs in scope are those incurred by Network+ in its work to treat liquor returns from Bioresources. We note 
that dedicated liquor treatment plants are within the bioresources price control, and so their costs are outside 
of the scope of the standard method and this project. However, for the avoidance of doubt the liquors 
returned from them to Network+ would cross the price control boundary and therefore would be subject to 
the standard method. 

4.2.1 Options 

Several approaches can be used to identify cost categories in scope. 

Table 7 Liquor treatment costs in scope 

Costs in 
scope 

Benefits of use Problems with use Used by 
companies 

Marginal 
energy cost 
only 

 Straightforward for use with 
engineering parameters 

 Captures a lot of likely operational 
cost in one factor 

 Ignores other process costs, e.g. 
chemicals 

 Will appear cheaper than other 
approaches that include other 
relevant costs 

 Anticompetitive with 3rd parties that 
must incur other costs 

G 

Variable opex  Captures more cost than energy only 

 Remains a straightforward 
calculation  

 Ignores other non-process costs, e.g. 
overheads 

 Will appear cheaper than other 
approaches that include other 
relevant costs 

 Anticompetitive with 3rd parties that 
must incur other costs 

F, J 

Variable and 
fixed opex 

 Captures all operational cost 

 Most appropriate for unassured 
sludge trade costing 

 Can be calculated from annual 
performance reports 

 

 Will appear cheaper than other 
approaches that include capital costs 

 Anticompetitive with 3rd parties that 
must incur capital costs if used for 
guaranteed-capacity sludge trade 
costing 

 Possibly difficult to apportion these 
costs correctly 

B, D 

Opex and 
apportionment 
of annualised 
capex 

 Offers a good representation of costs 

 Reasonably includes costs incurred 
by 3rd parties to give a level playing 
field (including capital maintenance 
and cost of finance) 

 Most reliable to inform decisions e.g. 
whether to build liquor treatment 
plants 

 Less straightforward to calculate, will 
need care to be implemented 

 Older assets still in use may have 
already been fully depreciated 

A 
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Costs in 
scope 

Benefits of use Problems with use Used by 
companies 

Opex, 
overheads  
and 
apportionment 
of annualised 
capex 

 Most comprehensive representation 
of costs 

 Not straightforward to calculate 

 May include costs reasonably outside 
of bioresources boundary, making 
treatment appear expensive 

E (based on 
spend in 
year), H 
(based on 
depreciation) 

4.2.2 Evaluation 

For short-run liquor treatment costs, variable opex is the appropriate measure. However, the liquor charge 
between Network+ and Bioresources should be calculated based on the long-run cost. 

Long-run costs include those which a third party would reasonably expect to face if providing an equivalent 
service. This includes capital and overhead costs, as well as fixed opex. It is our opinion that: 

 Capital costs for all Network+ assets at and downstream of the point of liquor returns should be 
considered in scope and should be considered at the site level, based on depreciation. The alterative to 
this (as used by company E) is to apportion costs in the year they are incurred. This would cause large 
annual variations in the liquor charge, which we view as undesirable.  

 Capital costs and depreciation could be determined from a modern equivalent asset valuation, either 
done by each company individually or estimated based on a smaller set of template modern equivalent 
sites created for industry use. Alternatively, they could be determined from historic capital spend 
records. 

 We consider that the depreciation state of assets should be accounted for in the same way as the 
Bioresources RCV allocation, because this is in effect an extension of the same exercise. This means that 
economic depreciation should be applied and the asset charge should be based on the net MEAV. 

 Capital costs should be apportioned by the determinant(s) which most closely reflect those the asset is 
designed to treat. 

 It is reasonable to include the cost of borrowing as part of the capital costs. This is consistent with RAG 2. 
This could be calculated as the annualised capital cost multiplied by the company’s gearing, multiplied 
by the weighted average cost of capital. This should be applied to the net MEAV as apportioned to the 
liquor treatment fraction of the wastewater assets. 

4.2.3 Consideration of overheads 

Some companies were concerned that including overhead costs in the liquor cost could distort trade prices. 
This could occur when corporate overheads are charged to bioresources budgets at a flat rate, or at a rate not 
related to sludge treated indigenously. In these instances, a company exporting sludge would continue to 
face the same level of overheads, while incurring overheads from the importing company through the gate 
fee. 

When a company exports sludge, it is also exporting the liquor that it will produce. The liquor will be treated 
by the importing company’s wastewater operation, and a fraction of overheads will be charged back to the 
importing company’s bioresources operation, which will charge them back to the exporting company.  

For clarity, we would expect corporate overheads to include the following, amongst others: 

 Insurance 

 Office costs 

 Human resources 
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 Branding and public relations 

 Recruitment 

 Training 

 Senior management and leadership 

 Subscriptions 

 Research and innovation 

 Accountancy and audit 

 Legal counsel 

 Corporate strategy and planning 

 Operating licences 

We consider that although overhead costs are not directly attributable to liquor treatment in the same way as 
(for example) power costs, it would not be possible to carry on the activity without them. Therefore, corporate 
overheads should be allocated to each site on a reasonable basis (such as headcount), and that site allocation 
should be included in the wastewater treatment cost. 

We also consider that it is reasonable to include these costs because the bioresources allowed revenue 
includes them, and not including them in the liquor charge would create an imbalance in charging. 

4.3 Charge determinants 

There are several constituents of wastewater which could be used as charge determinants, either individually 
or in combination. This section considers the context for these before explaining each in turn. 

4.3.1 Consideration of wastewater treatment 

There are several constituents of wastewater which drive cost. 

Where liquors are returned to primary treatment or upstream of it, the following processes take place: 

 Phosphorous could be removed using chemical dosing (though as we explain in B.7, we do not consider 
chemically-dosed solids likely to dissolve back into solution following sludge treatment. However, there 
is some dispute about this); 

 Settleable solids could be settled out in primary treatment, which is sized using volume of flow. If liquors 
are returned to secondary or tertiary treatment, this is not the case; 

 BOD is treated through secondary treatment, producing ammonia; 

 Ammonia could be treated through secondary treatment; 

 Phosphorous could be treated through chemical dosing or biological treatment;  

 Tertiary treatment could be applied to filter out solids (including particulate or colloidal P), reduce 
pathogen counts, polish ammonia, or destroy other chemical impurities; 

 Odour control could be used to capture odour-causing airborne emissions. 

From this analysis it is apparent that: 

 Any BOD or phosphorous which can be settled in primary treatment will not cause cost to be incurred in 
secondary or tertiary treatment. 

 Ammonia and phosphorous only cause cost to be incurred if they are treated, which is not always the 
case because some sites treat only BOD and suspended solids. 
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However, not all sites return liquors to primary treatment. Some return liquors to secondary or tertiary 
treatment. In these cases, the settleability of the solids is not material, and the BOD and ammonia loads are 
more so. 

4.3.2 Alkalinity 

Nitrification is a subprocess of secondary wastewater treatment, occurring as part of the reactions that 
neutralise BOD-causing materials. The process of nitrification generates acidic hydrogen ions (Equation 2), 
consuming alkalinity to maintain pH (Equation 3): 

Equation 2     𝑁𝑁𝑁𝑁4+ + 2𝑂𝑂2 → 𝑁𝑁𝑂𝑂3− + 2𝑁𝑁+ + 𝑁𝑁2𝑂𝑂 

Equation 3     𝑁𝑁𝑁𝑁4+ + 2𝑁𝑁𝐶𝐶𝑂𝑂3− + 2𝑂𝑂2 → 𝑁𝑁𝑂𝑂3− + 2𝐶𝐶𝑂𝑂2 + 3𝑁𝑁2𝑂𝑂 

Where ammonia concentration is greater than the residual alkalinity available during secondary treatment, a 
chemical (such as calcium oxide or sodium hydroxide) is added to raise the pH and maintain normal 
biological function. Since liquors can account for a significant proportion of ammonia load it is reasonable 
that a portion of the chemical cost for added alkalinity is attributable to Bioresources. 

However, liquors can also provide alkalinity, particularly digestate liquors that contain bicarbonate from the 
breakdown of proteins during digestion. Approximately 7.14 kg of alkalinity as calcium carbonate (CaCO3) is 
required to maintain pH during the nitrification of 1 kg of ammonia. Therefore, arguably, Bioresources is 
accountable for the apportioned cost of alkalinity load dosed minus the alkalinity load provided by liquors.  

4.3.3 Ammonia 

Ammonia is a product of the treatment of protein, which is one of the materials which give rise to BOD. It 
exists in sewage influent and can be generated by breakdown of BOD in secondary treatment and in 
digestors. 

Where there are ammonia consents at sites with an activated secondary process, ammonia accounts for a 
significant proportion of aeration energy. We explore this further in section 5.1.3. Around 67% of flow at 
bioresources sites across all companies is subject to the strictest band of ammonia consent (see section B.7). 
Meanwhile, the ammonia content of digestate liquors can account for around 25% of a site’s total ammonia 
load, with the highest concentrations arising from hydrolysed sludges and where sludge feeds comprise high 
proportions of surplus activated sludge. 

4.3.4 BOD and COD 

Biochemical Oxygen Demand (BOD) is a measure of the biological pollution of wastewater. It shows the 
potential of wastewater to feed biological wastewater treatment processes and consume oxygen. BOD can be 
thought of as a subset of Chemical Oxygen Demand (COD), which is a measure of chemical oxidation 
potential of wastewater. BOD is usually less than COD and is never greater than it, because biological 
treatment processes can only oxidise some of the material which chemical processes can. The ratio between 
measured BOD and COD varies with different wastewaters, bacterial populations and environmental 
conditions, although most companies have an established ratio for each site.  

COD material can be converted to BOD material through certain processes, notably hydrolysis, which releases 
organic matter that was previously inaccessible to biological treatment. However, we are not aware of any 
processes in the wastewater (Network+) treatment train which treat COD or convert it into BOD. 

BOD measurements are used to determine the size of wastewater treatment works and are a direct reflection 
of the oxygen demand of the treatment process in use. BOD and COD testing differ in that the COD test is 
rapid but the BOD test takes five days. Although there are online monitors for BOD and COD, these are not 
widely used in the wastewater treatment and we understand from our conversations with the industry that 
operating them is not straightforward. 
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Treatment of BOD material can create ammonia, if the BOD material contains protein. This means that the 
BOD test might not give the true oxygen demand potential of wastewater where there is an ammonia 
discharge limit, because the ammonia produced will also require oxygen. 

4.3.5 Emerging contaminants 

Emerging contaminants are potentially harmful substances which are present in wastewater and are not 
treated by installed processes, but which could require treatment in future. We do not count them as charge 
determinants because there is no cost currently associated with their presence in wastewater. If they require 
treatment in future, they should become charge determinants. 

4.3.6 Hydrogen sulphide and odours 

Hydrogen sulphide and odours are treated on some sites. If treatment is undertaken as a result of liquor 
returns, a cost will be incurred. 

4.3.7 Phosphorus 

Phosphorus is not included as one 
of the suggested determinants 
within the RAG 2.07 document, 
however the potential for the return 
of large quantities of phosphorus in 
liquors is known and likely to 
become of increasing importance 
through WINEP. We have 
considered phosphorus below and 
found it to be complex. 

Phosphorus at Sewage Treatment 
Works (STWs) is treated primarily by chemical dosing, e.g. of iron, or biologically by Enhanced Biological 
Phosphorus Removal (EBPR). Both approaches primarily target the form of phosphorus known as Ortho P, 
because this is freely soluble in water, chemically reactive and bioavailable to Phosphorus Accumulating 
Organisms (PAOs). Therefore, when considering the return of phosphorus load in liquors from Bioresources, 
we regard Ortho P to be most significant because this will incur additional cost to Network+ (e.g. through 
further chemical consumption). Around three quarters of treated P is chemically dosed, with the remainder 
subject to EBPR 4. However, based on PR19 data, only around a third of the industry’s sludge is subject to 
chemical P treatment. We presume the remainder is either treated by EBPR or untreated for P.  

Broadly, we expect that chemically dosed P will remain bound, e.g. with iron, during sludge treatment, and so 
won’t consume further chemical. Further, the majority of this phosphorus will likely re-settle out in primary 
sedimentation if returned in digestate liquor, without adding cost (primary treatment is sized on volume). In 
this case, its inclusion within a liquor charge would be undesirable as it would generate circular charging 
between the price controls. However, we do expect Bioresources to return a substantial quantity of Ortho P at 
sites collocated with EBPR processes, as polyphosphates generated by PAOs are broken down to Ortho P by 
hydrolysis and digestion.  

For example, Figure 3 shows a stark difference in the ratio of Ortho P to Total P in digestate liquors at an iron 
dosing site (Henriksdal WWTP 5) and an EBPR collocated site (Slough STW) relative to crude sewage influent. 
Here, we expect that only the digestate liquor generated at the EBPR collocated site will return an 
appreciable amount of Ortho P and therefore cost back to Network+. 

 
4 Cooper (2014) PhD Thesis, University of Birmingham 
5 Mbamba et al. (2019) Water Research, 155, 12-25 



Setting a standardised methodology for quantifying the cost of 
sludge liquor treatment in the water industry 

 

 

 
B2399400.R.1 28 

 

Figure 3. Ratio of Ortho P over Total P in different digestate liquors relative to that of crude sewage 

We can continue to use Ortho P/Total P ratio to indicate where we expect Bioresources might pass 
appreciable cost on to Network+. This is summarised for different sludges and liquors in Table 8. 

Table 8. Influence of Bioresources processes on Ortho P/Total P ratio for different sludges 

 Will Ortho P/Total P ratio increase relative to 
crude influent? 

 

 Primary 
thickening/ 
dewatering 

Secondary 
thickening/ 
dewatering 

Digestate 
dewatering 

Comment 

Primary sludge (with 
chemical dosing)  

No N/a No P remains bound to 
iron after digestion 

Primary sludge (no 
chemical dosing) 

No N/a Possible P can bind to excess 
iron during digestion 

Surplus Activated 
Sludge (chemical 
dosing) 

N/a No No P remains bound to 
iron after digestion 

Surplus Activated 
Sludge (EBPR) 

N/a No Yes Assuming not mixed 
with sludge containing 
excess iron 

We do not expect thickening or dewatering of raw sludge to appreciably increase Ortho P/Total P in the 
resulting liquors, as supported by the phosphorus flows at Slough STW. Its inclusion within a liquor charge is 
therefore undesirable, in this case, due to circular charging.  

Of the two thirds of the industry’s sludge that is not chemically treated for P, a large proportion will be 
primary sludge. Plausibly digestion could convert P in this sludge into Ortho P in the digestate liquor. 
However, this P can still become bound to iron if the digester is also fed with chemically treated sludge. This 
is because iron (Fe) is often dosed in a molar excess, with an Fe:P ratio of 2 common 6 and up to 3.5 not 
unheard of 7. Studies have shown that when the Fe:P ratio of a digester is above 1.5, 70-90% of P becomes 

 
6 Carliell-Marquet et al. (2010) Proceedings of the Institute of Chemical Engineers, Issue WM2, 65-77. 
7 Fosten (2010) IET Magazine March/April 



Setting a standardised methodology for quantifying the cost of 
sludge liquor treatment in the water industry 

 

 

 
B2399400.R.1 29 

bound within the iron mineral vivianite 8. This means excess iron in digesters can ‘mop up’ P from sludges 
even if they have not undergone direct chemical treatment, binding the P in vivianite and preventing free 
Ortho P in the digestate liquor.  

The quantity of iron dosed at a given STW and the quantity of sludge not treated for P that is fed to 
collocated Bioresources will be site specific, so we cannot be definitive around how these contribute to Ortho 
P loads in digestate liquors. However, we still expect the digestate liquors at EBPR collocated plants to be the 
major route that Bioresources can pass added cost on to Network+ for P treatment, which is a relatively small 
proportion of returned phosphorus. 

Further consideration may be needed where sludges indigenous to STWs with no numerical P consent are 
exported to Bioresources collocated to STWs with strict P consents. This is because Network+ will likely incur 
added cost to meet a stricter consent. We expect the opportunity for this to be small because only around 5% 
of flows at sites co-located with Bioresources are expected to fall under the strictest P consent, when the 
Environment Agency’s data around proposed P consents through the Water Industry National Environmental 
Programme (WINEP) 9 is included (see Section B.7).  

The majority of flow is not subject to a numerical P consent, assumedly falling under the 80% removal 
requirement of the Urban Wastewater Treatment Directive. We don’t consider that the P transported within 
sludge between these sites is likely to transfer appreciable cost between price controls, when considered at 
the company level, because the P originating in the crude influent of one Network+ site is merely treated to a 
comparable level at another Network+ site, assuming the collocated Bioresources processes do not increase 
Ortho P/Total P.  

An exception could be where sludge is traded between companies, which will increase the absolute amount 
of phosphorus transferred from Bioresources to Network+ within the receiving company. There is currently 
limited sludge trading, so we expect the quantity of this phosphorus to be small for now. This will increase in 
the future as the sludge market develops, but only where trades are economic, so we do not yet know how 
significant this will be. We still foresee that this will be a problem only in sludges that haven’t been chemically 
treated for P and where the Fe:P ratio in digesters is below 1.5. 

4.3.8 Solids (excluding grit and larger solids) 

Wastewater solids are the medium through which much other contamination is carried. Solids may be 
dissolved, but if not then they are either settleable after a certain period or not. Solids are typically measured 
by drying a sample at 105°C and weighing the residual matter. 

4.3.9 Volume 

Wastewater volume influences the size of treatment processes, in particular primary treatment. It can be 
determined through mass balances, metering or batch process cycles. It includes water and all the other 
substances in wastewater. 

We expect the volume associated with returned liquors to be small relative to the mainstream flow and 
therefore unlikely to result in the transfer of material cost when returned to Network+. For example, the 
largest combined flow of raw and digestate liquors recorded by Kleemann (2015) was 1692 m3/d, which is 
within the range of fluctuation in mainstream flow (without liquor return) of ±1771 m3/d. 

On the other hand, increased volume sent from Network+ can significantly influence the volume of liquor 
generated by Bioresources. Plausibly in this case, charging for volume could promote inefficient behaviours 
by providing a route for shifting cost between price controls.  

 
8 Wilfert et al. (2018) Water Research, 144, 312-321 
9 https://data.gov.uk/dataset/a1b25bcb-9d42-4227-9b3a-34782763f0c0/water-industry-national-environment-programme 
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4.3.10 Summary and evaluation of determinants 

Determinant Where costs are incurred Benefits of use as a 
determinant 

Problems with use as a determinant Jacobs opinion 

Alkalinity Secondary treatment Alkalinity dosing cost can be material at 
some sites 

Might be site specific 

Difficult to apportion since liquors can also 
provide alkalinity 

Should not be included as a cost determinant 
due to difficulty in apportionment. 

Ammonia Aeration One of the principle cost elements for 
digestate liquors 

Large portion of cost captured in single 
liquor constituent 

Majority of flows fall under tight 
ammonia consents 

Can easily be used as a determinant with 
BOD. 

Ammonia from liquors could be under-
represented if N is converted to ammonia after 
testing 

Ammonia levels can fluctuate depending on 
digester operation 

Requires manual sampling 

Should be included as a cost determinant. 

BOD Primary settlement 

Aeration 

Accurate reflection of biological 
treatment oxygen demand 

Can easily be used as a determinant with 
ammonia 

Need care to define test parameters (e.g. total or 
settled) 

Requires manual sampling 

Should be included as a cost determinant. 

COD Primary settlement 

Aeration 

Quick test Need care to define test parameters (e.g. total or 
settled) 

Approximation to biological treatment oxygen 
demand 

Requires manual sampling 

Should not be included as a cost determinant. 

Emerging 
contaminants 

None Not applicable Not applicable Should not be included as a cost determinant at 
present.  

Hydrogen sulphide 
and odours 

Odour treatment 

Chemical dosing 

Can help capture cost associated with 
odour abatement 

Might be difficult to attribute odour sources and 
apportion cost  

Should not be included as a cost determinant 
due to difficulty in apportionment. 

Phosphorus Chemical dosing 

Sludge pumping (recirculation in 
EBPR, struvite deposition) 

Tertiary treatment 

P emissions in effluent will impact 
WINEP obligations 

P returns can be significant if bio-P 
treatments on site 

Large proportion of flows have no P consent 

Needs care to only include P that progresses to 
secondary treatment (e.g. soluble P) to avoid 
circular charges 

Could be included. For further consideration at 
shortlisting stage. 
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Determinant Where costs are incurred Benefits of use as a 
determinant 

Problems with use as a determinant Jacobs opinion 

Can capture a significant amount of cost 
associated with chemical dosing 

Requires manual sampling 

Solids Primary settlement 

Secondary clarification 

Solids are made up of many of the other 
constituents (e.g. BOD, suspended P) 

Can be monitored online 

Drives sludge treatment cost 

Difficult to distinguish from BOD 

Inclusion could drive circular charges 

Could be included. For further consideration at 
shortlisting stage. 

Volume Primary settlement Captures the cost of primary treatment 
in single parameter 

Can be calculated from existing data or 
monitored online 

Does not drive most costs 

Volume of liquors compared to wastewater 
influent volume is small 

Network+ has complete control over how much 
flow it sends to bioresources and could use this 
to vary the liquor cost. 

Should not be used as a cost determinant 
because of the potential for manipulation and 
the inconsequence of liquor volumes compared 
to wastewater influent. 
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4.4 Liquor strength quantification options 

The standard method will rely on a comparison of liquor strength between influent wastewater and liquors. In 
this section, we evaluate the various options. 

There are at least five potential options that the industry could adopt for the sampling of liquors to 
determine their strength (Table 9). 

Table 9. List of options for sampling to quantify liquor strength 

Option Advantages Disadvantages 

Centrally set values 

Representative values calculated from 
sampling in shared research or from 
engineering estimates 

Simple to apply 

Uniform application across companies 

Minimal ongoing cost after initial 
sampling 

Requires periodic updating 

Won’t account for site level variations in 
process performance 

Needs industry research project 

Regular sampling.  

Continuous sampling at regular intervals 
to gain representative yearly average for 
all liquors 

Robust dataset produced 

Can create rolling average for long-term 
stability 

Construction of access points at many 
sites 

Production of dataset could be slow 

Requires decision on how frequently 
samples should be taken 

Dynamic sampling 

Intensive sampling for statistically robust 
yearly average strength for all liquors, 
followed by reduced sampling for 
monitoring e.g. to ensure 90% likelihood 
within 10% of established average 

Robust dataset produced Requires a large number of samples in 
the first year 

Construction of access points at many 
sites 

Baseline must be recalculated if the site 
configuration changes 

Slightly complex, requires calculation of 
statistical significance 

Requires decision on appropriate 
accuracy levels 

Dynamic sampling with estimated 
backfill 

As above but applied only to some site 
selected to be representative. E.g. if half 
of treatment and half of dewatering sites 
are sampled. 

Robust dataset produced for some sites 

Reduced cost compared to full dynamic 
sampling 

Requires a large number of samples in 
the first year 

Construction of access points at some 
sites 

Baseline must be recalculated if the site 
configuration changes 

Slightly complex, requires calculation of 
statistical significance 

Unclear how sites will be nominated as 
representative of other sites 

Dynamic sampling with shared baseline 

Combines centrally-set values with 
dynamic sampling for each company. In 
the first year a shared, industry wide 
baseline is produced. Subsequent 
sampling continues at reduced rate and 
used to modify industry baseline 

Robust dataset produced 

Reduced cost compared to full dynamic 
sampling 

Makes some account for variations 
between companies and sites 

Reduces effects of variations between 
companies 

Requires a large number of samples in 
the first year 

Construction of access points at many 
sites 

Needs industry research project 

Unclear whether variability between 
companies will yield a useful baseline 
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4.4.1 Variability in liquor strength and volume 

The strength of liquors is highly variable. Variability in 
liquor strength and volume can arise from: 

 The processes in Network+, e.g. biological 
removal or chemical dosing of phosphorus. 

 The processes in Bioresources, e.g. absence or 
presence of pre-treatments, digester instability, 
solids retention during dewatering. 

 The ratio of primary and surplus activated sludge 
treated. 

 The level of optimisation of centrifuges, thickeners or presses. 

 The presence of buffer or storage tanks and the retention time. 

 Digester performance. 

 Variation in the amount of water sent to Bioresources from Network+. 

Several companies identified a common reference material to provide parameters for their estimation 10. 
However, engineering estimates provide a range of values that could lead to inaccuracies if used to estimate 
the strength of liquor. 

The data in Figure 4 provides a sense of the loads to be expected in liquors, but these are just a snapshot of 
liquor composition for these specific sites. Liquor composition will vary over time and between sites. We 
therefore suggest that liquor will need to be characterised on the basis of sampling, rather than sole reliance 
upon estimates from engineering parameters. 

Using ammonia as an example, we can demonstrate the margin of error in the estimation of ammonia in 
combined raw and digestate liquors using engineering parameters, relative to the average combined 
concentrations measured at Chertsey STW as referenced in Table 3 (Figure 4). Estimates were made on a 
mass balance using assumptions detailed in Appendix C. One important assumption was a 50:50 ratio of 
primary and surplus activated sludges in the raw feed. This was done for simplicity, although we recognise 
different sites will have different ratios that is likely to add further variability to ammonia content in liquors. 

The variation in the estimation of ammonia content is significant. For example, the lower estimate was 
around two thirds below Chertsey STW, while the upper estimate was almost double this value. On this 
occasion the typical estimate was reasonably close to the measured value, although this can be considered 
fortunate given the number of assumptions used in the calculation.  

 
10  Metcalf and Eddy, Wastewater Engineering Treatment and Resource Recovery, Fifth Edition 
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Figure 4. Ammonia estimated in combined raw and digestate liquors relative to Chertsey STW 

Inaccuracies in the estimation of ammonia in liquors become a problem when we determine the cost to treat 
sludge, for example when considering a sludge trade. This is because we cannot be sure whether a trade is 
genuinely efficient (or inefficient) or whether ammonia load is being under (or over) estimated. 

To illustrate, cost modelling performed for Ofwat 11 confirms ammonia treatment costs can span orders of 
magnitude (Table 10). Although absolute values are outdated, this shows that costs in the range of 0.1-10 
£/kg are realistic at population equivalents compatible with Bioresources co-located sites. 

Table 10. Equivalent Annual Cost for ammonia removal at 19 sites ≥150,000 PE (£/kg removed) 

Mean Median Lower quartile Upper quartile Minimum Maximum 

2.1 1.6 0.9 3.6 0.2 6 

We can plot the range of ammonia load estimates and the range of ammonia treatment costs as a proportion 
of the average industry Totex to treat sludge, a value analogous to the gate fee that will be used in sludge 
trading (Figure 5). 

 
11 Oxera (2006) What is the cost of reducing ammonia, nitrates and BOD in sewage treatment works effluent? 
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Figure 5. Estimated average cost to remove ammonia as a % of Totex for sludge treatment (average across all 
companies) for lower, typical and upper estimates of ammonia returned in liquors. 

This chart demonstrates: 

 Liquors characterised exclusively by estimation show highly variable contributions to the overall gate fee 
charged for sludge trades, particularly at less cost-efficient wastewater treatment sites. 

 The margin for error in estimates of liquor composition is large enough to mask true liquor treatment 
cost, across orders of magnitude of cost to treat ammonia. 

For example, ammonia costs to treat at sites represented by blocks F and G in Figure 5 work out at about 
6.1% and 4.3% of the industry average Totex to treat sludge, respectively. Although sites in block F are more 
efficient at treating ammonia, this is masked by the margin of error in estimation of ammonia load, making 
sites in block G appear more cost efficient. 

We conclude that direct sampling of liquors will be necessary to ensure that the standard method is cost 
representative.  

4.4.2 Sampling options 

Sampling can be undertaken in the following ways. 

Table 11 Liquor sampling options 

Liquor analysis Advantages Disadvantages 

Measured using in-line telemetry Low marginal cost for each test 

Produces comprehensive dataset 

BOD cannot be measured inline 

Costly to install 

Inaccurate for ammonia and 
suspended solids 

Measured by routine sampling Produces comprehensive dataset High cost for each sample 

Some liquor returns are inaccessible 

Some liquor returns vary in strength 
through the day 

Some liquor returns have no flow at 
certain times 
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Liquor analysis Advantages Disadvantages 

Measured by reactive sampling  Produces no additional cost 

Gives some evidence for estimation 
methods 

Typically used when sites develop a 
problem, and therefore not 
representative 

Number of samples could be 
insufficient to be representative 

Estimated based on engineering 
parameters for the processes used 

Inexpensive 

Fast 

Representative of typical 
performance 

Ensures uniformity of practice 

Cannot be shown to reflect true cost 
of operation on each site 

Could mask inefficiency or fail to 
reward efficiency 

Engineering parameters can be 
idealised, have unknown provenance 
or be founded on limited research 

Estimated by process based on 
exemplar sites 

Reduces cost of sampling 

Provides some company-specific 
information 

Open to selection of sites known to 
have low strength liquor returns 

Cannot be shown to reflect true cost 
of operation on each site 

Could mask inefficiency or fail to 
reward efficiency 

Estimated based on other 
parameters 

Could use existing operational data 
such as dissolved oxygen, pH and 
suspended solids to estimate liquor 
strength  

Likely to require complex ‘digital 
twin’ modelling 

Although using engineering estimates or a cohort approach to group sites would lower cost of sampling, it is 
unclear if they can be representative at the site level. This is because we don’t know which variables, if any, 
are the primary contributors to liquor composition.  

For example, we might group sites using thermal hydrolysis pre-treatment, expecting they will have high 
levels of ammonia in digestate liquor. But the ammonia concentrations in liquor at Welsh Water’s Cardiff Bay 
THP site (2200-3300 mg/L) are much higher than Anglian Water’s THP site at Whitlingham (1382 mg/L) 12. 
This is because the higher proportion of surplus activated sludge fed to the THP at Cardiff Bay (100%) 
resulting in more nitrogen being fed to the process, even though both sites use THP. This is mirrored in the 
ammonia concentration in digestate liquors across seven THP sites 13.  

Categorising sites in this way and selecting representative examples could quickly become unfeasible if many 
individual sites are unique enough to require their own category. 

Using a similar argument, we can question the usefulness of a shared baseline within a cross-company 
approach. Treatment centres for different companies will treat a variety of indigenous and imported sludges 
that will impact the liquor. This is because imported sludge could contain different ratios of primary and 
activated sludges to indigenous sludge. For example, around 88% of Thames Water’s sludge is treated 
indigenously at co-located sites, while around 72% of Anglian Water’s sludge is exported to Bioresources 
(based on PR19 data). 

Plausibly, this will create a shared baseline that is too ‘fuzzy’ to be useful. There are many unknowns for both 
of these options that would require further work. However, this work could outweigh any benefit to reducing 
the demands on sampling, at least in the short term. 

Therefore, we consider that sampling each site is the only cost-representative option. 

 
12 Edgington (2012) 17th European Biosolids and Organic Resources Conference. 
13 Higgins (2011) Proceedings of the 11th IWA Large Wastewater Treatment Plant Conference, Budapest. 
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4.4.3 Types of site to be sampled 

Companies operate two types of bioresources site: dewatering sites and treatment sites. Dewatering sites 
tend to produce liquors with high BOD but little ammonia. Treatment sites are more complex, and usually 
have pre-digestion and post-digestion dewatering. Pre-digestion liquors tend to have high BOD, while post-
digestion liquors tend to have high BOD and high ammonia. In addition, treatment sites tend to have the 
largest co-located wastewater works (because it makes sense to build sludge treatment centres so as to do as 
little transport as possible). 

Our analysis shows that the difference in total liquor production between treatment and dewatering sites is 
not likely to be significant enough to warrant taking a different approach for each type of site. For example, 
liquors generated from thickening and dewatering a mixture of primary and surplus activated sludge (SAS) 
are expected to account for 69-75% of total liquor volume, compared to 25-31% for digestate liquors (Table 
12). These are calculated based on engineering parameters in Metcalf and Eddy. Their derivation can be 
found in Appendix C. 

Table 12. Liquor volume estimates (m3) from 1 dry tonne raw sludge using engineering parameters. 

 Thickening 
(primary + SAS) 

Raw dewatering 
(primary + SAS) 

Digestate 
dewatering 

Total volume 

Lower estimate 11.4 10 7.3 28.7 

Upper estimate 16.3 20.1 16.3 52.7 

The proportion of raw and digestate liquor volumes calculated in our analysis (25-31% of total volume as 
digestate liquor) corresponds reasonably to observations at Chertsey and Slough STWs, where digestate 
liquor volumes averaged 28% and 44% of total liquor volumes respectively. These real examples highlight 
the impact of sludge imports upon the ratio of raw and digestate liquor volumes, which will be site specific 
and possibly variable. 

4.4.4 Volume 

Volume of liquors can be estimated based on the volume or weight of dry solids content of raw cake and 
biosolids generated during dewatering. These are routinely analysed to monitor quantities transferred into 
Bioresources assets, the function of the dewatering technology (e.g. centrifuge), and, in the case of biosolids 
to land, for compliance with the Sludge Use in Agriculture Regulations and the Biosolids Assurance Scheme.  

The volume of liquors from transported and indigenous liquids and transported cake can be estimated using 
sludge logging information in accordance with the requirements of the Bioresources price control. 
Companies are currently reporting sludge dry tonnage on the basis of this monitoring, so it is a simple 
calculation to obtain the volume of the liquors from the same data. It may be appropriate to increase the 
frequency of suspended solids sampling to promote accuracy. 

Potential errors in liquor flow calculations could emerge during cake storage, where exposure to rainfall 
could generate runoff that is captured and returned to the head of the works. This runoff could be considered 
analogous to liquor but would not be included by the mass balance calculation during dewatering. 

It is our opinion that the contribution of this to the overall liquor will be very minimal. For example, Chertsey 
STW has capacity to process 8000 dry tonnes of sludge each year. Assuming at any one time the entirety of 
this capacity is present on site as 25% DS raw cake and 1 wet tonne of raw cake occupies 1 m3, this will 
occupy an area of around 1008 m2. Assuming an average rainfall of 1154 mm per year this would generate 
around 3.2 m3 of runoff per day, or about 0.5% of Chertsey STW’s reported daily raw liquor flow. This 
demonstrates that even a generous estimate will not contribute significantly to overall liquor flows. 
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4.4.5 Quantification of volume 

Volume can be quantified as follows.  

Table 13 Liquor volume quantification 

Quantification 
method 

Advantages Disadvantages Jacobs’ opinion 

Metered in-line Can be highly accurate 

Produces minute-by-minute flow 
data 

Costly to install 

Requires regular maintenance and 
calibration to remain accurate 

Unsuitable for aerated centrate 
returns 

Produces far more data than 
required for calculating liquor 
charge 

Can be used if already in place and 
certified. Not suitable for use if 
uncertified. We recommend they 
are not used due to the difference 
in methodologies this would 
introduce. 

Estimated by mass 
balance from data 
(e.g. weighbridges 
and sludge 
loggers) 

Uses existing instrumentation 

Calculations are simple 

Assumes that sludge movement 
information is accurate 

Preferred option for quantification 
of volume. 

Estimated by mass 
balance from PE 
served 

Uses existing data 

Calculations are simple 

PE is known to be an inaccurate 
means to estimate quantity of 
sludge and therefore liquor volume 

Appropriate only where estimation 
by mass balance is not possible. 
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5. Shortlist of methods 

5.1 Charge calculation options 

There are several determinants which could be used either on their own or together. In this section, we show 
how the liquor cost can be calculated using various combinations of determinants. We have taken a modular 
approach, and the ‘module’ for each determinant can be added to the others to reach a more representative 
cost.  

5.1.1 BOD only 

BOD is sampled at both the head of the works and on the liquor return(s) and tested after one hour of 
quiescent settling. The equation is: 

𝐶𝐶 = 𝑊𝑊
𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙𝑉𝑉
𝐵𝐵𝑂𝑂𝐵𝐵ℎ𝐼𝐼

 

Where: 

> C is liquor cost 

> W is the total wastewater cost in scope. Refer to Section 5.2 for more information. 

> BODl is the weighted average BOD on the liquor return(s) 

> BODh is the BOD at the head of the works (crude sewage pre-liquor returns) 

> V is the total liquor volume returned 

> I is the wastewater influent volume excluding liquors 

5.1.2 Ammonia only 

Ammonia is sampled at both the head of the works and on the liquor return(s) and tested after one hour of 
quiescent settling. The equation is: 

𝐶𝐶 = 𝑊𝑊
𝐴𝐴𝑙𝑙𝑉𝑉
𝐴𝐴ℎ𝐼𝐼

 

Where: 

> Al is the weighted average ammonia concentration on the liquor return(s) 

> Ah is the ammonia concentration at the head of the works (crude sewage pre-liquor returns) 

5.1.3 BOD and ammonia 

Treatment of both BOD and ammonia primarily requires oxygen, and secondary treatment is typically 
designed to deliver oxygen to the treatment process as efficiently as possible. This gives a possible way to 
combine BOD and ammonia into a total liquor strength for secondary treatment.  

If it is assumed that the principle cost associated with the return of BOD and ammonia loads is for aeration in 
secondary treatment, then it may be useful to understand the relative contributions of these components to 
the added aeration cost.  Assuming the oxygen transfer characteristics of the process is identical for BOD and 
ammonia, then a reasonable assessment of this quantity of oxygen needed to neutralise each component can 
be made from first principles. The theoretical amount of oxygen needed to convert ammonia to nitrate is well 
understood: 
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 Equation 4      𝑁𝑁𝑁𝑁4+ + 2𝑂𝑂2 → 𝑁𝑁𝑂𝑂3− + 𝑁𝑁+ + 𝑁𝑁2𝑂𝑂 

This corresponds to 4.57mg O2 consumed for every mg of ammoniacal nitrogen converted to nitrate.  

The output of the BOD test itself provides the oxygen consumption, in mg/L. In theory, this oxygen 
consumption exclusively relates to the carbonaceous portion of organic content, although conversion of 
ammonia to nitrate also consumes oxygen. While nitrifying bacteria are slow growing, it is plausible that 
nitrifiers could be introduced within the liquor itself and interfere with the result. This will be less likely for 
digestate liquor, but liquors generated by dewatering waste activated sludge could contain sufficient nitrifiers 
to become problematic.  

There is also an inter-relationship between BOD and ammonia concentration to consider, because organically 
bound nitrogen can be converted to ammonia during treatment. A considerable amount of organic nitrogen 
will already be converted to ammonia in digestate liquors (particularly if thermal hydrolysis is used), however 
this may not be the case for liquors generated from raw sludge dewatering.  

If we assume that the BOD result is representative of carbonaceous treatment only, then for digestate liquors 
the ratio for apportionment of aeration cost could be: 

Equation 5      
𝐵𝐵𝑂𝑂𝐵𝐵 (𝑚𝑚𝑚𝑚/𝐿𝐿)

4.57×𝑁𝑁𝑁𝑁4𝑁𝑁 (𝑚𝑚𝑚𝑚/𝐿𝐿)
= 1  

If the fraction of organic nitrogen that will be biologically converted to ammonia during treatment is 
sufficiently important, this can be captured by Total Kjeldahl Nitrogen (TKN) to give the ratio as 

Equation 6      
𝐵𝐵𝑂𝑂𝐵𝐵 (𝑚𝑚𝑚𝑚/𝐿𝐿)

4.57×𝑇𝑇𝑇𝑇𝑁𝑁 (𝑚𝑚𝑚𝑚/𝐿𝐿)
= 1  

For example, a digestate liquor is tested and found to have 500 mg/L BOD and 1500 mg/L NH4-N. The BOD 
would be apportioned just 6.8% of associated aeration cost with the remainder for NH4-N. By comparison, for 
a raw liquor with BOD of 2500 mg/L and NH4-N of 250 mg/L, the BOD would be apportioned 69% of the 
cost with 31% as NH4-N. 

BOD and ammonia are sampled after one hour of quiescent settling at both the head of the works and on the 
liquor return(s). The equation is: 

𝐶𝐶 = 𝑊𝑊
(𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙 + 4.57𝐴𝐴𝑙𝑙)𝑉𝑉
(𝐵𝐵𝑂𝑂𝐵𝐵ℎ +  4.57𝐴𝐴ℎ)𝐼𝐼

 

5.1.4 Phosphorous 

Dissolved phosphorous is sampled after one hours of quiescent settling at both the head of the works and on 
the liquor return(s). The equation is: 

𝐶𝐶 = 𝑊𝑊𝑃𝑃
𝑃𝑃𝑙𝑙𝑉𝑉
𝑃𝑃ℎ𝐼𝐼

 

Where: 

> WP is the total cost of treating phosphorous 

> Pl is the weighted average phosphorous concentration on the liquor return(s) 

> Ph is the phosphorous concentration at the head of the works 
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5.1.5 Solids 

The mass of the solids which settle after one hour of quiescence is measured. The number of tonnes per year 
is calculated. The equation is: 

𝐶𝐶 =
𝑀𝑀
𝐵𝐵
𝑉𝑉𝐵𝐵 

Where: 

> M is the weighted average mass of solids (converted to tonnes) 

> B is the bioresources gate fee from the final determination in £/tDS 
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5.1.6 Combinations 

The charge calculation equations can be combined added to reach a cost allocation more representative of actual cost to treat liquor. When combining, the cost in scope 
for each determinant changes to avoid double counting. 

Table 14. Proposed formulae for the allocation of cost for different combinations of liquor constituents 

Determinants Formula 

BOD only 𝐶𝐶 = 𝑊𝑊
𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙𝑉𝑉
𝐵𝐵𝑂𝑂𝐵𝐵ℎ𝐼𝐼

 

Ammonia 𝐶𝐶 = 𝑊𝑊
𝐴𝐴𝑙𝑙𝑉𝑉
𝐴𝐴ℎ𝐼𝐼

 

BOD and ammonia 𝐶𝐶 = 𝑊𝑊
(𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙 + 4.57𝐴𝐴𝑙𝑙)𝑉𝑉
(𝐵𝐵𝑂𝑂𝐵𝐵ℎ +  4.57𝐴𝐴ℎ)𝐼𝐼

 

BOD, ammonia and 
phosphorous 

𝐶𝐶 = (𝑊𝑊 −𝑊𝑊𝑃𝑃)
(𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙 + 4.57𝐴𝐴𝑙𝑙)𝑉𝑉
(𝐵𝐵𝑂𝑂𝐵𝐵ℎ +  4.57𝐴𝐴ℎ)𝐼𝐼

+ 𝑊𝑊𝑃𝑃
𝑃𝑃𝑙𝑙𝑉𝑉
𝑃𝑃ℎ𝐼𝐼

 

BOD, ammonia and solids 𝐶𝐶 = (𝑊𝑊 −𝐵𝐵𝐵𝐵)
(𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙 + 4.57𝐴𝐴𝑙𝑙)𝑉𝑉
(𝐵𝐵𝑂𝑂𝐵𝐵ℎ +  4.57𝐴𝐴ℎ)𝐼𝐼

+
𝑀𝑀
𝐵𝐵
𝑉𝑉𝐵𝐵 

Where T is dry tonnes of sludge produced in the year. 

BOD, ammonia, 
phosphorous and solids 

𝐶𝐶 = (𝑊𝑊 −𝑊𝑊𝑃𝑃 − 𝐵𝐵𝐵𝐵)
(𝐵𝐵𝑂𝑂𝐵𝐵𝑙𝑙 + 4.57𝐴𝐴𝑙𝑙)𝑉𝑉
(𝐵𝐵𝑂𝑂𝐵𝐵ℎ +  4.57𝐴𝐴ℎ)𝐼𝐼

+ 𝑊𝑊𝑃𝑃
𝑃𝑃𝑙𝑙𝑉𝑉
𝑃𝑃ℎ𝐼𝐼

+
𝑀𝑀
𝐵𝐵
𝑉𝑉𝐵𝐵 
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5.1.7 Worked examples 

We have devised worked examples to demonstrate the proposed charging formulae. Liquor concentrations 
were based on values measured for Chertsey and Slough STWs (Table 3). Average liquor flow rates and crude 
sewage flows and concentrations were taken from Table 3 or calculated by mass balance as per Appendix C.  

5.1.8 Calculating weighted average strength of liquor return 

Many sites have multiple liquor returns, so these need to be sampled separately and the results should be 
combined. To calculate the weighted average strength of a determinant, for each liquor return on site 
multiply the measured concentration of each determinant by the volume of the return. Divide the product by 
the sum of the volume of returns for all liquor returns on site: 

𝑆𝑆 =
(𝑐𝑐𝑖𝑖1 + 𝑐𝑐𝑖𝑖2 + 𝑐𝑐𝑖𝑖…)(𝑉𝑉𝑖𝑖) + �𝑐𝑐𝑗𝑗1 + 𝑐𝑐𝑗𝑗2 + 𝑐𝑐𝑗𝑗…��𝑉𝑉𝑗𝑗� + ⋯ 

𝑉𝑉𝑖𝑖 + 𝑉𝑉𝑗𝑗 + 𝑉𝑉…
 

Where: 

Worked example 1 – BOD and ammonia drive cost 

According to PR19 data Chertsey STW serves a PE of 94,759, has an average influent flow of 24,519 
m3/d and uses a thermal hydrolysis pre-treatment process. 

The calculation for digestate liquor will be: 

𝐶𝐶 = 𝑊𝑊
(673 + 4.57 × 1123) × 257
(232 +  4.57 × 39) × 24,519

= 𝑊𝑊 × 𝟎𝟎.𝟏𝟏𝟏𝟏 

and the calculation for raw liquor will be: 

𝐶𝐶 = 𝑊𝑊
(2361 + 4.57 × 246) × 654
(232 +  4.57 × 39) × 24,519

= 𝑊𝑊 × 𝟎𝟎.𝟐𝟐𝟐𝟐 

Therefore, 38% of costs considered to be in scope for BOD and ammonia will be attributable to the 
combined return of raw and digestate liquors, in this example. 

Worked example 2 – BOD, ammonia and phosphorus (as Ortho P) drive cost 

A hypothetical site serves a PE of 1,000,000, has an average influent flow of 250,000 m3/d and treats 
100,000 tDS/y of sludge. The site uses EBPR and thermal hydrolysis processes. For digestate liquor the 
calculation will be: 

𝐶𝐶 = (𝑊𝑊 −𝑊𝑊𝑃𝑃)
(673 + 4.57 × 1123) × 2003
(240 +  4.57 × 40) × 250,000

+ 𝑊𝑊𝑃𝑃
192 × 2003

3.6 × 250,000
= (𝑊𝑊 −𝑊𝑊𝑃𝑃) × 𝟎𝟎.𝟏𝟏𝟏𝟏 + 𝑊𝑊𝑃𝑃 × 𝟎𝟎.𝟒𝟒𝟐𝟐 

and the calculation for raw liquor will be: 

𝐶𝐶 = (𝑊𝑊 −𝑊𝑊𝑃𝑃)
(2361 + 4.57 × 246) × 5863
(240 +  4.57 × 40) × 250,000

+ 𝑊𝑊𝑃𝑃
45 × 5863

3.6 × 250,000
= (𝑊𝑊 −𝑊𝑊𝑃𝑃) × 𝟎𝟎.𝟏𝟏𝟏𝟏 + 𝑊𝑊𝑃𝑃 × 𝟎𝟎.𝟐𝟐𝟏𝟏 

Therefore, 30% of costs considered to be in scope for BOD and ammonia and 72% of costs in scope for 
phosphorus (as Ortho P) will be attributable to the combined return of raw and digestate liquors, in this 
example. 
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> S is the weighted average strength 

> ci1 and ci2 are the measured concentrations of liquor return i, sample readings 1 and 2. 

> cj1 and cj2 are the measured concentrations of liquor return j, sample readings 1 and 2. 

> Vi and Vj are the volumes of liquor returns i and j, measured over one year. 

This calculation can be used to obtain the weighted average of any determinant. The samples do not need to 
be taken simultaneously. It is more important that they are representative of typical flow conditions on each 
return. 

5.2 Calculating costs in scope 

The methods we have identified involve determining the total wastewater cost to apportion it, and in some 
cases separating out costs for specific determinants and apportioning them separately. In this section we 
define which costs should be ‘in scope’ – that is, the costs which should be apportioned. 

For all types of cost, only those downstream of the liquor return should be included, so companies should 
establish where this is for each site and remove the capital and operational costs for processes upstream 
from the costs in scope. This is likely to include pumping stations at the head of the works and screening for 
most sites. Some sites might discharge liquors into secondary or tertiary treatment. 

We consider that operating costs and capital costs should be accounted for separately. This is because 
operating costs are generally consistent year-to-year, so annual variation will have little effect on the liquor 
cost. However, capital costs can vary greatly depending on the investments made, so reflecting these in the 
liquor cost could cause material variations in the liquor charge. Therefore it is our opinion that capital costs 
should be smoothed using a depreciation calculation. 

5.2.1 Wastewater operating cost 

The wastewater operating cost should be calculated for each site. It should include operating costs for the 
site, plus an apportionment of non-site costs. 

We have identified cost categories through consideration of those costs which are necessary for liquor 
treatment. The cost categories we consider should be included should be at least these: 

 Energy 

 Revenue (as a negative cost) 

 Chemicals and other consumables 

 Sludge treatment 

 Employment 

 Management 

 Local authority and Cumulo rates 

 IT costs attributable to the site 

 Licences and permits 

 Maintenance (renewals expensed in-year) 

 Third-party services 

 Water supply 

 An apportionment of corporate overheads (see Section 5.2.4) 

Any other operating costs the company incurs should also be included. 
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5.2.2 Phosphorus cost 

If phosphorous is used as a determinant, the cost of phosphorous treatment in the wastewater plant must be 
separated from the rest of the wastewater treatment cost so that it can be apportioned separately. 

Our analysis has shown that for most companies, the cost of removal of phosphorous re-dissolved in sludge 
dewatering or treatment is small compared to other costs. The possible exceptions are where biological 
phosphorous removal is used and where sludges not treated for phosphorous are imported to a site with a 
phosphorous consent. 

Unfortunately, unlike chemical dosing, biological phosphorous removal is not a clearly separate process from 
treatment of BOD or ammonia, and so the operating cost is not immediately apparent. And unlike for BOD 
and ammonia, we are not aware of any clear basis for assigning a relative demand for work and capacity to 
phosphorous. Therefore, we consider that the next best option is to calculate the marginal cost for 
phosphorous treatment. 

The marginal cost could be calculated by modelling the cost of the same site either with and without 
phosphorous treatment and attributing the difference to phosphorous treatment. 

An alternative means to obtain the cost would be where a site has recently been upgraded or will be 
upgraded. In these cases, companies should have good information on the cost of the upgrades. However, in 
most cases it is unlikely that capital works are solely performed to reduce phosphorous, which brings the 
further problem of how to apportion those costs. This could become a very complex exercise. 

Finally, the contributions to specific costs related to treatment of returned orthophosphate could be made on 
a site by site basis. For example, the costs associated with combating struvite deposits, a portion of the power 
related to sludge recirculation in EBPR or chemical cost for provision of carbon (e.g. methanol) or auxiliary 
iron/aluminium dosing in support of EBPR could be accounted as phosphorous treatment costs.  

The problem with this final approach is that it risks ambiguity that could result in companies treating these 
costs differently, therefore undermining the purpose of a uniform liquor treatment charge. Even when the 
tightening of phosphorus consents driven by WINEP is taken into account, less than 5% of total flow at 
Network+ sites co-located to Bioresources will require phosphorus removal down to 0.1-0.25 mg/L. 

This shows that the impact of the cost of additional phosphorous released in Bioresources processes is likely 
to be small compared to other costs. If phosphorous is not included as a determinant, this would mean that 
its cost would be apportioned using other determinants, not that it wouldn’t be accounted for at all. 

5.2.3 Solids cost 

Where solids are used as a determinant, the solids cost is equal to the bioresources gate fee from the final 
determination in £/tDS. 

5.2.4 Overheads cost 

Corporate overheads should be apportioned to sites using companies’ usual accounting practice, and in turn 
apportioned to the liquor cost using the standard liquor cost method. 

5.2.5 Costs in scope for trades 

We propose that the full scope of costs is included within the liquor charge when pricing sludge trades, 
irrespective of whether it is an assured (guaranteed capacity) or unassured trade. This includes overheads and 
capital costs. This is because the liquor cost is a marginal cost of Bioresources, so it is always in scope. 
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5.3 Calculating capital costs 

Capital costs can vary substantially from year to year depending on the investments made. Therefore we 
consider that the profile of capital costs should be annualised using depreciation. This requires calculation of 
a gross capital cost and the development of some means to depreciate it. It also needs decisions on how to 
treat fully-depreciated assets and how often the valuation should be refreshed. 

The annualised capital cost in scope will therefore be based on depreciation and the cost of capital. This will 
be apportioned along with site operating costs according to the liquor strength (see section 6.1.2). 

5.3.1 Capital cost in scope 

We consider that this can either be established from actual expenditure figures, which might be old and 
therefore need to be inflated to present-day prices, or modelled as a modern equivalent asset value. 

We consider that the use of a modern equivalent asset value approach is most appropriate, because obtaining 
and using historic cost data is likely to be problematic due to loss of records and uncertainty as to their 
precise meaning. The modern equivalent approach is likely to give a better reflection of the costs a third 
party entrant would incur.  

The modern equivalent asset valuation should be for all wastewater Network+ assets which treat liquors 
(such as secondary treatment tanks, pumps and blowers), and those assets which support them (such as 
roads, fences, and motor control centres). 

The net MEAV of the supporting assets on the site should be allocated to the capital element of the liquor 
cost. For example, a site’s supporting assets have a net MEAV of £100. The treatment assets have a net MEAV 
of £800. The treatment assets involved in treating liquors have a net MEAV of £600. Therefore, 75% 
(£600/£800) of the supporting assets’ net MEAV should be allocated to the capital cost in scope: a total of 
£675. 

This figure would be used to calculate depreciation and cost of capital, which would be added to the 
operational cost to obtain the annual totex. The annual totex would be apportioned to calculate the liquor 
cost. 

A treatment asset is deemed to be involved in treating liquors if the liquor return is at or upstream of the 
asset. Where there are multiple returns entering at different stages of the treatment train, the MEAV should 
be weighted by the load treated by each asset. For example, if 80% of the load enters at primary settlement 
and 20% enters at secondary treatment, only 80% of the primary settlement MEAV is in scope, but 100% of 
the secondary treatment MEAV is. This is because 100% of the flow will pass through secondary treatment. 

The capital cost should include an apportionment of shared site assets such as roads, fences, power supplies 
and buildings. The value of these assets should be apportioned using this formula: 

𝐴𝐴𝐴𝐴𝐴𝐴𝑜𝑜𝑎𝑎𝑂𝑂𝐴𝐴𝑜𝑜𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝑂𝑂 𝑜𝑜𝑜𝑜 𝑂𝑂ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑂𝑂𝑂𝑂𝑎𝑎𝑂𝑂 𝑀𝑀𝑀𝑀𝐴𝐴𝑉𝑉 =
𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑎𝑎𝑂𝑂𝑂𝑂𝑎𝑎𝑂𝑂𝑂𝑂 𝑤𝑤ℎ𝐴𝐴𝑐𝑐ℎ 𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎𝑂𝑂 𝑙𝑙𝐴𝐴𝑙𝑙𝑙𝑙𝑜𝑜𝑎𝑎𝑂𝑂
𝑆𝑆𝐴𝐴𝑂𝑂𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 − 𝐴𝐴𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑂𝑂ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑂𝑂𝑂𝑂𝑎𝑎𝑂𝑂𝑂𝑂

 

5.3.2 Depreciation and renewal of valuation 

The 2017 Bioresources RCV allocation did not include an allocation for wastewater assets which treat liquors, 
except for standalone liquor treatment plants. Calculation of the value of the modern equivalent value of 
these assets is effectively a continuation of the same exercise, so the valuation of the liquor treatment 
fraction of the wastewater assets should be undertaken based on the economically-depreciated net value, in 
the same way as the Bioresources RCV allocation. 
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Consideration will need to be made of how the capital element of the liquor cost will interact with the 
Network+ RCV. We explore this further in Section 7.2. 

We assume that the MEAV will be a ‘floating’ valuation and will not affect the Network+ or Bioresources RCVs. 
The MEAV will need to be kept up-to-date to ensure that the capital element of the liquor cost remains 
accurate despite changes in the age and type of assets on site. In our opinion, this should be considered as 
part of a period of shadow reporting. 

5.4 Sampling methodology 

5.4.1 Frequency and length of running average 

Liquor return strength is highly variable, so more than one sample is required in order to characterise it. 
Examples of possible causes of variability in liquor volume and composition are provided in Table 15. To 
address this, we recommend a running average of sample strengths be maintained by WaSCs. 

Since releasing the draft report, we have modelled the number of samples which could be required to create 
and maintain a stable running average. We created a Monte Carlo simulation of a company with a number of 
dewatering, AD and AAD sites, each with a liquor return. Running the simulation 500 times, the strength of 
the returns was changed each time. The liquor strength was varied each time was generated at random using 
probability distributions derived from real sample data. This means that our model was a reasonable 
representation of the variability of actual samples. 

The size of the simulated sites was varied to take into account how some companies have a few very large 
sites which will have a much larger effect on the company-wide running average than other sites. This was 
used to create a weighted running average, in the same way that a company would if required to report 
company-wide liquor strength and volume. The site size distribution was based on the size distribution of 
dewatering and treatment sizes from the 2019-20 market data. 

To increase the realism of the simulation, we ran ten scenarios, in each of which the company had a different 
number of sites. For each iteration of each scenario, we selected the worst-case swing of the company-wide 
running average and measured its variance from the last instance of the running average. 

We define a stable running average as a running average which remains within 5% of its mean at least 95% of 
the time. 

The number of samples required decreased with the number of sites. However, this effect was only 
pronounced where there were very few sites in the simulated company. 

We found that to obtain a stable running average for BOD, 12 samples were required. To obtain a stable 
running average for ammonia, 8 samples were required. We recommend that for simplicity, 12 samples is 
taken forward as the minimum number of samples required for each liquor return for both determinants 
before the company average is deemed representative. 

In practice, it is important that these samples are not taken too close to each other in time. This is because if 
samples are taken too close to each other, short-term process instability could have a disproportionate effect 
on the average. Samples should be spread across at least one year to account for seasonal variability. 

We note that to obtain a representative company-wide average, it is not necessary to sample all returns at the 
same time. Each one should be sampled regularly, but there is no need for sampling to be synchronised 
between sites. By offsetting sampling of different sites, the operational load of sampling can be spread out.  
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Table 15. Examples of possible causes of variation in liquor volume and composition 

Type of variation Variable Examples 

Year to year Major works upgrades If a works is upgraded, e.g. with thermal hydrolysis, higher 
sludge throughput and better dewatering may increase 
liquor volume and ammonia load compared to previous 
works configuration. 

Long term asset issues Assets may deteriorate over time or encounter issues that 
take a long time to diagnose and resolve, e.g. the 
performance of a primary settler. This may result in a 
period of suboptimal performance that impact the sludge 
and therefore liquor compared to optimal operation. 

Asset maintenance Digester maintenance over several months will reduce the 
quantity of sludge treated and therefore liquor generated. 
If tank maintenance is staggered, e.g. to let indigenous 
treatment continue, the profile of sludge will also change 
and could alter liquor composition during this period. 

Seasonal Temperature Biological systems are sensitive to temperature. For 
example, reduced biomass growth and poorer solids 
settlement occurs in activated sludge when it is colder. 
This impacts the solids and associated BOD and nutrient 
loads fed to treatment, which will be reflected in liquors. 

Sludge availability Liquid sludge stocks are lower in the summer, which will 
influence the profile of sludges fed to treatment and alter 
liquor composition. For example, cake can be stored to fill 
the deficit but may be of lower quality (e.g. septicity), or a 
greater proportion of SAS in the digester feed may 
increase ammonia content in the digestate liquor. 

Septicity Septic or aged sludge can contain filamentous bacteria 
that cause bulking, making the sludge difficult to dewater. 
Sludge may go septic when stored, e.g. to maintain 
consistent feed to treatment. High proportions of septic 
sludge can therefore impact the volume and compositions 
of liquors. 

Sloughing Attached growth, e.g. on trickling filter media, can become 
unstable and detach, or slough, typically when 
temperatures rise during spring. This will change sludge 
composition, which could be reflected in liquors.  

Day to day Process issues Processes, e.g. dewatering, may encounter issues that take 
time to diagnose and fix. If emergency mobile centrifuge 
may be required, which has different operational 
characteristics. Liquor volume and composition can be 
affected during this period. 

Asset duty/standby Assets, e.g. centrifuges, operated in duty/standby may not 
share identical operating characteristics, e.g. if installed at 
different times. This could affect liquor volume and 
composition, e.g. if one centrifuge offers better/worse 
solids retention than another.    
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5.4.2 Sample points 

The selection of sampling point is a critical part of a practical sampling programme and obtaining 
representative samples. The EA’s guidance on monitoring discharges to water highlights the importance of 
mixing to achieve a homogenous and representative sample 14. Much of this guidance can translate to the 
sampling of liquor. Possible sampling points include: 

 the outlet of dewatering processes 

 hold-up or buffering tanks, 

 point(s) where liquor is returned to the mainstream.  

Interviews with companies suggests that each of these options is plausible and may differ from site-to-site. 
We consider that companies should be made responsible for determining how to take representative samples 
and reporting on how they are doing it. 

Our opinion is that the optimal point for sampling is at the sump chamber directly after each process. Some 
sites mix final effluent or surface water with liquor returns and sampling must be taken upstream of this. 
Where belts have combined wash, samples should be taken so as to avoid dilution of the sample with wash 
water. 

The next best point for sampling is on the bleed line from buffering tanks, where these are not contaminated 
by other liquids. The benefits include: 

1) likely already installed at many sites to avoid the return of shock loads; 

2) effective composite sampling without the need for autosamplers; 

3) safe capture of overnight liquor production without night-time sampling by an operator; 

4) practical sampling at sites where processes are not operating 24 hours a day; and 

5) average out unrepresentative periods, e.g. when dewatering has just been started-up. 

The downside to sampling from buffer tanks is that turbulent mixing is not guaranteed. This could possibly 
lead to settling of solids and stratification of liquor in the tank, resulting in unrepresentative sampling. The 
EA’s guidance stresses that tanks must be mixed where possible, with sampling taken from recirculation lines. 
If mixing is not possible then a greater number of samples might be needed to provide certainty that 
measurements are representative. 

Samples should not be taken at any point where they are likely to be contaminated by final effluent, surface 
water or any other liquids. The times at which samples are taken should be randomised to obtain better 
representativeness, but only during times when there is flow to sample.  

In the ideal scenario, sampling from the bleeds of well-mixed buffer tanks will combine the benefits of a 
composite sample (i.e. a daily average measurement) and the simplicity of manual spot sampling. 

We do not recommend composite sampling because the BOD test must be conducted as soon as possible 
once the sample is taken (at least within 24 hours). The same is true for ammonia testing, where ammonia in 
samples can decrease over time by volatilisation.  

5.4.3 Specific sampling tests 

The below tests are recommended because they capture the necessary information needed to calculate 
returned loads using analytical techniques familiar to the industry. We suggest that analyses should be 
carried out at a UKAS (ISO 17025) accredited laboratory to ensure accuracy and integrity of measurements. 

 
14 https://www.gov.uk/guidance/monitoring-discharges-to-water-guidance-on-selecting-a-monitoring-approach#measurement-uncertainty 
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1. BOD – Standard BOD5 tests should be used to measure the carbonaceous BOD in samples. We 
suggest settled (e.g. 1 hour quiescent settlement) but unfiltered BOD to best reflect the BOD passed 
on to secondary treatment, however the critical aspect is that both BOD from liquor and from head of 
works are analyses identically. Coincidental nitrification can also consume oxygen, inflating BOD 
results. This could be a problem for raw liquors containing viable nitrifying bacteria, but in the round 
we do not consider this to be a problem as the aim is to measure the demand for oxygen. 

2. Ammonia – we propose a test of ammoniacal nitrogen by spectrophotometer. We note that this test 
will not capture organic nitrogen that is broken down into ammonia once returned to secondary 
treatment. However, provided the same test is used to quantify ammonia in the influent, we do not 
consider this to be a concern as the cost of treating this ‘latent ammonia’ will be apportioned on an 
equitable basis. 

3. Phosphorus (if included) – we propose tests of Ortho P and Total P by spectrophotometer will 
capture the ratio of phosphorus returned in liquors that will incur cost in Network+, compared to the 
crude sewage influent. This will avoid circular charging of phosphorus. It will also address any 
inefficient transfer of cost between Network+ and Bioresources, i.e. by increased chemical dosing, 
because dosing more iron will likely further reduce the Ortho P/ Total P ratio. Therefore, merely 
increasing the Total P sent to Bioresources would not reflect a proportional increase in cost to 
Bioresources. 

5.4.4 Projected possible costs 

We have estimated approximate costs to install sampling points and conduct analyses on samples collected 
for a hypothetical company per year in a simple model. 

Assuming a company with 22 bioresources sites (industry average based on PR19 data) requires two new 
sampling points on half of them, the capital cost, with each sampling point costing £5,000, would be around 
£150,000. 

We estimate that the cost of sampling both BOD and ammonia could range from £100 - £500 depending on 
the remoteness of the site and ease of access to the sampling point. Taking the median value, a company 
with 22 bioresources sites, each having an average of three returns, would spend £66,000 per year on 
quarterly sampling. 

The model does not include added costs of manpower to conduct the sampling.  

Table 16. Model costs for installation of sampling point and sample analysis per year 

Parameter Scenario 1 Scenario 2 Scenario 3 

Cost to install sampling 
point 

£5,000 £5,000 £5,000 

Cost per sample £100 £250 £500 

Samples per site per 
year 

4 4 4 

Number of replicates 2 2 2 
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6. Jacobs’ opinion and recommendations 

In summary, our preferred method to calculate the annual cost of liquor treatment is as follows: 

1) Commence sampling liquor returns. Sample BOD only where there is no ammonia consent, and BOD and 
ammonia where there is one. See section 5.4. 

5) Identify the assets in scope for each site. These are the ones which treat liquors. This varies depending 
on where the liquor returns are. 

6) Calculate the cost in scope: 

a) The capex element is the annualised cost of capital and depreciation on the net MEAV of the assets. 
It also includes a fraction of the cost of capital and annual depreciation on shared assets. Apportion 
this using area. See section 5.3. 

b) The opex element is the annual operating cost of the assets in scope, including overheads. See 
section 5.2.1. Ignore the opex of shared assets unless it is likely to constitute at least 10% of the 
site opex. If it meets this threshold, apportion it to the assets in scope using the ratio of known opex 
of the assets in scope to total wastewater site opex. 

7) Calculate the liquor cost: 

a) Use a mass balance approach to calculate liquor volume. 

b) Use the latest running average sample data for liquor strength (at least three years and up to five).  

c) Find the faction of the cost in scope which is the liquor cost. If the site has an ammonia consent, use 
the BOD and ammonia formula (5.1.3), otherwise use the BOD-only formula (5.1.1). 

6.1.1 Costs included 

 The liquor cost is to be an allocation of all wastewater treatment costs downstream of the liquor returns 
on each site. This includes an allocation of variable and fixed opex, an allocation of annualised capex, 
and an allocation of the site’s allocation of corporate overheads. This is consistent with the charging 
rules and RAG 2.  

 Capital costs are to be calculated as a net modern equivalent asset value for each site in accordance with 
the method used for the Bioresources RCV allocation (note further discussion of this in Section 5.3). 

 Capital costs are to be annualised to avoid inconsistent costs year-to-year, and to include the cost of 
capital. 

6.1.2 Determinants 

 Determinants are to be settled BOD5 load and ammonia load in kg. Ammonia only to be included where 
the site has an ammonia consent. Phosphorous is to be excluded (for reasons of materiality and 
difficulty in showing cost-reflectivity), and flow is also to be excluded (as this is largely in the control of 
wastewater Network+).  

6.1.3 Sampling 

 We recommend that a minimum rolling average of 12 samples of each return is used. The samples 
should be timed to account for seasonal variations. 

 Samples are to be taken from the process sump chambers of each process. Where this is not possible, 
they should be taken from the recirculation line of a well-mixed buffer tank. Where this is not possible, 
they should be taken from the bleed of a well-mixed buffer tank. In all cases, samples should be taken 
when there is flow, at a point which is free from contamination by other liquids such as surface water and 
free from the effects of stratification.  It should be noted that all sludge centres are different, so a 
representative sample point will need to be established for each liquor return by the individual WaSCs. 

 BOD (kg/tDS) and ammonia production (kg Amm-N/tDS) sludge treated to be reported in the APR. 
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 Samples may be taken from different sites at different times, according to operational needs. Sample 
taking does not need to be synchronised between sites or returns. 

 The tests used for influent wastewater and liquors should be: 

- BOD – The standard BOD5 test after one hour of quiescent settling. 

- Ammonia – test of ammoniacal nitrogen by spectroph? Leaveotometer. 

We consider that appling the standard methodology to short- and long-term sludge trades during AMP 7 (as 
soon as is practical) would improve market information, improve market entrant certainty and therefore 
assist the development of the sludge trading market. 
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7. Implications of standard method 

This section considers the interactions between liquor treatment costs and other regulatory factors in 
wastewater and bioresources. 

7.1 Effects on Bioresources and Network+ budgets 

Implementation of the standard method during AMP 7 would be likely to affect WaSCs Bioresources and 
Network+ budgets. Our own rough estimate was that for an average company, the budget affected could be 
£30M - £100M (based on the liquor charge ranging from around 7.5% of the bioresources budget to around 
25%).  

This is material because: 

 Companies cannot cross-subsidise between price controls. Because Bioresources has a fixed revenue 
allowance per tDS for the rest of AMP 7, it will be unable to pass any additional cost for liquor treatment 
back to Network+. 

 Cost sharing rates are different between Network+ and Bioresources, with the company retaining 100% 
of any savings or cost against budget in Bioresources, but a lesser fraction (50-65%) in Network+.  

Therefore, a change in the balance of costs between the two price controls could affect the risk and reward 
profile of the companies, which could affect their financeability. 

We cannot estimate the effect on each company. This is because the standard method requires knowledge of 
company-wide average liquor and influent loads, which to our knowledge have never been measured for all 
companies. It is possible that some of the companies which currently apply an approach similar to Mogden 
could see a reduction in their calculated liquor cost. 

7.2 Valuation using net MEAV 

The RCV has a discount compared to the MEAV, so we tested the sensitivity of the other wastewater charges 
to variations in the liquor charge as follows: 

 With the RCV discount varying from 10% to 30%. 

 With the capital element of the liquor charge varying from 40% to 60% of the total liquor charge. 

 With the liquor charge varying from 2% to 4% of the Network+ budget. 

These assumptions show that a very small proportion of the Network+ budget would be affected by a 
decision to use RCV or MEAV, with the worst case being a variance in the liquor charge equivalent to 0.7% of 
Network+ totex. However, the effect on the liquor charge and hence sludge gate fees is significant (up to an 
18% variance in liquor charge, which could affect gate fees by around 4%). We conclude that selecting a 
MEAV approach would have a small effect on other wastewater customers but a significant effect in ensuring 
a level playing field for the bioresources market, and therefore an MEAV approach is appropriate. 

7.3 Interaction with trade effluent pricing 

There is a risk that liquors could be considered equivalent to other trade effluents, and that having a charging 
method for them other than the Mogden formula could cause disputes. We consider that the risks are these: 

1) Trade effluent customers could demand that they are charged using the more favourable to them of 
either the trade effluent price or the liquor cost. This could disrupt companies’ revenue recovery from 
trade effluent customers and cause administrative inconvenience. We have undertaken some work to 
determine the comparability between the two methods (Appendix D) but this needs consideration with 
real figures once they are available. 



Setting a standardised methodology for quantifying the cost of 
sludge liquor treatment in the water industry 

 

 

 
B2399400.R.1 54 

2) The appropriate charge for third parties treating sludge and discharging the liquors to wastewater 
treatment works could be disputed. This could be addressed with guidance to WaSCs that sludge liquors 
are to be charged in accordance with the standard method. However, in a future market where co-
digestion occurs, there could be mixed sludges which produce mixed liquors. A decision is needed on 
which charging method would apply here. One solution is to charge using both, in proportion (or 
approximate proportion) to the loads discharged from each type of sludge. 

We consider that implementation of the standard method should be carefully considered to avoid disruption 
to trade effluent charging. 

At present, market activity is limited. The second point needs to be addressed over time, but this could be 
when required by the market or at PR24. We don’t consider that this would affect the viability of the standard 
method for calculating liquor treatment cost now. 

7.4 Application of transfer pricing 

It could be argued that instead of a cost allocation, the standard method should be a transfer pricing 
arrangement. Transfer pricing relies upon the application of market testing to determine a fair price for the 
service, and in this case we have identified two possible sources for this information: 

1) Competitive letting. 

2) Comparison to published price lists. 

Competitive letting could occur if a third party was to build a liquor treatment plant on or near a sludge 
centre and provide liquor treatment services. However, in most cases there is existing capacity on the 
collocated wastewater treatment works and competitive letting for additional capacity would be unnecessary. 
This does not solve the problem of how to calculate the cost of treatment within an existing wastewater 
treatment works where no new capacity is required. 

RAG 5 allows for comparison to published price lists or benchmarking in ‘rare circumstances’. The only 
comparable published price lists that we are aware of are companies’ own trade effluent charges. We leave 
the question open as to whether this would constitute adequate market testing in the sense envisaged by 
RAG 5. 

To assist with consideration of transfer pricing as an option, the rest of this section contains comparisons 
between liquors and trade effluent in general, and between the possible charges between two hypothetical 
sites using either the standard method or trade effluent pricing. 

7.4.1 Comparison between liquor returns and trade effluent in general 

In this section we compare and contrast liquor returns and trade effluents in general. 

Feature Liquors Trade effluents in general 

Type of material Liquid which requires treatment 
before discharge to the 
environment. 

Liquid which requires treatment 
before discharge to the 
environment. 

Ability to use alternative 
supplier 

Only if a third party builds a 
liquor treatment plant nearby. 

Some traders can find an 
alternative supplier, if trade 
effluent is transported by tanker 
and distance to alternative 
supplier is not prohibitive. 
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Ability for WaSC to refuse Network+ cannot refuse to accept 
liquors because the responsibility 
for their treatment is with the 
WaSC as a whole. 

WaSC may refuse to accept trade 
effluents or place quantity or 
quality requirements on them. 

Variability of physical 
characteristics 

Vary according to parameters 
largely within WaSC control. 

Vary according to parameters 
outside of WaSC control. 

Composition Mixed composition which varies 
between sites depending on 
composition of influent 
wastewater. Substance is largely 
similar between WaSCs. 

Can have single or mixed 
composition. Substance varies 
greatly between trade effluent 
customers. 

Historic (AMP 6) charge practice Charged at cost based on 
allocation (RAG 2). 

Charged using Mogden formula 
or a variant of it. 

Customers Water company internal customer 
(price control). 

External third-party customer. 

Cost-reflectivity Required at site level. Required at regional level. 

We consider, while leaving the final decision to Ofwat, that there are important differences between liquors 
and trade effluent in general which mean that cost allocation is the appropriate means to arrive at a cost-
reflective figure. 
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8. Other matters 

8.1 Administration of sampling 

Sampling could be made the responsibility of Bioresources or Network+. We compare the advantages and 
disadvantages of each arrangement here. 

Table 17 Advantages and disadvantages of administrative configurations 

Configuration Advantages Disadvantages 

 Bioresources self-reports 
liquor strength 

 Provides Bioresources 
operations staff with 
operational information about 
how their processes are 
performing 

 Could incentivise under-
reporting of liquor strength 

 Self-reporting of liquor 
strength is not in accordance 
with usual trade effluent 
practice 

 Network+ quantifies liquor 
strength 

 Provides Network+ operations 
staff with information on 
incoming liquor strength 

 In line with usual practice in 
which the supplier provides the 
price to the buyer 

 Could incentivise over-
reporting of liquor strength 

It is our opinion that in line with practice for trade effluent, sampling should be made the responsibility or 
Wastewater Network+. 
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Appendix A. Glossary 

Term Definition 

ADF Average dry-weather flow 

BOD Biochemical oxygen demand. A measurement of biological pollution. The 
potential of wastewater to be oxidised by biological treatment processes. 

BOD5 Biochemical oxygen demand after 5 days at 20° C. 

Charge The way a cost is accounted for and transferred from one entity to another. 

COD Chemical oxygen demand. The total potential of wastewater to be 
chemically oxidised. 

Constituent One of these components of liquor which can give rise to cost: BOD, COD, 
suspended solids, ammonia, phosphorous. 

Cost An expenditure requirement. 

Enhanced Biological 
Phosphorus Removal 
(EBPR) 

Anoxic biological secondary treatment for the removal of Ortho P from 
sewage by Phosphorus Accumulating Organisms (PAOs), converting it to 
polyphosphates within their biomass.  

Guaranteed capacity A contractual agreement to supply services under all reasonably 
foreseeable circumstances, whether those circumstances are favourable or 
not. 

Liquor treatment The treatment of at least one aspect of raw and/or digestate liquor either 
within the headroom of Network+ processes, once returned to head of 
works, or by a dedicated liquor treatment plant within Bioresources. 

Liquor treatment plant 
(LTP) 

A dedicated asset or process within the Bioresources price control for the 
treatment of raw and/or digestate liquor, e.g. struvite recovery or 
deammonification. 

Non-guaranteed capacity A contractual agreement to supply services provided circumstances allow it 
at the time of demand. 

Ortho P Often denoted at PO4-P, this is the soluble and reactive form of phosphorus 
targeted by EBPR or chemical dosing and recoverable from liquors as 
struvite 

STW Sewage treatment works 

Total P This is the total of all forms of phosphorus. 
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Appendix B. Characterisation of bioresources sites 

Available PR19 data can be used to characterise bioresources sites across the industry and within individual 
companies. This can be used to generate profiles to help us understand 

 The types of treatments most prevalent within Network+ at co-located bioresources sites, and the 
proportion of the flow they treat 

 The size of sites based on the flow that they treat 

 The proportion of flow that falls under any environmental permit consent, i.e. for suspended solids, BOD, 
ammonia or phosphorus 

 This can help us to shape a liquor treatment charge structure that is appropriate for the industry while 
considering the individual circumstances of each company. 

B.1 Treatment type 

It is important to characterise the types of treatment operating in Network+ that will be receiving liquors 
because the cost that can be apportioned to a given component of liquor, e.g. ammonia, will have a different 
cost to treat depending upon the treatment process, even if the level of ammonia removal is the same. We 
can get a good appreciation of the number of sites that use a given treatment using the available PR19 data. 
The types of site are described in Table 18. 

Table 18. Types of works and codes as described within the PR19 datasets 

Works type (>50% of flow) Type code Description 

Primary treatment works P Treatment methods restricted to primary treatment 
(none found collocated with Bioresources). 

Secondary activated works SAS Works providing secondary activated sludge treatment 
methods whose treatment methods include those for 
primary works whose treatment methods include 
activated sludge and biological aerated filters as 
secondary treatment. 

Secondary biological works SB Works providing secondary biological treatment whose 
treatment methods include those for primary works plus 
works whose treatment methods include rotating 
biological contactors and biological filtration. 

Tertiary activated works TA1 Works with a secondary activated sludge process whose 
treatment methods include prolonged settlement in 
conventional or raft lagoons, irrigation over grassland, 
constructed wetlands, root zone treatment, drum filters, 
micro-strainers, slow sand filters, tertiary nitrifying 
filters, wedge wire clarifiers, or Clariflow installed in 
humus tanks. 

TA2 Works with a secondary activated sludge process whose 
treatment methods also include rapid-gravity sand 
filters, moving bed filters, pressure filters, nutrient 
removal control using physico-chemical methods, 
disinfection, hard COD and colour removal. 

Tertiary biological works TB1 Works with a secondary stage biological process whose 
treatment methods also include prolonged settlement 
in conventional or raft lagoons, irrigation over 
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grassland, constructed wetlands, root zone treatment, 
drum filters, micro-strainers, slow sand filters, tertiary 
nitrifying filters, wedge wire clarifiers, or Clariflow 
installed in humus tanks. 

TB2 Works with a secondary biological process whose 
treatment methods also include rapid-gravity sand 
filters, moving bed filters, pressure filters, nutrient 
removal control using physico-chemical methods, 
disinfection, hard COD and colour removal. 

Characterisation by number of sites is preferred to characterisation by flow because each site is defined by 
the treatment type used to treat more than half of its flow, i.e. it is unknown whether there are other 
treatment types handling a significant portion of the flow on site (Figure 6). 

 

Figure 6. % of sites using different treatment types across all companies 

We can perform the same analysis to characterise the types of treatment in use on sites collocated with 
Bioresources within each individual company (Figure 7). 
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Figure 7. % of sites using different treatment types within each company 

B.2 Site size 

The size of bioresources sites was defined by the treated flow, ranging up to the maximum observed flow of 
1,195,640 m3/d (observed for Beckton sewage treatment works). Sites were categorised within deciles of 
equivalent size as defined below (Table 19) 

Table 19. Decile increments for flow handled as a measure of site size 

Decile Range (m3/d) Decile Range (m3/d) 

1 >0, ≤119,564 6 >597,820, ≤717,384 

2 >119,564, ≤239,128 7 >717,384, ≤836,948 

3 >239,128, ≤358,692 8 >836,948, ≤956,512 

4 >358,692, ≤478,256 9 >956,512, ≤1,076,076 

5 >478,256, ≤597,820 10 >1,076,076, 
≤1,195,640 

Plotting the amount of flow attributable to sites across all companies for each decile gives a profile for the 
industry (Figure 8). 

 

Figure 8. Profile of decile ranges for flow across all companies  

Around 53% of total flow is treated at sites that fall within the 1st decile (smallest sites), whereas just under 
10% of total flow falls within the 10th decile (only the works at Beckton). The 2nd, 3rd and 5th deciles 
accounted for around 15%, 9% and 13% of flow respectively. The percentage of each individual company’s 
flow that occupy the decile range was also plotted (Figure 9). 
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Figure 9. Profile of decile ranges for % of flow for each company 

B.3 Environmental permits 

The high strength of liquors being returned to Network+ can contribute significantly to the mainstream load, 
in the absence of a liquor treatment plant. This will be of particular concern at sites with tight consents on 
their final effluent discharge, where a considerable amount of added cost can be incurred to achieve 
compliance. On the other hand, Network+ sites without strict consents on a given constituent of liquor may 
incur little to no added cost for treatment.  

Consents for Network+ sites co-located with Bioresources have been collated for all companies from PR19 
data to characterise the proportion of flows falling under a given consent, i.e. suspended solids, BOD, 
ammonia and phosphorus. Proposed updates to permit limits from WINEP 15 have also been considered, with 
the most significant changes to permits observed for phosphorus included in our analysis. The ranges of each 
consent limit were categorised by splitting them in to ten equally-sized deciles.  

Table 20. Consent ranges and decile increments across all companies in England and Wales 

Consent component Range (mg/L) Decile increment (mg/L) 

Suspended solids 10-250 25 

BOD 5-400 40 

Ammonia 1-65 6.5 

Phosphorus 0.1-2.5 0.25 

Generating a profile across all companies can help to understand how environmental permit consents might 
influence coherent liquor treatment costing (Figure 10). Proposed updates to phosphorus consent from 
WINEP 16 are included for comparison with current phosphorus consents.  

 
15 https://data.gov.uk/dataset/a1b25bcb-9d42-4227-9b3a-34782763f0c0/water-industry-national-environment-programme 
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Figure 10. % of total flow for all companies that falls within consent deciles (see Table 20) 

 

In the relatively few cases where no numerical value was provided for BOD consent, a concentration limit of 
25 mg/L was assumed. The Urban Wastewater Treatment Regulations regard treatment to this concentration 
limit or 70-90% minimum percentage reduction compared to influent BOD concentrations as compliant. This 
allows these few sites to be included for comparison, although it’s possible they are discharging on a 
minimum percentage reduction basis.  

Although a sizeable amount of flow falls under no numerical consent for ammonia or phosphorus, these too 
will be captured within the compliance limits for Total Nitrogen and Total Phosphorus (Table 21), although 
these are unable to be included in Figure 10. 

Table 21. UWWTR compliance limits for Total Nitrogen and Total Phosphorus 

Parameter Concentration 
limit (mg/L) 

Minimum 
percentage 
reduction 

Total Nitrogen (10,000-100,000 PE) 15 70-80 

Total Nitrogen (>100,000 PE) 10 - 

Total Phosphorus (10,000-100,000 PE) 2 80 

Total Phosphorus (>100,000 PE) 1 - 

Similar profiles can be determined for each individual company to help us understand their unique 
circumstances with respect to treatment consents and how this might influence their priorities around liquor 
treatment costing. 

B.4 Suspended solids 

Table 22. Concentration ranges for deciles relating to suspended solids consent 

Decile Range (mg/L) Decile Range (mg/L) 

1 >0, ≤25 6 >125, ≤150 
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2 >25, ≤50 7 >150, ≤175 

3 >50, ≤75 8 >175, ≤200 

4 >75, ≤100 9 >200, ≤225 

5 >100, ≤125 10 >225, ≤250 

 

Figure 11. Profile of flow within suspended solids consent deciles for each company 

B.5 BOD 

Table 23. Concentration ranges for deciles relating to BOD consent 

Decile Range (mg/L) Decile Range (mg/L) 

1 >0, ≤40 6 >200, ≤240 

2 >40, ≤80 7 >240, ≤280 

3 >80, ≤120 8 >280, ≤320 

4 >120, ≤160 9 >320, ≤360 

5 >160, ≤200 10 >360, ≤400 
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Figure 12. Profile of flow within BOD consent deciles for each company 

B.6 Ammonia 

The flow profiles for each company relating to ammonia are perhaps the most diverse of all the consents.  

Table 24. Concentration ranges for deciles relating to ammonia consent 

Decile Range (mg/L) Decile Range (mg/L) 

1 >0, ≤6.5 6 >32.5, ≤39 

2 >6.5, ≤13 7 >39, ≤45.5 

3 >13, ≤19.5 8 >45.5, ≤52 

4 >19.5, ≤26 9 >52, ≤58.5 

5 >26, ≤32.5 10 >58.5, ≤65 
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The flow profiles for each company relating to ammonia are perhaps the most diverse of all the consents 
(Figure 13).  

 

Figure 13. Profile of flow within ammonia consent deciles for each company 

All companies have at least some flow that falls under an ammonia consent. However, four companies (SWB, 
NES, SRN, WSX)  

B.7 Phosphorus 

Table 25. Concentration ranges for deciles relating to phosphorus consent 

Decile Range (mg/L) Decile Range (mg/L) 

1 >0, ≤0.25 6 >1.25, ≤1.5 

2 >0.25, ≤0.5 7 >1.5, ≤1.75 

3 >0.5, ≤0.75 8 >1.75, ≤2 

4 >0.75, ≤1 9 >2, ≤2.25 

5 >1, ≤1.25 10 >2.25, ≤2.5 

 



Setting a standardised methodology for quantifying the cost of 
sludge liquor treatment in the water industry 

 

 

 
B2399400.R.1 66 

 

Figure 14. Profile of flow within phosphorus consent deciles for each company 

 

Figure 15. Profile of flow within phosphorus consent deciles for each company proposed in WINEP 
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Appendix C. Calculations and assumptions 
Volumes for liquors generated by thickening and dewatering of raw and digested sludge were 
calculated on a mass balance basis using the below parameters (Table 26). These were taken from 
lower and upper estimates in Metcalf and Eddy (Fifth edition) and assume a mixture of primary and 
surplus activated sludge. The % dry solids in digestate were estimated on the basis of 5% and 10% 
dry solids feed to the digester as described for processes that included biological and thermal 
hydrolysis pre-treatments 17. 

Table 26. Parameters used to calculate liquor volumes from raw and digested sludge 

 Units Lower estimate Upper estimate 

Unthickened raw sludge %DS 2.5 4 

Thickened raw sludge %DS 4 7 

Digestate %DS 2.5 5 

Solids capture 
(thickening & 
dewatering) 

% 95 95 

Dewatered cake (raw & 
digested) 

% 25 25 

Solids destruction by 
digestion 

% 50 50 

 

Estimates for ammonia content in liquors were made using lower, upper and typical values in Metcalf and 
Eddy and a mass balance approach. A series of further assumptions were required: 

 A 50/50 composition of primary and SAS sludge entering the digester 

 95% solids retention during raw and digestate dewatering 

 Typical value of 4.4% dry solids as nitrogen in the biosolids, +/- 10% for the high and low estimates 

 100% of nitrogen transferred to liquor as ammoniacal nitrogen 

 No loss of ammonia from volatilisation into the biogas 

We can develop a sense of how large and variable liquor treatment costs are likely to be relative to known 
unit costs to treat sludge (£/tDS), which will be the basis of gate fee charges for sludge trading. To do this we 
need to calculate the amount of ammonia in raw and digestate liquors attributable to a dry tonne of sludge. 
This was calculated based on the average measured ammonia concentration of raw and digestate liquors at 
Chertsey STW and the following assumptions: 

 Dewatering of 8% raw liquid up to 25% cake with 95% solids retention (thickening liquors not included) 

 50% solids destruction by digestion 

 Dewatering of 5% digestate liquid up to 25% cake with 95% solids retention 

 This resulted in 10.8 kg of ammoniacal nitrogen per dry tonne of sludge treated. 

 Assumed parameters for crude sewage concentrations at head of works are given in Table 27. 

 
17 Theodoulou et al. (2016) European Biosolids and Organic Resources Conference 
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Table 27. Standard parameters considered reasonable for sewage influent of average strength in the UK. 

Parameter Units Quantity 

BOD g/PE 60 

Ammonia g/PE 10 

Total phosphorus g/PE 2 

Orthophosphate g/PE 1 

Total Suspended Solids g/PE 100 
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