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Executive Summary 

The need for this review 

This is a moment of change and potential in the 

development of the emerging Bioresources market: 

▪ The new Bioresources price control came into 

being on the 30th of March 2020. It is designed 

to bring greater competition and scrutiny of 

sludge treatment costs. 

▪ Water companies are grappling with their 

complex unit cost and gate fee calculations in 

anticipation of competition. 

▪ There are going to be some time-bound 

opportunities to take advantage of emerging 

markets, including: 

- AMP 7 sludge production growth. 

- IED compliance investment drivers and the 

potential need to consolidate sites. 

- Alignment of regulation between sludge 

digestion and other organic wastes. 

Our stakeholder engagement and market analysis 

has shown us that market activity has been lower 

than expected. 

The purpose of this Bioresources market review 

(supporting the wider Ofwat review) is to understand 

why activity has been limited and to make 

recommendations to overcome or reduce any 

constraints. To make such recommendations, it is 

first important to understand the opportunities that 

Bioresources markets bring. 

Six potential market opportunities 

There are six key market opportunities: 

(M1) Headroom trades. The use of the unused 

appointed capacity of another water company (or 

vice-versa). Water companies undertake this type of 

activity already but usually for “emergencies”. We 

consider this to have limited potential due to 

transport distance and lack of tradeable capacity.  

(M2) Joint capacity. The coordination of two or more 

parties (e.g. water companies) to procure capacity in 

a geographically optimal location. We consider this 

to have high long-term potential, especially given 

IED drivers.  

(M3) Cotreatment (including codigestion). The 

comingling of sludge with other treatment 

feedstocks. We consider this to have a high potential, 

especially given future alignment of regulation. 

(M4) Collocation. The bringing together of two 

different treatment streams on a single site taking 

advantage of shared assets (e.g. energy generation 

assets). We see this as having medium potential. 

(M5) Project finance. Bringing forward future benefit 

by using 3rd party finance to invest in assets. We 

assess this to have medium potential, particularly for 

enhanced energy generation or resource recovery. 

(M6) Outsourcing. Using markets to deliver services 

which would otherwise be delivered in house. In some 

areas benefit may be marginal. 

We have identified market opportunities M2 (joint 

capacity) and M3 (cotreatment) as being important.  

  
Market participants and opportunities 
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Identification of constraints 

The diagram below shows the key constraints to market activity that we have identified within this market 

review. The lettering references further discussion on each and the size of the reference indicates our 

assessment of the materiality of the constraint in preventing market activity. 

 

 

  

  

Key constraints Identified 

Technical and physical – 

Section 4 

There are some unresolvable 

physical constraints on the 

sludge market that we must 

take account of (L). For 

example, its high-water 

content which make it 

uneconomic to move far, and 

bio-physical differences from 

other organic waste. 

However, our opinion is that 

the second-largest constraint 

on market activity overall is 

uncertainty around what 

technologies would be 

deployed should biosolids to 

land be constrained (M).   

 

Cultural and organisational – 

Section 3 

Most cultural and 

organisational constraints on 

the market can be overcome in 

time. We believe that some of 

them require cultural shift and 

clarification of rules to remove 

inconsistency. 

Our opinion is also that there is 

some time-bound opportunity 

and risk (e.g. in IED) which 

would be best solved with 

synchronisation and joint 

planning (J). Without this, 

beneficial options may become 

unavailable. 

Regulatory (and knowledge) – 

Section 2 

Regulatory constraints on the 

emerging Bioresources markets 

are generally caused by 

uncertainty. Uncertainty causes 

delays in decision making (by 

water companies and potential 

3rd parties), high cost of capital, 

and lack of investor interest. 

Our opinion is that the greatest 

of these constraints, and the 

greatest constraint overall, is 

uncertainty around the future of 

biosolids being spread to 

agricultural land (A). This is 

partly driven by an underlying 

scientific uncertainty. 
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Conclusions and Recommendations

We have found that there is large untapped 

market potential. There are some incremental 

actions which could be implemented to realise 

this potential. Some of the biggest opportunities 

are long term and will unfold over the next two 

AMP cycles.  

Our individual recommendations are labelled from 

R1 to R20 and discussed within Sections 2-4. A 

summary of recommendations is presented with 

Section 5 of this report. Some recommendations 

address multiple constraints, but the broad 

classifications are: 

▪ Regulatory (and knowledge). 

Recommendations in this section focus on the 

need to remove uncertainty around 

environmental regulations to give water 

companies and 3rd parties confidence. Some of 

this will be resolved in time (for example 

through the Environment Agency’s sludge 

strategy due in 2023), however we 

recommend some additional actions to ensure 

that opportunities are not missed, such as 

through the market opportunity presented by 

IED. In addition, there are some actions which 

can be implemented to remove other 

regulatory uncertainty in parallel, such as 

revenue risk for long term contracts and clarity 

on the interpretation of the Farming Rules for 

Water. 

▪ Cultural and Organisational. Our 

recommendations here revolve around the 

creation of frameworks and clarifications for 

areas such as bid assessment and evaluation 

of 3rd party provision of services against 

internally delivered alternatives. In addition, 

we believe that there are opportunities for 

companies to work together to achieve 

regional efficiency, for example by forming 

regional planning partnerships. 

▪ Technical and Physical. Some physical 

constraints cannot be overcome, though may 

be improved upon (for example improving 

sludge thickening). Our main 

recommendation in this section is around 

sector led development of new technology to 

remove uncertainty and treat emerging 

contaminants, should biosolids to land be 

constrained. Procurement and 3rd party 

decisions will be delayed due to decisions 

around what technology to deploy considering 

this risk. 
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Glossary of commonly used terms 

Term Definition 

% dry solids (or %DS) This is a measurement of the amount of sludge within a volumetric 

measurement which is solid material. Inversely this measures how much is 

water.  

3rd party A term we have applied to refer to a service provider which is not an incumbent 

Bioresources price control. 

AAD Advanced anaerobic digestion. Modern anaerobic digestion involving pre-

treatment and producing enhanced treated biosolids product. Is usually larger 

in scale and produces more biogas than AD. 

AD Anaerobic digestion without pretreatment. The most common sludge 

treatment process in the UK. Biosolids from AD are usually recycled to land. 

93% of sewage sludge in the UK is treated by AD or AAD. 

Appointed (and non-

appointed) 

Appointed activity refers to activities which are monopolistic and therefore 

regulated by Ofwat. Non-appointed activity is open to competition and is not 

considered part of water companies’ core regulated activity. 

All sludge or other waste imports are non-appointed for the receiving 

company. In-house treatment is appointed. 

Bioresources Can either refer to the price control within a water company, or to the feedstock 

to a treatment process (i.e. a “resource”). 

Biosolids Used to refer to the end sludge product post-treatment. Usually recycled to 

agricultural land. 

Codigestion Refers to the practice of comingling sewage sludge and other feedstocks. This 

could be liquid trade waste, liquid organic wastes, other organic wastes or 

purpose grown feedstocks. A subset of cotreatment. 

Competition Usually used to refer to a Bioresources business having to compete to deliver 

services to Network+ against 3rd parties. 

Cotreatment Used where codigestion may not be the only possible means of treating a 

mixed feedstock. 

Dewatering Used to describe the process of removing water from a liquid sludge (<10% dry 

solids) to create a cake, which is usually >20% dry solids but defined as >10% 

dry solids.  

Gas to Grid The practice (or equipment used) of injecting biogas into the national gas 

network following gas upgrade. 

Gate fee The price paid (at the gate) per tDS for sludge treatment either within a 

Bioresources site or by a 3rd party. 

Incumbent Existing provider of services (usually refers to Bioresources price control). 

Network+ In this report, Network+ exclusively refers to the Wastewater Network+ price 

control. The part of the business within a water company that deals with 

wastewater networks and treatment. 

Other organic waste Refers to non-sewage sludge wastes which could be codigested or cotreated. 

Revenue Can sometimes refer to “average revenue” which the amount of money that a 

Bioresource price control can recover per tDS of sludge treated. 

Sewage gas Biogas produced from the anaerobic digestion process. This is a term used by 

Ofgem to differentiate the source of the biogas for incentive accreditation 

purposes. 

tDS  Tonnes dry solids. The amount of material which would be present if all water 

was removed. Can be raw (into treatment) or treated (i.e. biosolids) 

Unit cost An internal calculation of the cost (per tDS) for a water company to deliver 

services at a specific location or in a specific asset. Also known as cost to serve. 
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1. Markets: An opportunity for change?

In this section we want to …… 

 

 

1.1 

1. The market 

opportunity 

In this section we introduce the Bioresources 

price control, explore types of potential 

market activity and conclude on which are 

most material. 
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Introduction to Bioresources 

markets 

The Bioresources price control and Bioresources 

markets 

The Bioresources price control, which came into 

being on 31st March 2020, introduced 

accounting separation between sludge treatment 

(Bioresources) and wastewater networks and 

treatment (Network+).  

The contents of the price control  

The boundary of the price control is laid out in the 

Regulatory Accounting Guidelines (RAGs). There 

are some nuances in the definition, but the 

Bioresources price control broadly includes: 

▪ The collection of liquid sewage sludge from 

Network+ by tanker.  

▪ Thickening of sludge (where the thickening 

plant receives imports from other facilities).  

▪ Dewatering of sludge (cake production). 

▪ Raw cake movements. 

▪ Sludge treatment. 

▪ Biosolids recycling to land (including land 

reclamation or disposal in some cases).   

The aim of Bioresources markets 

One of the main aims of this separation was to 

promote use of markets to increase competition 

and therefore improve the efficiency of 

Bioresources operations for the benefit of the end 

customer. This appeared to be the correct 

approach at a time when the value of sewage 

sludge did not appear to be fully appreciated by 

the whole sector. 

In our view, this is still the correct approach. 

However, our stakeholder engagement and market 

analysis has shown us that there has been little 

competitive market activity to date. 

The purpose of this Bioresources market review 

(supporting the wider Ofwat review) is to 

understand the reasons why activity has been 

limited and to make recommendations on how 

market activity could be encouraged. 

Treatment capacity now seen as a commodity 

The interest in trading within the Bioresources 

sector shows that sludge treatment capacity is 

now (generally) perceived as a commodity. This 

has been partially driven by the implementation of 

the new price control. The sector currently has 

four main revenue streams: 

1) Energy sales (and associated subsidies). From 

recovery of energy in sludge. Revenues are 

significant within the sector. 

2) Soil improver sales. From recovery of 

nutrients. Revenues are currently negligible 

within the sector. 

3) Gate fees from sale of capacity to other users. 

Currently negligible. 

4) Regulated charges to the water company’s 

end customers, which currently is the largest 

revenue source.

   

Figure 1: Bioresources (sludge) centres (treatment, 

dewatering or thickening sites) in England and Wates 

There are 175 

sludge treatment 

centres and 94 

thickening or 

dewatering 

centres in 

England and 

Wales 

“We will open up the market for bio-resources 

which is up to 10% of the value chain of a water 

and waste water company. Maybe this element of 

the value chain is better thought of as an energy 

business, rather than as a disposal problem. Bio-

resources may well be a stand-alone commercial 

energy business in its own right.” 

Jonson Cox, Chair, Ofwat: Regulatory Keynote 

Speech, Water UK City Conference, March 2017 
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Our assessment of market potential 

  There are a number of uses for the word ”market” 

within the Bioresources sector. It usually refers to the 

opportunity for 3rd party service provision can bring 

efficiency benefits. Our work in the sector has shown 

that some types of market opportunity have more 

potential than others.  

Headroom trades (Potential: Low) 

Sludge treatment capacity is typically built in 

blocks, and from time to time this results in 

companies having ‘excess’ headroom which is 

not put to operational use. Use of this for 

trades could allow more efficient routing of 

sludge across company borders to closer or 

more efficient sites.  

There is currently some headroom trading 

between companies. This is typically 

undertaken on a short-term ‘as available’ basis 

for operational reasons and not for direct cost 

savings. This is often more expensive than 

treatment in-house because most of the 

short-run marginal cost of sludge treatment is 

in transporting and preparing it for digestion.  

Market potential 

While there will be some opportunity for 

future headroom trading (if undertaken on a 

planned rather than re-active basis), this 

opportunity will always be limited by 

geography and the transportability of sludge 

(discussed further in Constraint L). 

M1 
Joint capacity (Potential: High) 

Historic practice has been for companies to 

build capacity for their own use only and not to 

invest in non-appointed capacity on their sites 

to treat other companies’ sludge. 

Shared capacity is likely to yield greater 

efficiency through rationalising sites at the 

regional level, rather than the company level. 

This could help companies reduce their 

exposure to costs arising from the Industrial 

Emissions Directive (IED); reduce the length of 

transport routes; and develop opportunities for 

economies of scale. 

Market potential 

This opportunity is limited by existing asset 

lifecycles and the synchronisation of their 

replacement. The potential benefit is high, but 

it may not reach its full potential for decades. 

However, the upcoming Industrial Emissions 

Directive requirements may provide an 

opportunity to partially accelerate 

coordinated activity (discussed in Constraint B 

and Constraint J).  

 

M2 

Figure 2 shows some of 

the different parties within 

a future Bioresources 

market. 

Below, we discuss how the 

potential market 

interactions between them 

could bring benefit and 

explain our conclusion 

that the greatest potential 

benefit is from Joint 

Capacity (M2) and 

Cotreatment (M3). 

Figure 2: Types of market activity 

M1 

M2 

M3 

M4 

M5 

M6 
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  Cotreatment (Potential: High) 

Cotreatment (including codigestion) is the 

comingling of waste streams or feedstocks 

and treating of them in the same assets. This is 

an opportunity to maximise utilisation of 

assets. Incumbents may also wish to invest in 

non-appointed capacity on their sites to 

expand their co-treatment operation.  

There are benefits of increased asset 

utilisation and reduced transport distance for 

both other waste and sludge. Increased gas 

yield in sludge digestors is also a benefit.  

Upcoming universal food waste collection 

regulations could create an opportunity for 

water companies to enter the market due to 

the increase in available feedstocks.  

Market potential 

Cotreatment (including codigestion) could 

provide access to a large amount of 

potentially high-value feedstock for energy 

generation. This could be liquid waste import 

to sludge digesters or purpose-built solids 

facilities. There are a number of constraining 

factors (see Constraints C and O). 

M3 
Refer to Appendices B and C for a comparison 

of feedstocks and their effects on gate fees, 

and more on cotreatment regulations. 

Collocation (Potential: Medium) 

Collocation of other waste processing with 

sludge treatment centres can allow waste 

streams to be kept separate, enabling 

compliance with both end-of-waste regulation 

and the Sludge Use in Agriculture Regulations 

while allowing some site assets and staff costs 

to be shared (for example energy generation 

assets). This obtains some of the benefits of 

cotreatment and avoids many of its 

drawbacks. 

Market potential 

Collocation can drive down the cost of 

treatment to make new market activity more 

cost competitive. There are several examples 

of this in England and Wales already, and in 

our conversations with the industry we have 

not identified any significant constraints to 

this type of activity.  

Project finance (Potential: Medium) 

‘Project finance’ covers a variety of asset 

finance approaches in which a promoter 

contracts with a sponsor to obtain new capital 

investment. This could be a means for capacity 

to be obtained on the open market at better 

efficiency. It could also be used to accelerate 

unfunded projects to gain benefits early.  

For example, a plan to build a new energy 

centre with a ‘gas to grid’ plant could be 

accelerated by five years to take advantage of 

incentives and create an extra five years of 

additional energy generation and revenue, 

sharing that with a 3rd party investor. This may 

be preferable to waiting until the project is 

affordable through the price review but 

potentially losing out on incentives and the 

interim benefit. 

Market potential 

May become an important route to 

procurement of capacity on the open market 

where third parties bring efficiency or 

benefits which incumbents have difficulty 

obtaining.  

M5 
Outsourcing (Potential: Medium) 

Water companies can seek to improve 

efficiency through tendering contracts for 

services. They may outsource activities such as 

design, transport, agronomy, thickening, 

dewatering, treatment, liming and energy 

generation, among others. The outsourcing of 

ownership, operation or maintenance of these 

activities brings varying degrees of technical 

complexity and scope for efficiency. 

Efficiency could be brought where a 3rd party 

has a lower cost of construction or operation, 

an economy of scale or a particular skill which 

a water company may not have. 

Our opinion 

In general, the benefits of some outsourcing 

will not be transformational to the sector (for 

example marginal gains introduced through 

outsourcing of logistics). However, where 

large efficiencies can be brought (e.g. lower 

costs of construction) these may be more 

significant. In addition, third parties may be 

more incentivised to be efficient. 

M6 

M4 
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Constraints to market development 

Through stakeholder engagement, we identified 

several constraints to market development and 

have identified 20 recommendations to either 

remove or partially mitigate them. We re-tested 

these constraints and recommendations through 

our stakeholders and incorporated feedback 

where feasible. 

Stakeholder engagement in constraint 

development 

Within this review we undertook the following 

stakeholder engagement: 

▪ Questionnaires completed by individuals from 

10 water and sewerage companies to identify 

a longlist of constraints. 

▪ Informal conversations with 10 water and 

sewerage companies to develop constraints 

and recommendations.  

▪ An interactive industry workshop, including 10 

water companies, the Environment Agency, 

Natural Resources Wales, the Welsh 

Government, Ofwat and Defra to test some of 

our ideas. 

▪ Informal conversations with several other 

waste capacity providers and industry bodies. 

We wish to thank the individuals who engaged with 

the project for their input. As this project was not a 

formal consultation, we have avoided using quotes 

or citations of specific organisations or individuals 

in our work.  

Classification of constraints 

Broadly, we have categorised constraints into three 

types. Some constraints pass across the categories 

as shown in Figure 3. 

1) Regulatory (and knowledge). These 

constraints predominantly relate to the 

impact of uncertainty on decision making in 

the sector and are driven mainly by 

environmental regulation change (in turn 

driven by scientific uncertainty). 

2) Cultural and organisational. These relate to 

the activities and actions of the water 

companies and other market participants and 

how they are incentivised. 

3) Technical and physical. These are dominated 

by the physical properties of sludge and its 

effect on the market as well as shortfalls in 

technological solutions for future 

environmental risk. 

 

  

Figure 3: Constraints map 

 

*size of letter 

corresponds to our 

assessment of materiality 

of impact on the market 
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 Regulation: The influence of uncertainty 

 

 

 

New entrants to Bioresources markets require certainty of 

returns. How can they be persuaded that regulations are 

stable and not a risk? Here we explore potential regulatory 

market suppressants and recommend actions.   

2. Regulation: 

The influence of 

uncertainty 
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3rd parties and water companies are deterred from 

entering into long term agreements by medium-term 

biosolids to land uncertainty and associated risks. 

The water industry relies on being able to recycle 

biosolids to agricultural land from established 

treatment processes: anaerobic digestion (AD), 

advanced anaerobic digestion (AAD) and liming.  

Recycling to land carries environmental benefits (such 

as soil improvement). However, there is emerging 

scientific evidence of contaminants within sewage 

sludge which may affect human health and the 

environment (examples include PFAS and 

microplastics). 

The Environment Agency’s sludge strategy, which is 

under development, will aim to manage the risk of 

contaminants in sludge through testing and 

permitting. However, the new approach may also 

change the current retrospective reporting system to  

permitting in advance, which will limit companies’ 

freedom to change fields and times to fit the weather 

and farmers’ needs, and constrain sludge recycling. 

In parallel, the Farming Rules for Water, which aims to 

manage the risk of diffuse pollution from agriculture 

for all types of field applications, coupled with good 

practice agricultural practice and nutrient 

management and planning, may constrain application 

rates and spreading windows for biosolids. This may 

increase the cost of biosolids to land through 

additional storage and transport requirements, 

reducing its viability as a route for recycling. 

There are also ongoing debates around tighter 

controls on soil phosphorous indices, which could 

constrain landbank availability. 

 

Our engagement has shown that the effect on the 

market is through the uncertainty the potential for 

change brings as much as from the instruments 

themselves. 

Market uncertainty includes: 

▪ Scientific uncertainty around contaminants. 

▪ Uncertainty around how the Farming Rules for 

Water could affect biosolids recycling practice. 

▪ Uncertainty about how to contractually manage 

biosolids land spreading risk. 

▪ Uncertainty about which treatment technologies 

to deploy to counter landbank risk. 

▪ Technological risk around untested technologies 

(explored in constraint M). 

Recommendations: 

The effects on the market will be resolved by 

removing the uncertainty. Efforts are already 

underway within the sector to remove regulatory and 

scientific uncertainty. Our recommendations are as 

follows: 

Continue to research the safety of biosolids. A 

programme of chemical investigations which 

will help to address this is ongoing. Future 

research should include mixed feedstocks to 

support future codigestion. 

 

Deliver the Environment Agency sludge 

strategy. The sludge strategy is due to be 

implemented in 2023.  

Resolve uncertainty around the Farming Rules 

for Water. This may require clarification on how 

the rules should be interpreted for greatest 

benefit in the round.  

Deliver technological innovation. For 

alternatives to biosolids to land. Covered under 

constraint M. 

R1 

R3 

R4 

R2 

Survey Results 

When asked to rank the following from the 

greatest to the least, “in terms of their ability 

to affect a long-term capacity transactions as 

a whole”, our 10 water company respondents 

chose landbank (availability of land for 

biosolids spreading) and environmental 

regulation as their top two risks. 

A 
Market constraint (high materiality) 

Biosolids to land uncertainty 
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Recommendations: 

In our opinion there is an opportunity to add more 

value from IED compliance if rationalisation of 

capacity across borders can be enabled. Our 

recommendations are: 

Create joint planning partnerships, which 

are discussed in more detail under 

constraint J. 

Take cross-border rationalisation into 

consideration as a possible justification for 

IED compliance deadline exceptions. 

Companies may be able to show that 

rationalising sites across company borders 

has commercial and/or environmental 

benefits, and that this will necessarily 

require more time for planning. In these 

cases an exception to the compliance 

deadline may be reasonable. 

R5 

The Industrial Emissions Directive (IED) could 

provide a significant boost to market activity by 

giving companies the same investment needs at the 

same time. However, at present, uncertainty around 

IED and the resulting investments required are a 

deterrent to new market entrants. 

The IED requires companies treating sludge to 

implement environmental control improvements on 

their sites. It will place all sewage sludge treatment 

(except very small sites) under the same emissions 

regulations as the rest of the anaerobic digestion 

sector, removing a distortion in the market. 

The requirements for permitting are determined for 

each site and are currently being rolled out, but 

generally include more comprehensive odour control, 

bunding of tanks and enclosing cake storage. 

Compliance with the permits will be required by 

August 2022 (or by the end of 2024 by exception) 

with a rolling process of permitting digestion sites 

underway until then. 

The IED could have an important effect on water 

companies by increasing the attractiveness of 

rationalising their sludge treatment sites due to the 

cost of improvements required to achieve 

compliance. This may increase demand for joint 

capacity creation (see worked example).  

Water companies operate their sites as an 

interconnected system, so until the requirements are 

known for each site and the cost can be accurately 

assessed, it is difficult for a system-wide plan for 

compliance to be made. This limits companies’ 

opportunity for planning together. 

Our engagement has shown that the effect on the 

market is: 

▪ A delay in decision making as to how to meet IED 

requirements, which delays potential market 

activity. This is mainly around whether secondary 

or tertiary containment will be required. 

▪ Uncertainty among water companies and 3rd 

parties as to resulting costs, meaning uncertainty 

around contractual risks and associated costs for 

longer term contracts, affecting pricing risk. 

▪ A possible shortage of time for companies to 

create joint rationalisation plans after site 

permitting requirements are issued. 

R6 

B 
Market constraint (high materiality) 

Industrial Emissions Directive (IED) uncertainty 

IED could provide a boost for Bioresources 

markets, however more certainty and joint 

planning would be required. Consider the 

following worked example: 

Water Company A has an incoming IED driver 

causing £multi-millions of investment 

requirements at 3 small sized AD plants 

which are old and will require replacement in 

the next 5 years. 

Water Company B also has an incoming IED 

driver at nearby sites. This requires company 

B to invest £multi-millions in 1 small sized 

AD plant and 1 large AAD plant which are 

also old. 

Companies A and B work together to identify 

that the 6 small sites could be turned into 

satellite dewatering sites and consolidated 

into a single AAD facility which could become 

IED compliant. This would achieve economies 

of scale, reduce IED expenditure overall and 

would optimise the sludge treatment location 

in the long term for the benefit of customers. 

A market solution is sought. 
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Market constraint (medium materiality) 

Specificity of energy generation 

incentives 

D 

Renewable energy generation incentives are 

specific to installations and feedstocks. The risk of 

losing accreditation, which is reapplied for after a 

change in feedstocks, has been cited as a 

constraint to codigestion. 

The uncertainty around future incentives for energy 

generation also has a restricting effect on new 

capacity development, as companies want to ensure 

they time new capacity to obtain the incentives.  

It is not clear whether the forthcoming Green Gas 

Support Scheme will support multiple or mixed 

feedstocks, although this is permitted for the RHI. 

But it is unlikely there will be new support incentives 

for sewage gas electricity generation. 

Recommendation: 

Ofgem has published documentation on this issue, 

such as the Fuel Measurement and Sampling 

guidance for RHI (https://www.ofgem.gov.uk/syste

m/files/docs/2018/05/fuel_measurement_and_s

ampling_fms_guidance.pdf), which gives guidance 

on how to use and report on new fuels. The non-

domestic RHI guidance volume 2 indicates that the 

sustainability rather than the consistency of the 

feedstock is the chief concern. 

Our recommendation is: 

Review incentive scheme rules. Experience 

from the other organic waste sector and at 

least one water and sewerage company 

shows that accepting multiple or mixed 

waste feedstocks need not jeopardise 

existing accreditations.  

R8 

Market constraint (medium materiality) 

Cost of digestate spreading 

permitting for codigestion 

C 

In Section 1 we explain how codigestion is one of the top 

two opportunities for markets to bring material benefits 

to the water sector. Costly permitting of mixed digestates 

is one of the constraints to this market activity, along with 

technical challenges. 

Compliance with environmental permitting to allow 

cotreatment is generally perceived by the water industry 

and other organic waste sector as more complex and costly 

than permitting for either sewage sludge or other organic 

waste, though some companies offer alternative opinions.  

Related to this is the issue that existing markets for 

digestate will require evidence of the safety and adequate 

control of codigestion and mixed feedstocks. 

Survey Results 

10 water companies were asked to classify 

these “blockers to codigestion of liquids 

which would not usually be discharged to 

sewer”. Regulations, quality and landbank 

were the largest blockers. 

Recommendations: 

Cost will decrease as and when codigestion is shown to 

be safe, provided the new sludge strategy provides a 

way for this to be recognised in setting permitting 

requirements. 

The Environment Agency’s agenda for its sludge 

strategy has the stated objective of creating a level 

playing field between sludge and other organic wastes. 

The EA has also indicated that it intends to continue to 

use its Framework to assess suitability of codigestates. 

Consistent with this, our recommendation is: 

Simplify permitting requirements by 

demonstrating safety and reliability of 

specific mixed waste streams via the 

Environment Agency’s assessment 

framework. Work with stakeholders to have 

these accredited for spreading to land. The 

sludge strategy should allow permitting 

requirements to be updated to reflect the 

risks for different waste streams as new 

evidence becomes available. 

R7 

https://www.ofgem.gov.uk/system/files/docs/2018/05/fuel_measurement_and_sampling_fms_guidance.pdf
https://www.ofgem.gov.uk/system/files/docs/2018/05/fuel_measurement_and_sampling_fms_guidance.pdf
https://www.ofgem.gov.uk/system/files/docs/2018/05/fuel_measurement_and_sampling_fms_guidance.pdf
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E 
Market constraint (high materiality) 

Regulatory approval for long term contracts 

In Section 1 we identified different types of 

market led capacity investment as material 

opportunities to bring market benefit to water 

companies. However, our engagement has shown 

these are perceived as being higher risk than 

in-house provision. 

At present it is not clear under what circumstances 

the revenue for a large, multi-AMP capacity 

contract would be allowed. As sludge treatment is 

capital intensive, this uncertainty has a material 

effect on the perception of risk. 

If the revenue risk caused by this uncertainty is 

transferred to a 3rd party capacity provider, it will 

translate into a higher cost of capital and a 

potentially unaffordable contract. 

If water companies retain the risk, it may appear 

lower risk for them to build capacity provision in 

house, even at higher cost. The RCV for appointed 

investments made from 1st April 2020 is not 

protected, but at present companies’ allowed 

revenue is only exposed to volume risk from 

sludge production varying from forecast. This is a 

lesser risk than that of the revenue for a long-term 

contract not being partly or fully allowed. 

Internal capacity provision may also be viewed as 

giving better flexibility, although this can be 

managed contractually. 

When examining this constraint, we made the 

following additional considerations: 

▪ What would happen if a regulated company 

entered a long-term service delivery contract for 

a scheme mid-AMP, when that investment was 

either not requested or disallowed as a capital 

investment at the previous price review?  

▪ What would happen if the capital expenditure to 

build a site was allowed in the price review, but 

the WaSC subsequently found that it was more 

efficient to award the contract to a third party on 

a gate fee basis? 

▪ How can water companies fairly invite tenders 

for sludge treatment services with this risk priced 

in? 

Based upon our engagement with the sector, this 

revenue risk is impacting upon procurement decisions 

and market approaches. It would be in customers’ 

interests to consider how this risk could be mitigated 

to reduce the cost of capital and encourage market 

activity.  

The point has also been made there is a risk that 

accounting rules or environmental regulations could 

change part-way through an agreement, changing 

the cost base. This could be managed contractually 

with a force majeure clause re-opening the gate fee in 

such events, as all water and sewerage companies 

would be exposed to the same cost change. 

Recommendations: 

 Create a framework to assess third party 

capacity efficiency. The demonstration of 

the third-party solution’s efficiency as 

compared to in-house provision would give 

the regulator information needed to allow or 

deny the associated revenue. In our opinion 

third party solution efficiency should be 

tested against “real” alternative scenarios. 

For example, if the capacity is dealing with 

growth, alternative scenarios with the costs 

of exporting sludge “out of system” should 

be explored as and when in-house capacity 

construction is unaffordable. 

  

Align revenue risk between in-house and 

external capacity. Our recommendation is to 

guarantee revenues for the duration of third-

party contracts which can be demonstrated as 

efficient against the above framework.   

Create a bid assessment framework. This 

would support long-term capacity contracts 

as a viable alternative to in-house provision 

by ensuring companies use best practice to 

compare bids to in-house options. 

 

R9 R10 

R11 
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F 

Recommendations: 

The cost of capital is derived from the risk-free rate for investments plus a risk premium. For incumbent 

Bioresources functions and third parties to compete using the same cost of capital, they must both carry the 

same level of risk and the level of risk must be correctly translated into a risk premium. 

We have not identified a complete solution to this constraint. One improvement could be made by reducing 

the revenue risks faced by 3rd parties to be comparable to those faced by incumbent Bioresources functions. 

See Constraint E. 

G 
Market constraint (low materiality) 

Charging overheads via gate fee 

Overcharging gate fees (for example during a long-

term headroom trade) could supress market activity, 

particularly where other costs made the transaction 

only marginally beneficial. 

Corporate overheads are typically allocated to the 

Bioresources price control based on head count (or 

similar). Capital and operational overheads are 

typically allocated using a variety of approaches. 

Overheads are not typically allocated on quantity of 

sludge treated, which makes them effectively a fixed 

cost for the purposes of headroom trades. 

A water company exporting sludge to a Bioresources 

facility in a neighbouring water company will still 

incur the same level of overhead cost internally. If the 

importing company charged a portion of its 

overheads to the exporter, it would be a double 

charge. The same applies to shared assets, which 

could be double charged in the case of long-term 

trades. 

Recommendations: 

In our opinion, companies should aim to price trades 

in a similar way to 3rd party providers. A 3rd party 

provider would structure its prices to ensure that its 

treatment asset was always optimally utilised. It 

would not necessarily try to recoup an even 

proportion of its capital costs from marginal 

additional feedstocks which were not a part of its 

business plan. 

Change approach to pricing “headroom” 

trades. This potential constraint will be 

resolved if companies charge only the 

incremental cost for the trade, in 

accordance with RAG 5.07 section 11. This 

would include overheads only where the 

trade caused a demonstrable increase in 

the overhead costs. 

R12 

Market constraint (low materiality) 

Differences in cost of capital 

The Bioresources weighted average cost of 

capital (WACC) is below that which third parties 

would typically seek for similar investments, 

which may limit water companies’ ability to 

engage these suppliers. 

Third parties are likely to operate in multiple 

sectors and geographies and may have multiple 

competing investment possibilities. They will 

generally put capital into the projects which offer 

the greatest returns in line with their strategy. 

Incumbents will need to offer a fee which is 

competitive when compared against all of a third 

party’s options. 

 

The fee should also reflect the greater risk a third 

party may assume compared to an incumbent, 

for example by not having a fleet of treatment 

assets to rely on for downtime. 

The AMP 7 WACC is 4.98% nominal. However, 

our experience shows that for a third party the 

WACC would be at least 8 – 9% nominal on a 

comparable project. The gate fee is highly 

sensitive to the WACC and so an equivalent 

third-party solution may cost more per unit; 

though third parties may be able to achieve 

lower capital cost than incumbents to offset this. 
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3. Organisation 

and Culture: 

Re-orienting for 

market success 

Regulated water companies have recently developed 

their Bioresources price control. Here we explore how 

they can be assisted further in re-organising to get more 

out of emerging markets. 
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Market constraint (medium materiality) 

Procurement authority 

Water companies typically make decisions about 

markets and procurement of capacity from within 

their Bioresources function. This limits the 

opportunity of Network+ to use other 3rd party 

service providers, away from Bioresources. 

In a future market, Network+ could be a customer, 

procuring sludge treatment services. Bioresources 

would be a supplier (but not necessarily the only 

supplier).  

With Bioresources teams making most decisions 

relating to use of markets, we can expect a natural 

bias towards “in-house” provision of solutions (either 

direct-delivered by Bioresources or passed through 

Bioresources from a 3rd party provider). This would 

constrain market activity. 

In many cases, it may be the right thing for 

Bioresources teams to manage 3rd party service 

provision. However, in a true open market, Network+ 

should be able to source services from elsewhere. 

Stranded incumbent assets have been cited as a risk 

of procuring services outside of the water company’s 

Bioresources price control. However, the RCV from 

31st March 2020 is not protected; this only applies to 

capital-intensive fixed assets; and the amount of 

sludge available for trading is relatively small 

compared to co-located sludge. 

Recommendations: 

We are aware that there are different levels of 

intervention which could be used to overcome this 

market constraint. From low to high intervention: 

a) Moving towards a bidding market model (we 

have made recommendations around this in R8, 

R9 and R10 above). 

b) Greater functional separation between 

wastewater and sludge treatment. 

c) Implementing a system operator across the 

sector to coordinate activity. 

d) Implementing bilateral markets. 

e) Auctioning of all Bioresources activities. 

Each of the above has its own benefits and limitations 

which are not discussed here. Increasing levels of 

intervention mean increasing potential cost. We 

believe we do not yet know enough about the 

potential benefits of the market to justify the more 

costly of the interventions. 

We consider that making the changes suggested in 

R9, R10 and R11 around moving towards a more 

open market would work to reduce this constraint 

without excessive cost. 

 

I 
Market constraint (low materiality) 

Risk of supplier failure 

There is a risk that any given supplier of services 

within the market will fail to meet its obligations.  

This risk has been cited by water companies as a 

suppressant to market activity. 

For a 3rd party capacity provider this also creates 

difficulty in setting a gate fee. The gate fee needs to 

be set to cover the supplier’s own risk of failure (for 

example through difficulties in recycling digestate). 

This creates the possibility that the gate fee could be 

uneconomic because of over-pricing of risk. 

For a water company the risk is that if the supplier 

fails it might be left with a large quantity of sludge 

which cannot be treated. It also may have to acquire 

new capacity at short notice. The monetisation of this 

risk may make the trade uneconomic. 

If both parties price this risk, the service may also 

become uneconomic. 

Recommendations: 

This risk is not unusual. Contractually, this risk can be 

passed to one party or the other, but this does not 

solve the problem of how the risk can be reduced far 

enough to make the trade economic (e.g. in the light 

of landbank uncertainty). 

Our recommendation, therefore, revolves around 

creating a resilient portfolio of treatment routes: 

Demonstration of resilience within 

assessment of market options. As a part of 

the assessment of the viability of a 3rd party 

trade option (See R7 and R8), analysis of 

resilience of the overall portfolio of 

treatment and recycling routes should be 

undertaken. This should include 

diversification and emergency options. 

R13 
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J 
Market constraint (high materiality) 

Lack of synchronisation and joint planning 

In Section 1 we identified different types of market 

led capacity investment as material opportunities 

to bring market benefit to water companies. These 

require long term strategic and joined up thinking. 

This is currently limited by a lack of alignment 

between water company investment cycles. 

Efficiencies can be obtained by siting new capacity 

optimally on a regional (geographical) basis rather 

than on a company basis (see worked example in 

Constraint B). Due to the presence of existing assets 

and sites with different asset lives, this is a long-

term opportunity for regionally optimal sites. 

There is presently a lack of synchronisation and no 

agreed process for companies to jointly plan new 

capacity. We have considered several ways to 

achieve this: 

a) Allowing synchronisation to develop 

organically based on the industry’s built-in 

incentives to be efficient. Activity to date has 

shown that this has been of limited effect. 

b) Publication of expanded market information. 

We recommend that the market information 

should include indicative tradeable capacity as 

well as forecast shortfalls and details of how 

third parties can monitor for opportunities to 

supply capacity.  

c) Incentivisation of joint planning and/or market 

engagement at each price review to support 

planned capacity procurement for the AMP. 

This may incentivise joint planning throughout 

the AMP if announced well before the price 

review. 

d) A water resources-style joint adaptive planning 

process which requires companies to consult 

with one another and the wider market, share 

demand and capacity forecasts and develop 

coherent shared sludge management plans. 

This is more likely to be effective on a regional 

level than a national level due to the 

economies of sludge transportation and could 

include the creation of formal regional 

planning partnerships. 

These could be made inclusive of other 

capacity providers or buyers including in the 

waste and farming sectors. 

Recommendations: 

There is a unique opportunity to meet IED 

requirements through use of markets. A passive 

approach to joint planning (i.e. organic 

development) will be too slow.  

Therefore, our recommendations are as follows: 

Expand market information. An 

expansion of the market information 

would be an appropriate development of 

the price control because it would reduce 

uncertainty about other companies’ 

plans without much additional cost.  

Form regional planning partnerships. 

We recommend that incentivisation of 

market engagement and joint planning 

should be used at the price review; and 

companies should form regional 

planning partnerships now to help 

manage the impacts of IED and in PR24.  

 

R14 

R5 

There is a unique market opportunity for joint planning 

for IED in AMP 7 

Companies may be able to respond to IED more effectively 

if they plan together due to the potential for closing and 

centralising capacity. 

Using a regional planning partnership, water companies 

could share sludge production forecasts and definite 

capacity by site to give a shared basis for modelling. 

Water companies could undertake modelling to find 

potential optimal locations and approximate size of 

capacity required. They could look at options for new 

technology deployment or centralisation. 

They could then invite expressions of interest for supplying 

capacity, based on the regional optimal locations 

identified and implement the most economically 

advantageous solution. 
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Market constraint (medium materiality) 

Differences in accounting for overheads, shared assets and energy K 

Water company differences in accounting for 

overheads and shared assets lead to different fixed 

and variable costs for gate fee creation or for market 

comparison. This suppresses market activity as it 

becomes difficult to identify what economic market 

activity and competitive gate fees look like.  

The Bioresources price control shares costs and services 

with the wider water company. Some of these services 

are accounted for via overheads and others via cost 

allocations for shared assets.  

These typically form a substantial proportion of the 

Bioresources unit cost. In turn, this affects how 

companies price capacity, particularly on the long-term 

basis, and how they evaluate quotes for capacity against 

their internal unit cost. 

Companies apply different amounts of overheads and 

shared asset costs, and energy costs and revenues to 

sludge treatment. These differences can arise from real 

differences in the cost of services. Examples of possible 

causes include differences of scale, corporate structure, 

financing costs, regional wage variation, procurement 

decisions, discharge consents and energy incentives. 

However, there are also differences in how costs are 

allocated and capitalisation policies which may also 

cause substantial differences in overhead and shared 

asset amounts. There is a hierarchy of allocation 

methods. Direct costs are allocated first; then various 

forms of preferred allocation are used; and finally the 

remaining costs are allocated into overheads.  

R15 

R16 

These differences may be significant enough to make 

like-for-like comparison of company Bioresources 

efficiency very difficult. Whilst not a markets constraint 

in itself, this lack of visibility makes it impossible for 3rd 

party service providers and headroom capacity 

providers to identify whether they are competitive. 

 

Recommendations: 

Expand market information as 

recommended above. 

Require companies to undertake open 

procurement for new capacity. This would be 

similar to a bidding market, but fall short of 

requiring capacity and demand forecasts with 

the shortfall being put to market. 

This recommendation would work together 

with putting treatment decision-making 

authority with Network+, which would have 

to select the best option from multiple 

parties. 

R14 

R17 

Recommendations: 

Consider more prescriptive accounting 

rules. Before creating more detailed 

guidance on accounting for overheads and 

shared assets, the variability between 

companies should be characterised. This 

has not been investigated before and it 

may prove that variance is not material. If 

it is, more prescriptive guidance on how 

overhead, shared asset and labour costs 

should be allocated to Bioresources 

should be developed to give companies 

comparable approaches. 

Specific guidance on shared assets and 

services. In the short term, updating the 

Regulatory Accounting Guidelines to 

specify how odour control should be 

allocated (e.g. by airflow) and reviewing 

and possibly amending further how energy 

costs and revenues are allocated would 

resolve part of this issue.  

L 
Market constraint (medium materiality) 

Procurement approaches 

Under current rules third-party capacity would be 

procured via the Official Journal of the European 

Union, which can be a cumbersome process. 

Incumbents typically streamline their procurement by 

creating procurement frameworks with selected 

suppliers. This greatly simplifies procurement of new 

in-house capacity but can have the effect of 

restricting access to opportunities by capacity 

suppliers who are not on engineering frameworks. 

This means that opening the market would require a 

different approach to procuring capacity. 

R15 

R16 
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4. Technical 

and Physical: 

The market in 

its environment 

Bioresources can be moved by road and is therefore 

tradable, but it exists in the context of several physical 

constraints. In this section we examine how our 

technology hasn’t yet overcome all of those constraints. 
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It can be difficult to manage dry solids performance 

across the Network+ Bioresources boundary where a 

strong separation exists between functions. 

Company A has a strong separation between Network+ 

and Bioresources. Network+ managers see their role as 

ensuring tankers are called when needed to protect 

wastewater compliance. They have no decision on who 

picks up the sludge. They don’t spend their budget 

checking and controlling sludge thickness. If poor 

quality (low % dry solids) sludge is received at a 

Bioresources sludge centre, it is unclear whether it is 

the timing of the (Bioresources) tanker collection or 

the decanting activity of the (Network+) operator to 

blame. Cost is difficult to allocate. 

In company B, sludge treatment is operationally a part 

of wastewater treatment, under one management 

structure. Although liquid transport is part of the 

Bioresources price control according to the regulatory 

accounts, the same managers are responsible for 

effluent compliance and sludge dry solids on each site. 

If a load is out of specification there is no need to 

allocate responsibility and managers seek to optimise 

operations as a whole. 

Water in sludge has no value and only brings the 

costs associated with transport and liquor 

treatment. The added weight of water in sludge 

make it difficult to transport and trade. 

Transported sludge is typically between 2% and 

25% dry solids (75% to 98% water). This is a 

highly material physical constraint on market 

activity because the less transportable sludge is, 

the fewer the economic market options there are 

for treatment.  

This constraint cannot be completely removed. 

However, tradability of sludge could be increased 

by better thickening and dewatering – particularly 

thickening, as across the industry liquid transport 

represents nine times more work than cake 

transport. Our market engagement has identified 

two potential types of improvement which could 

be made in this area: 

▪ Incentivisation for improving the % dry solids 

of sludge passing from the Network+ price 

control into the Bioresources price control. 

▪ Technological innovation and improvement 

leading to the improvement of sludge 

thickening. 

In our work for this project we considered whether 

a change in the Bioresources/Network+ boundary 

to include liquid tankering in Network+ would be a 

useful intervention to incentivise wastewater 

treatment managers to prioritise sludge dry  

Recommendations: 

Improve understanding of end to end treatment cost and internal gate fees. In order to 

make improvements, water companies need to understand the transport and treatment 

costs at each entry point into the Bioresources price control. With this information, 

companies could choose to implement internal gate fee and/or service level agreement 

mechanisms based upon site-by-site cost to treat and using operational accounts. At this 

stage we do not recommend any changes to the price control because of the potential 

negative impacts as described in Appendix A. 

Invest in improvements to sludge quality within Network+. Improvements to thickening 

technology may take many years to achieve a positive net present value and will need to 

be evaluated against competing sludge treatment investments. We recommend keeping 

the possibilities under periodic review. 

R18 

R19 

Solids (Appendix A). While this could bring benefits, 

we also identified good reasons not to make this 

change. Therefore, our recommendations are aimed at 

improving sludge transportability within the current 

price control structure. 

M 
Market constraint (high materiality) 

Water content, quality and transportability of sludge 
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N 
Market constraint (high materiality) 

Technological uncertainty 

If biosolids to land is severely restricted or prevented 

(see Constraint A), there is no established alternative 

treatment technology to anaerobic digestion except 

for incineration. Incineration is high cost, high 

energy and produces little useful output. 

The bioresources sector in the UK is almost entirely 

dependent on anaerobic digestion (AD) or advanced 

anaerobic digestion (AAD) as a treatment process. AD 

and AAD processes are both in turn almost entirely 

dependent on the ability for treated biosolids to be 

recycled to agricultural land.  

Should the future of spreading biosolids to land be 

curtailed, given current technology availability, there 

would need to be a return to thermal treatment. The 

impact of this risk materialising with only current 

technologies (i.e. incineration) would be: 

▪ A significant blow to Net Zero ambitions for the 

sector. Incineration has a significant carbon 

footprint and a poor energy balance. 

▪ Significant impacts on customer bills, as 

incineration brings high construction and 

operation costs.  

The UK industry has yet to demonstrate an 

established alternative technology.  

 

 

Sludge is a complex substance and there is no 

commonly accepted scale on which to measure its 

quality. We believe this may discourage trading 

activity because the value of sludge depends on its 

energy generation potential, the amount of work 

required to treat it, the ability to process it and 

potentially its value as a soil improver. 

We are aware of a number of potential short-term 

cross-border trades which have been impacted upon 

by inability to agree to a common measure of sludge 

quality and/or provide sludge to the quality required, 

and the downstream physical impact of sludge 

quality. Sludge quality measurement is also an issue 

for internal water company transfers between 

Network+ and Bioresources price controls. 

Recommendations: 

There is a group of technologies (termed “advanced 

thermal treatment” and including pyrolysis and 

gasification) which offers to provide destruction of 

contaminants in sludge, energy generation and recovery 

of nutrients.  

Our discussions have revealed that there is a strong 

sense in the sector (among water companies and 

academics) that these technologies will be the future of 

sludge treatment. However, activity to date has shown 

that the investment and risk required to establish these 

technologies in the market at scale is too large for any 

single water company or market entrant to bear. 

Sectoral innovation in advanced thermal 

treatment technologies. Collaborative 

industry effort to accelerate projects in the 

pilot phase (or alternative technologies) to 

meet the requirements of the sector in the 

next decade. 

 

O 
Market constraint (low materiality) 

Measurement of sludge quality 
Recommendations: 

This is a complex area and as such we have provided 

additional analysis, including recommendations around 

sludge quality measurement within Appendix C. Our 

ultimate recommendation is as follows:  

Develop sector level measures for sludge 

quality. This would enable the industry and 

Ofwat to have a shared understanding of 

sludge quality so that quality can be 

considered at future price reviews. 

Undertaking this at a sector level will improve 

the common understanding of sludge quality 

measurements for trades and will enable a 

more rapid development of headroom trade 

prices and service level agreements for 

capacity provision. 

R20 

Our engagement with the sector has shown that 

this lack of certainty around the future technology 

to be deployed is deterring some investment.  

 

R4 
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Market constraint (medium materiality) 

Physical differences between sewage sludge and other waste 
P 

Whilst codigestion or cotreatment represent real 

opportunities for the UK Bioresources market, 

there are some physical differences in the 

treatment of the two types of material which will 

constrain market activity. 

There are two opportunities for codigestion of 

sewage sludge in other organic waste facilities in 

the UK: 

▪ Filling ‘spare’ capacity during shortages of food 

waste feedstock to maximise asset utilisation. 

As local authorities are now increasing food 

waste collections in response to new legal 

requirements to collect food waste separately 

by 2023, the availability of feedstocks will 

increase and the opportunity for this is 

diminishing. 

▪ Diluting high dry solids food waste for use in 

lower dry solids digestion processes. Typically, 

food waste is transported at above 30% dry 

solids before being watered down into a ‘soup’ 

for digestion. Liquid sludge could be used 

instead of water; but in practice the additional 

testing, research, permitting, process control 

and stakeholder management is likely to make 

this uneconomic. 

There are a number of regulatory constraints at 

present: 

▪ Accepting sewage sludge as a feedstock to 

other organic waste digestors could reduce the 

landbank available, because the other organic 

waste sector typically obtains end of waste 

status for its digestate (see Appendix B). Loss 

of this status, or redefinition of end of waste to 

allow sewage sludge, would require 

renegotiation of spreading biosolids to land 

with farmers and retail. Spreading codigestate 

without end of waste status would, similarly to 

the water industry (Constraint C), require 

spreading through EPR. 

▪ Similar to the water industry (Constraint D), 

some stakeholders reported that it isn’t certain 

whether or how non-accredited feedstocks (in 

this case sewage sludge) would affect energy 

incentives. 

There are also a series of physical differences in the 

properties and the treatment processes applied to the 

different materials. 

▪ Sewage sludge has a lower biomethane potential 

than the same dry weight of food waste, so 

introducing sewage sludge to a food waste digester 

would reduce energy yield per dry unit of feedstock, 

while increasing the quantity of digestate. 

▪ Food waste anaerobic digestion typically operates at 

16% dry solids, which is significantly higher than 

both conventional and advanced sewage sludge 

anaerobic digestion. Reducing the percent dry solids 

of food waste digestion would reduce the effective 

throughput of the process, reducing the gas yield per 

volume of digestor space. 

▪ Some anaerobic digestion facilities built and 

operated on a commercial basis for the treatment of 

wastes are designed as dry AD plants. Plants 

designed in this manner may not be suitable to 

codigest sewage sludge due to the increased 

moisture content that the sludge would bring. 

▪ Food waste anaerobic digestion typically operates at 

retention times of 30 – 80 days, which is significantly 

higher than typical sewage sludge digestion retention 

times. Increasing the retention time for sewage 

sludge or decreasing it for food waste may decrease 

the efficiency of the process and affect digestate 

quality and storage characteristics. 

▪ Sewage sludge can be more susceptible to physical 

contamination, depending on how it has been 

screened or pressed. This could adversely affect 

organic waste treatment processes. 

▪ Food waste digestate is typically screened at 0.5mm, 

which is far smaller than typical screen sizes for 

sewage sludge. This could be problematic 

operationally and create excessive screenings. 

There are also additional infrastructure requirements 

associated with other organic wastes and some additional 

regulatory requirements which would add to scheme cost 

but which haven’t been covered here in detail. 

We have made no recommendations here (save for those 

referenced in other parts of the report), however have 

included this discussion for completeness. 
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5. Conclusions and 

recommendations 
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Conclusions and Recommendations 

We conclude that there are several actions which could be implemented to enable or accelerate the 

development of Bioresources markets, which would enable benefits to be realised over the next two AMP cycles. 

Some of these actions are clarifications and some could be requirements for the next price review.  

We don’t believe that a wholesale change in market operation (See Constraint H) would yield benefits which 

were larger than the costs of implementation. In any case we would recommend waiting for some of the larger 

environmental regulation constraints to be resolved before fully judging the success of market development and 

applying large wholesale change to market operation. 

Our individual recommendations are presented below. Some recommendations address multiple constraints, 

however broad classifications are as follows: 

▪ Regulatory (and knowledge). Recommendations in this section focus on the need to remove uncertainty 

around environmental regulations to give water companies and 3rd parties confidence. Some of this will be 

resolved in time (for example through the Environment Agency’s sludge strategy), however we recommend 

some additional actions to ensure that opportunities are not missed (e.g. through market opportunity 

presented by IED). In addition, there are some actions which can be implemented to remove other 

uncertainty (e.g. revenue risk for long term contracts). 

▪ Cultural and Organisational. Our recommendations here revolve around the creation of frameworks and 

clarifications for things like sludge quality measurement, bid assessment and for evaluating 3rd party 

provision of services against internally delivered alternatives. In addition, we believe that there are 

opportunities for companies to work together to achieve regional efficiency, for example by forming 

regional planning partnerships. 

▪ Technical and Physical. Some physical constraints cannot be overcome, though may be improved upon (for 

example improving dry solids performance). Our main recommendation in this section is around sector-led 

development of new technology to treat emerging contaminants, should biosolids to land be constrained. 

Procurement and 3rd party decisions are being delayed due to uncertainty around what technology to 

deploy considering this risk, but the lack of activity to date has shown that large-scale investment in such 

innovative technology is too significant for a single water company or 3rd party to bear. 

 

 

# Recommendation Constraints addressed 

R1 Continue to research the safety of biosolids. A programme of chemical 

investigations which will help to address this is ongoing. Future research 

should include mixed feedstocks to support future codigestion. 

A. Biosolids to land 

uncertainty 

R2 Deliver the Environment Agency sludge strategy with permitting flexibility. 

The sludge strategy is due to be implemented in 2023. 

A. Biosolids to land 

uncertainty 

R3 Resolve uncertainty around farming rules for water.  A. Biosolids to land 

uncertainty 

R4 Sectoral innovation in advanced thermal treatment technologies. 

Collaborative industry effort to accelerate projects in the pilot phase (or 

alternative technologies) to meet the requirements of the sector in the next 

decade. 

N. Technological 

uncertainty 

A. Sludge to land 

uncertainty 

R5 Form regional planning partnerships. We recommend that incentivisation of 

market engagement and joint planning should be used at the price review; 

and companies should form regional planning partnerships now to help 

manage the impacts of IED.  

B. IED uncertainty 

J. Lack of 

synchronisation and 

joint planning 

Table 1: Summary of recommendations 
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# Recommendation Constraints addressed 

R6 Take cross-border rationalisation into consideration as a possible justification 

for IED compliance deadline exceptions. Companies may be able to show that 

rationalising sites across company borders has commercial and/or 

environmental benefits, and that this will necessarily require more time for 

planning. In these cases an exception to the compliance deadline may be 

reasonable. 

B. Industrial Emissions 

Directive (IED) 

uncertainty 

R7 Simplify permitting requirements by demonstrating safety and reliability of 

specific mixed waste streams via the Environment Agency’s assessment 

framework and working with stakeholders to have these accredited for 

spreading biosolids to land. The sludge strategy should allow light-touch 

permitting for low-risk mixed feedstocks. 

C. Cost of digestate 

spreading permitting 

for codigestion 

R8 Review energy generation incentive scheme rules. Experience from the other 

organic waste sector and at least one water and sewerage company shows 

that accepting multiple or mixed waste feedstocks need not jeopardise 

existing accreditations. 

D. Specificity of energy 

generation incentives 

R9 Create a framework to assess third party capacity efficiency. The 

demonstration of the third-party solution’s efficiency as compared to in-

house provision would be an enabler to a revenue pass-through. 

In our opinion third party solution efficiency should be tested against “real” 

alternative scenarios. For example, if the capacity is dealing with growth, 

alternative scenarios including the cost of exporting sludge “out of system” 

should be explored where in-house capacity construction is unaffordable. 

E. Revenue risk for long 

term contracts 

R10 Align revenue risk between in-house and external capacity. Our 

recommendation is to guarantee revenues for the duration of third-party 

contracts which can be demonstrated as efficient against the above 

frameworks.   

E. Revenue risk for long 

term contracts 

R11 Create a bid assessment framework. This would support long-term capacity 

contracts as a viable alternative to in-house provision by ensuring companies 

use best tendering practice to compare bids to in-house options. 

E. Revenue risk for long 

term contracts 

R12 Change approach to pricing “headroom” trades. This potential constraint will 

be resolved if companies charge only the incremental cost for the trade, in 

accordance with RAG 5.07 section 11. This would include overheads only 

where the trade caused a demonstrable increase in the overhead costs. 

G. Charting overheads 

via gate fee 

R13 Demonstration of resilience within assessment of market options. As a part of 

the assessment of the viability of a 3rd party trade option (See R7 and R8), 

analysis of resilience of the overall portfolio of treatment and recycling 

routes should be undertaken. To include diversification and emergency 

options. 

I. Risk of supplier 

failure 

R14 Expansion of market information. An expansion of the market information 

would be an appropriate development of the price control at this point, 

because it would reduce uncertainty about other companies’ plans without 

much additional cost. 

J. Lack of 

synchronisation and 

joint planning 

L. Procurement 

approaches 

R15 Consider more prescriptive accounting rules. More prescriptive guidance on 

how overhead, shared asset and labour costs should be allocated to 

Bioresources. 

K. Differences in 

accounting for 

overheads and shared 

assets 
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# Recommendation Constraints addressed 

R16 Specific guidance on shared assets and services. We also consider that in the 

short term, updating the Regulatory Accounting Guidelines to specify how 

odour control should be allocated by (e.g. airflow) and reviewing and possibly 

amending further how energy costs and revenues are allocated would resolve 

part of this issue. 

K. Differences in 

accounting for 

overheads and shared 

assets 

R17 Require companies to undertake open procurement for new capacity. This 

would be similar to a bidding market but fall short of requiring capacity and 

demand forecasts with the shortfall being put to market. 

This recommendation would work together with putting treatment decision-

making authority with Network+, which would have to select the best option 

from multiple parties. 

H. Procurement 

authority 

L. Procurement 

approaches 

R18 Improve understanding of end to end treatment cost and internal gate fees. 

In order to make improvements, water companies need to understand the 

transport and treatment costs at each entry point into the Bioresources price 

control. With this information, companies could choose to implement 

internal gate fee and/or service level agreement mechanisms based upon 

site-by-site cost to treat and using operational accounts. 

M. Water content and 

transportability of 

sludge 

H. Procurement 

authority 

R19 Invest in improvements to sludge quality within Network+. M. Water content and 

transportability of 

sludge 

R20 Develop sector level measures for sludge quality. This would enable the 

industry and regulator to have a shared understanding of sludge quality so 

that quality can be considered at future price reviews. Undertaking this at a 

sector level will improve the common understanding of sludge quality 

measurements for trades and will enable a more rapid development of 

headroom trade prices and service level agreements for all capacity 

provision. 

O. Measurement of 

sludge quality 
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Appendix A. Additional analysis 

A.1 Joint capacity market opportunity 

Joint capacity could mean building entirely new sites specifically for more than one water and sewerage 

company. In practice, though, joint capacity is likely to come from incremental upgrades to sites. For example, 

one water and sewerage company told us that it could release several thousand dry tonnes per year of capacity 

for a neighbour at one of its sites through a relatively small pre-treatment upgrade. 

Both types of investment would be non-appointed and would come under our definition of joint capacity. The 

crucial question is how the importing company would account for this new capacity to give a fair price to the 

exporter, protect its own customers and avoid distorting the market for third parties. 

As explained in the report, we consider that the short-run marginal cost should be applied where trades use 

appointed assets, and companies are not restricted by the Regulatory Accounting Guidance in how they set non-

appointed prices. 

The short-run cost is any cost which will materially change as a result of the additional throughput, such as 

energy costs and revenues; chemicals; screenings disposal; and digestor cleans and other maintenance of 

appointed assets, all of which should be annualised and shared proportionately between appointed and non-

appointed throughput. 

A.2 Alterations to price control boundary 

We considered whether it could be beneficial to alter the Wastewater Network+/ Bioresources boundary to 

include liquid tankering in Network+. We found that while there would be benefits, there would also be 

disbenefits which could negatively affect the market. Therefore, we have not recommended this change. 

The benefits of moving liquid tankering to the Network+ price control could be: 

▪ To incentivise Network+ to optimise the proportion of dry solids of sludge transported by aligning the 

responsibility for percent dry solids with the entity most able to control them. Reducing percent dry solids 

would have a beneficial effect on transport costs through reducing the amount of water transported. 

▪ Reducing the number of physical interfaces between Network+ and Bioresources by a factor of10 to 20. At 

present, Network+ has a physical interface with Bioresources at every point where a tanker collects liquid 

sludge. By bringing tankering costs and operation into Network+, these interfaces would be located at the 

sludge receiving centres instead. This could simplify monitoring and quality control where a strong 

separation between price controls has been implemented. 

▪ Simplifying service level agreements. Our conversations with WaSCs who have implemented internal re-

charges to manage the liquid sludge transfer into Bioresources have shown ambiguity around responsibility 

for production and transport of low-quality sludge. 

▪ Removing the ambiguity which exists around the ownership of thickening sites. Because thickening assets 

are included in Bioresources where they receive imports (and Network+ where they don’t), their allocation 

can be switched depending on variable practice and interpretation. 

▪ Removing “back transfer” ambiguity. In many water and sewerage companies, sludge can pass back from 

Bioresources into Network+. This occurs particularly where liquid tankers (Bioresources) transfer sludge into 

inlet works (Network+) on an as needs basis. For example, a tanker may one day move sludge into a 

Bioresources centre (the tanker is a Bioresources cost / asset) and the next day move sludge into the head of 

a works (the tanker is a Network+ asset). 

▪ Placing the decision as to who transports and treats liquid sludge with the main customer, Network+. This 

reflects a cleaner open market. 

The disbenefits of making Network+ responsible for liquid tanker operations could be: 

▪ Network+ could send some sludge to other treatment providers, leaving Bioresources with stranded assets 

and potentially high unit costs for the remaining sludge. 
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▪ Where companies implement a strong separation between price controls, to signal to Network+ which sites 

are open or preferable for imports, Bioresources would have to either: 

o Regularly provide Network+ with dynamic gate fees on a site by site basis, increasing administrative 

effort; or 

o Specify to Network+ the capacity available at each site. This would be akin to the planning that the 

Bioresources function currently undertakes, but with the added complication and possible delay of 

handing this information on to another team. 

▪ Transport and treatment costs would not be seen together in the price control structure, so companies may 

not continue to efficiently optimise the location of capacity and the combined cost.  

▪ The Bioresources functions of WaSCs with few sites and lots of transport may appear very efficient compared 

to others, possibly incentivising excessive centralisation or presenting a distorted view of the industry to the 

regulator. 

A.2.1 Control of dry solids performance 

The dry solids content (or dry solids performance) of sludge being transferred to wastewater Network+ is of high 

importance because: 

▪ Poor dry solids performance (low percentage dry solids) means more tankers being deployed to deal with 

the additional water being transferred around the region. Consider that 10 tDS being tankered at 5% dry 

solids will mean 200 m3 of liquid to be tankered (c. 7 loads of sludge). The same amount of sludge being 

tankered at 2% dry solids will mean 500 m3 of liquid (c. 18 loads). Poor performance means more tankers 

which can overload a fleet (if not mitigated) and cause compliance problems through solids backing up into 

the sewage works (as well as the obvious high cost). 

▪ Poor dry solids performance (whether tankered or transferred by pipe) also means the production of more 

liquor at the exporting and receiving Bioresources facilities. This takes up space in various silos and can lead 

to solids backing up into the sewage works and causing compliance problems, also higher cost of treatment. 

▪ Additionally, poor dry solids performance means additional liquors being produced within Bioresources 

sludge centres. This has, hitherto been a hidden cost. In the future following the liquors recharge review, this 

will be an additional cost. 

Most sludge which is tankered comes from small wastewater facilities. It can typically represent around 25% of a 

water company’s total sludge production. These liquid sludge exporting sites tend to have little in the way of 

thickening (or monitoring) equipment. Sludge is often collected via a sludge holding tank, from which the 

topwater is periodically decanted. Our experience is that maintenance of these assets is not a priority in the water 

sector. 

The maintenance, the onsite Network+ operation and the tankering (and logistics) are all key to achieving a high 

dry solids (good performance): 

▪ Site operational teams must ensure that sludge dry solids are as high as possible prior to collection by the 

tankers. Their driver is to ensure compliance by ensuring sludge is removed, not the performance or cost of 

downstream collection, storage, thickening/dewatering or treatment. If they do not decant/thicken at the 

appropriate time, the sludge collected will be low dry solids (poor quality). 

▪ Tankering (and logistics) teams want to ensure that the tanks are emptied when requested. They often do 

not get to see the quality of the sludge until they have collected, transported and discharged through a 

logger. If they collect too early (or too late), the sludge will not be ready and the dry solids will be poor. 

Often they are on a regular schedule that may not coincide with site operating practices. 

▪ Maintenance is key. If the assets are not in a good condition, then good quality sludge cannot be produced. 

These assets, however, are often not critical to a wastewater treatment plant’s performance (so long as liquid 

sludge can be collected, even if it is very low dry solids), therefore maintenance is not often highly 

prioritised. 

The issue of poor sludge thickness from Network+ could be managed with an appropriate whole-company 

approach to reducing cost. This is supported by the cost sharing structure of the price controls, where costs 
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incurred in Network+ are shared with customers, but costs incurred in Bioresources are not. However, as 

indicated in the main body of this report, operational practice can favour savings within the price control rather 

than across the company where a strong division between price controls exists.  

A.3 Differences in accounting for overheads and shared assets 

There are several ways the cost allocation market constraint could be addressed within the current long-run 

marginal cost rules. 

i. A single, prescriptive accounting method for sludge treatment could be specified to ensure the differences 

in overhead and shared asset cost were due to real cost differences and not accounting differences. 

However, this would entail a review of accounting practice for the whole of each water company, because 

changing which costs are allocated to sludge treatment would affect which costs are allocated to the other 

price controls as well. 

ii. An alternative resolution would be for sludge treatment to be unbundled from the rest of the water 

company. This would create a hard separation between sludge treatment and the rest of the company and 

force the sludge treatment business to create its own corporate structure and accounting. This could 

inadvertently introduce inefficiencies by duplication of effort. As sludge services are not truly independent 

of wastewater processes as process flows are transferred back and forth across a notional system boundary 

(e.g. return liquors, odour and washwater) this could also cause difficulty administrating service level 

agreements. 

iii. A third option, only for overheads, would be to specify a fixed overhead proportion which companies may 

allocate to the sludge treatment activity. However, this would affect all other price controls and would also 

fail to create equality between companies, because the size of the pot for allocation varies between 

companies, partly due to accounting practice. So (for example) 15% of overheads for one company might 

mean something different to 15% of overheads to another. 

iv. Alternatively, a fixed percent of overheads could be applied to bioresources costs. However, this would 

distort the remaining pot of overheads for allocation to the other price controls. It would also override 

company ability to allocate based on other bases such as headcount.  

v. The final management option we have identified is to leave overhead accounting unchanged from current 

practice. The weakness of this approach is that it will not improve the visibility of the costs of overhead 

activities, and so will not make them more capable of challenge and further efficiency. 

As set out in the main report, we consider that a review of the materiality of the issue is the first step towards 

revolving it. 

A.4 Carbon and Net Zero 

We considered whether any features of the water industry’s commitment to reach net zero operational 

greenhouse gas emissions by 2030 could affect market development. Sludge treatment operations are a large 

factor in the water industry’s carbon balance. We found that there appears to be no constraint on market activity 

here, and possibly the incentivisation for companies to export to sites which have lower carbon emissions. 

The design of the net zero route map specifies that where water companies’ core functions are outsourced, they 

remain within the scope of net zero reporting. Where one water company imports sludge from another, for the 

importing company the activity is non-appointed and therefore outside of the scope of net zero.1 

This means that the exporting company will report the importing company’s emissions for treating the exported 

sludge. The effects of this could be:  

▪ A change in emissions for treatment of the exported sludge if the receiving company’s treatment technology 

is different. 

▪ Incentivisation to send sludge to sites with lower emissions. At present this would only occur when the 

treatment technology is of a different type, because the Carbon Accounting Workbook which is used to 

 
1 Refer to the Net Zero Routemap section 2. https://www.water.org.uk/routemap2030/wp-content/uploads/2020/11/Water-UK-Net-Zero-2030-

Routemap.pdf 
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report emissions uses factors for different types of site. For incentivisation to be effective, site-level 

monitoring and reporting of emissions is required. We are aware of ongoing efforts by UKWIR to progress 

towards this. 

Where the exporting company receives the carbon benefits from better energy recovery at the receiving site, the 

capacity provider is likely to want to reflect this in the gate fee. 

A.5 Acknowledgement of differences between English and Welsh environmental 
regulations 

There is a potential risk that differences in environmental regulation between England and Wales could shape 

the industry between the two nations or (due to cost effects) incentivise transfers of sludge from one nation to 

the other, though our engagement has given no evidence that this is the case. We recommend that the merits of 

alignment should be considered. Furthermore, to understand the impact of any misalignment that might arise in 

future, we recommend monitoring the industry response to developments in English regulation by using the 

published data on sludge transfers available in the market information; data on deployments made to land; and 

(when available) PR24 business plans and forecasts on the use of treatment technologies. These may be used to 

evaluate the market effects of regulatory alignment between the two nations, and together with an evaluation of 

the environmental benefits and disbenefits of biosolids could be used to evaluate the net environmental benefit 

of future regulatory alignment. 
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Appendix B. Factors influencing the commercial attractiveness of 
sewage sludge as a feedstock for organic waste AD 
facilities and their impact on gate fees 

 

B.1 Introduction 

This section considers wet digestion processes such as used for sewage sludge and other organic waste, rather 

than dry processes such as used for energy crops. It also focuses on large-scale commercial digestion, rather 

than small-scale farm digestion. While there is in theory an opportunity for farm AD to participate in the sludge 

market, the quantities involved would be small and there is significant scepticism in the water industry about the 

farming sector’s willingness and suitability to supply capacity. 

Codigestion describes the process during which several different waste types are mixed and anaerobically 

digested. This process can have clear benefits, firstly in improving the ability to digest certain difficult to digest 

waste types, and also, in the case of sewage sludge, adding to the existing calorific value thus increasing the 

biogas output of the digestion process. This review considers the use of sewage sludge as a key component 

(either the substrate or feedstock) in the codigestion process.  

During the AD process, the organic matter will be decomposed by a microbial population in an oxygen-free 

environment. The main outcome of the AD process is the production of methane (50–75%), carbon dioxide (19–

34%), and a small portion of biohydrogen (1%). The residual of the process, known as digestate, is a stabilised 

liquid of between 4-10% dry solids. This digestate can either be recycled as a liquid to land for agronomic 

benefit or more typically, dewatered to reduce the volume to produce a cake product of between 20-35% dry 

solids. This cake product is then typically recycled for beneficial use in agriculture.  

In evaluating the impact of physio-chemical, biological, operational, and technical factors on the viability of 

codigestion there are two cases that should be considered, namely: 

1) Codigestion of organic wastes as the feedstock and sewage sludge as the main substrate 

2) Codigestion of sewage sludge as the feedstock and other organic wastes as the main substrate 

For each of these scenarios, the considerations that will influence the viability and attractiveness of codigestion 

will be weighted differently. 

B.2 Codigestion Feedstocks for Organic Waste AD Facilities 

Organic waste AD facilities (either Local Authority or commercially operated) typically have long-term contracts 

in place to provide a base load of feedstock to their facility. These contracts are often municipal food waste 

collections or large industrial producers (such as the food and beverage sector). Whilst fees received or revenue 

payments are usually agreed within the base contract for these feedstocks, regular assessment of their value is 

undertaken. This is achieved by testing and validation of a key number of parameters such as dry matter, volatile 

solids content, level of contamination and biomethane potential (BMP) against the target values set out within 

the commercial agreements in place.  

In addition to contracted base loads, commercial AD facilities also sell their spare treatment headroom into the 

market, competing with one another to secure additional feedstocks on a short and medium-term basis. In 

selecting which feedstocks to accept, consideration has to be given to the overall balance or blend of organic 

wastes being fed-forward to any anaerobic digestion process. In particular, the dry solids content of the feed, 

alkalinity and the Carbon: Nitrogen (C:N) ratio must be monitored. In addition, the physical limitation of the 

process and assets must also be taken into consideration. The potential to sour or inhibit the digestion process 

either through the introduction of toxic substances or through contamination of feedstock with inhibitory 

compounds should also be factored in when selecting feedstocks.  

B.3 Gate Fees 
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Gate fees are the sums paid by the waste producer to have their waste stream accepted as a feedstock for 

processing at a facility. The fee is based on a per wet tonne value as delivered (i.e. does not include the transport 

cost to the facility). The gate fee paid may be impacted by: 

The volume of feedstock to be delivered – Larger, frequently occurring volumes of feedstock are likely to attract 

a bulk discount due to their ability to add to a facilities base organic load. Where possible, facility operators will 

seek to enter into medium to long-term contracts with producers of bulk waste streams of known specification. 

These are typically manufacturers and producers in the food and beverage sector. Such waste streams include 

out of specification product (e.g. yoghurt, whey products, etc.) or production by-products (e.g. distillery spent 

grain, pot ale etc).  

Pretreatment requirements – The installed assets and their ability to receive and pre-treat waste streams will 

determine what can be received. For example, a site that is designed to take in predominately dry, kerbside 

collected food waste may have limited capacity to receive bulk liquid waste streams. Likewise, a facility designed 

to process liquid and slurries may not have the capability to de-package and screen dry wastes. 

Type and quantity of packaging – Packaged waste will generally demand a higher gate fee than bulk waste due 

to the requirement to de-package and sort litter from the feedstock. There are also additional costs associated 

with the disposal of packaging waste, which usually requires landfilling or incineration. UK market data (WRAP, 

2021) indicates that depending upon the type of packing, it incurs an additional £1-5 gate fee per wet tonne, 

equivalent to an additional 10 -50%.  

Level of contamination – The level of litter or foreign body contamination within a particular waste stream can 

have a significant impact on its attractiveness and viability for anaerobic digestion. Wastes such as kerbside 

collected municipal food waste and event catering wastes tend to have high levels of cross-contamination with 

plastics and metals and therefore require pre-treatment prior to being considered as suitable feedstocks. This 

pre-treatment typically involves screening, magnetic sorting and maceration.  

Volatile Solids Content – The volatile solids (VS) content of a feedstock provides a good indication of its organic 

content and therefore its digestibility.  Figure 1 illustrates that typical feedstocks such as food waste have a 

volatile solids content of 89% as a percentage of total dry solids compared to sewage sludge which, depending 

on the upstream wastewater treatment processes has between 75-85% volatile solids.  

Figure 1 Average volatile solids content of organic wastes (as dry matter) 

 

Biomethane potential (BMP) – The BMP of a waste stream has a direct impact on the gate fee it attracts. Wastes 

with a very high BMP and low residual waste component have historically provided a revenue for the waste 

producer. For example, waste glycerol (a by-product of biofuel production) has attracted much interest as a 

supplemental feedstock for AD plants due to its ability to increase gas production with minimal impact on sludge 

retention times of digesters. This has often resulted in payments by the AD facility operator to the waste 
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producer (negative gate fees) to secure the feedstock. Figure 2 shows the average gas production for typical 

feedstocks for anaerobic digestion. Sewage sludge has a typical yield that is 60% lower than other organic 

wastes.  

Figure 2 Average methane production for various organic wastes (as dry matter) 

 

Existing feedstock composition – The make-up of a facility’s existing feedstock will influence the attractiveness 

and hence the gate fee offered for additional organic wastes. For example, a facility that has a high nitrogen 

loading may look favourably on waste that has high organic carbon content to enable it to better adjust its C:N 

ratio. A facility that has a high dry solids content may require liquid wastes to slurry their feedstock to ensure 

optimum mixing and handling characteristics prior to digester feeding.  

Energy intensity – As most feedstocks contain varying amounts of 

water (when considering them on a volumetric basis) the energy 

intensity that they contain differs significantly. This means that 

those feedstocks with a higher energy intensity occupy less volume, 

require less storage, and have a lower impact on critical process 

control factors such as digester retention times. It should be noted 

that this energy intensity has to be balanced against other process 

considerations such as organic loading rates which limit the amount 

of organic load a anaerobic digester can accept per unit of volume 

of digester capacity over a given time period usually expressed as 

kg Volatile Matter/m3/day. 

Residual content – The level or amount of residual matter 

remaining following anaerobic digestion will impact upon the 

volume of material to be recycled or disposed of. This will have a 

direct impact on the costs associated with both transport and 

application of the digestate (should it be recycled to land). 

Feedstocks with a higher inorganic content (such as grit and sand or metals precipitates from chemical dosing of 

wastewater) will have a higher level of residual matter post the digestion process.  

 

Animal By-Products Regulations – The Animal By-Products Regulations (ABPR) place particular treatment 

requirements on feedstocks that may contain meat or other waste animal material, the presence of such material 

requiring heat treatment prior to digestion. These requirements may therefore constrain certain facilities from 

processing such feedstocks. In relation to sewage sludge treatment facilities, processes such as pasteurisation or 

thermal hydrolysis can achieve the time/ temperature requirements of ABPR.  

Worked example 

1 m3 of sewage sludge at 4% dry solids 

(Industry average for tankered sludge) 

and a volatile matter of 80% typically 

contains 32kg of digestible material. 

1 m3 of dewatered sewage sludge cake 

at 26% (industry average) and a 

volatile matter of 80% typically 

contains 208kg of digestible material. 

In comparison, 1 m3 of food waste at 

33% dry solids and a volatile matter of 

89% typically contains 294kg of 

digestible material. The food waste 

therefore has a greater energy intensity 

per m3. 
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Digestate final product – The way a facility produces its final digestate product, either as a liquid slurry or as a 

dewatered cake, may also affect which feedstocks which it chooses to accept, and the gate fee charged.  

Quality Protocol – The majority of commercial AD facilities are producing digestate to meet the Quality Protocol 

(QP) for anaerobic digestate as set out by the Environment Agency (Environment Agency, 2014). Compliance 

with this QP is typically demonstrated by adherence to the protocols and HACCP principles as set out within BSI 

PAS 110:2014 (BSI, 2014). 

The Quality Protocol sets out criteria to produce quality digestate from anaerobic digestion of source-segregated 

biodegradable waste (biowaste). Quality digestate from anaerobic digestion include the whole digestate, in 

addition to any subsequently separated fibre or liquor fractions. In addition, it establishes which wastes and their 

associated waste codes may be processed to remain within the Quality Protocol. Any wastes that do not appear 

on the approved list if incorporated within the digestion process as feedstock would result in the loss of 

accreditation under the scheme. It should be noted that sewage sludge is not on the approved list as it is 

considered not to be a source-segregated waste and therefore deemed to be of unknown origin and 

composition. 

Compliance with the scheme and accreditation of the final product allows the wastes that have been 

anaerobically digested to be deemed to have achieved ‘End of Waste’ status thereby they cease to be waste and 

thus the Waste Framework Directive’s waste management controls no longer apply. A Quality Protocol further 

aims to provide increased market confidence in the quality of products made from waste and so encourage 

greater recovery and recycling.  Whilst compliance with regulations and the need for permits relating to waste 

management are no longer required by products produced under the Quality Protocol, there is still an obligation 

to follow good agricultural practice and guidance in their application to land.  

Given that sewage sludge in not on the approved list as set out in the Quality Protocol then the introduction of it 

as a feedstock into a process that has been accredited with the Quality Protocol would render this accreditation 

invalid. It is unclear that should the use of sewage sludge then cease, what measures would be required to regain 

the accreditation, or if it was even possible to regain at all.  

Competition in the organic waste market – Depending on available treatment capacity in the market and the 

proximity of that treatment capacity to the potential feedstock source, the gate fee offered by the facility or 

accepted by the waste producer will change according to market dynamics. Given that transport costs to the 

facility are borne by the waste producer, the distance hauled and the gate fee to be paid will both form part of 

the commercial decision of whether to accept a gate fee for a specific batch of feedstock. 

B.3.1 Additional Considerations  

Commercial / Industrial Organic Waste Producers - Large scale producers of organic waste streams such as the 

food and beverage industry are increasingly looking to valorise these rather than be dependent upon 3rd party 

waste management contracts. This has seen an increase of on-site treatment and energy recovery facilities being 

constructed and commissioned to handle these waste streams, thereby removing them from the marketplace as 

commercial feedstocks. This has the potential to create additional treatment headroom in the market and 

change the equilibrium for the establishment of gate fees and the attractiveness of alternative feedstocks.  

Odour Potential of Sewage Sludge - The odour signature of sewage sludge can vary considerably from that of 

other organic wastes, often having a very different hedonic tone. Although not a significant factor, the ability of a 

facility’s installed odour control systems to be able to provide the correct level of treatment and abatement for 

odour arising from sewage sludge will be a consideration of facility operators. Even if a system has the capability 

to treat and remove the odorous compounds present in sewage sludge, there is likely to be a higher operational 

cost associated with the increased consumption of odour treatment consumables such as activated carbon and 

scrubber chemicals.  

Environmental Permitting - The environmental permitting regime that a facility operates under will also 

determine which waste streams can be considered as feedstock. This is discussed further in Appendix C.  
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B.3.2 Applicable Incentives 

Over time there have a been several incentive schemes predominantly focused on the production of renewable 

energy and heat. These schemes have typically been designed to stimulate investment into specific technologies 

or change market behaviour in terms of purchasing decisions. As such, as the objectives of schemes are achieved, 

the level of incentive is reduced and ultimately the schemes are closed to new applicants.  

This subsection describes the incentives available.  

Renewables Obligation (RO) - The Renewables Obligation (RO) was introduced in 2002 and was the main 

support scheme for large-scale (>5MW) renewable electricity projects in the UK until its closure on 31st March 

2017. The scheme was designed to place an obligation on UK electricity suppliers to source an increasing 

proportion of the electricity they supplied from renewable sources. A Renewables Obligation Certificate (ROC) 

was a green certificate issued to an accredited generator for eligible renewable electricity generated and 

supplied to customers by a licensed electricity supplier. These certificates were then traded (purchased) by UK 

electricity suppliers to be able to demonstrate compliance with their statutory obligations in respect of 

renewable energy generation targets as set by the UK energy regulator, Ofgem.  

Whilst anaerobic digestion was among the technologies that received additional support in the form of multiple 

ROCs, generating stations that produced biogas from ‘sewage or material in landfill’ were not eligible for the 

multiple ROCs. An anaerobic digester (not using sewage sludge) could receive 2 ROCs/MWh until April 2015, 

reducing to 1.9 ROCs/MWh for 2015/16 and 1.8 ROCs/MWh in 2016/17. Anaerobic digestion facilities that were 

utilising sewage sludge at their substrate were limited to 0.5 ROCs unless they had specific grandfather rights.  

As ROCs are a tradeable commodity, their value is set by the market depending on the level of ROCs available 

and the needs of energy suppliers to cover their positions in respect to renewable energy generation targets. In 

the past 2 years ROCs have typically traded in the range of £40-47/MWh.  

Contracts for Difference (CFDs) - In 2014, the Contracts for Difference (CfD) scheme was introduced for 

generators of 5MWe and above in England, Scotland and Wales as part of the Electricity Market Reform; new 

generators had the option to claim the RO or the CfD. After 2017 the RO closed to all new generators.  

Successful renewable generators are paid a flat (indexed) rate for the electricity they produce over a 15-year 

period based on the difference between the ‘strike price’ (a price for electricity reflecting the cost of investing in 

a particular low carbon technology) and the ‘reference price’ (a measure of the average market price for 

electricity in the Great Britain market).  Projects that have CfDs in place typically have achieved a strike price of 

£39-42MWh.  

Renewable Heat Incentive (RHI) - The Non-Domestic Renewable Heat Incentive (RHI) is a government 

programme administered by Ofgem that provides financial incentives to increase the uptake of renewable heat 

by businesses, the public sector, and non-profit organisations. 

RHI provides a fixed income (per kWh) to generators of renewable heat, and producers of renewable biogas and 

biomethane. AD facilities that were commissioned after 15 July 2009 were eligible for the RHI which has a tariff 

lifetime of 20 years. Due to the success of the scheme, it will close to new applicants on 31st March 2021. 

The level of tariff earnt by a particular scheme depends upon the technology utilised and the date when the 

scheme became accredited. RHI was most beneficial for producers of biomethane where they sold the 

biomethane into the natural gas market, commonly known as Gas to Grid solutions. Whilst tariffs could be 

earned for the use of CHP schemes, they were only eligible for where heat was the commodity being supplied to 

a qualifying heat use. In addition, any CHP plant that had previously been registered under the Renewables 

Obligations scheme (ROCs) was ineligible.  

The level of tariff earnt has a tiered structure depending on the installed capacity. The first 40,000 MWh of 

eligible biomethane is 4.92 p/kWh; the next 40,000 MWh of eligible biomethane is 2.90 p/kWh; and the 

remaining eligible biomethane 2.24 p/kWh (Jan 2019 prices). 

https://www.gov.uk/government/publications/renewables-obligation-order-2009-as-amended-by-the-renewables-obligation-amendment-order-2011
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Since April 2013, a budget management scheme known as degression has been in place. This scheme actively 

manages applicable tariffs on a quarterly basis dependent on forecast scheme expenditure over the next 12 

months and uptake over the previous period. 

Feed-in Tariffs (FITs) - FITs were intended to encourage the provision of small-scale low carbon electricity and 

were available from 2010 to 2019. There were two elements to the scheme; the generation tariff for every kWh 

of electricity generated, and the export tariff for every kWh of electricity exported to the national grid and 

therefore provided a guaranteed revenue to small-scale electricity generators in England, Scotland and Wales. 

As they were designed to incentivise small-scale generation, only AD facilities with less than 5MW capacity 

(completed after 15 July 2009) were eligible. The Government offered preliminary accreditation for AD, with a 

guarantee that the project would be eligible for the tariff payable at the time of accreditation. Each tariff runs for 

20 years and are indexed by the Retail Price Index (RPI).  

Like other incentive mechanisms such as RHI, a flexible degression mechanism was introduced to control costs. 

Any installation that had previously received support under the Renewable Obligation scheme was not eligible to 

qualify for the FIT scheme.  

Renewable Transport Fuel Obligation - The Renewable Transport Fuel Obligation (RTFO) requires suppliers of 

fossil fuels to ensure that a specified percentage of the road fuels they supply in the UK is made up of renewable 

fuels. Biomethane is eligible for Renewable Transport Fuel Certificates (RTFCs) if it is dutiable and produced 

wholly from biomass. As such, there is potential for AD facilities who opt for a biomethane to vehicle strategy to 

benefit from the RTFO. The price of an RTFC is variable, as it is a market-driven mechanism, but is approximately 

15-20p/RTFC. 

Green Gas Support Scheme (GGSS) – The UK government is currently consulting on the GGSS which aims to 

further to increase the proportion of green gas in the grid, through support for biomethane injection by the 

process of anaerobic digestion (AD). The final details of this scheme are yet to be published but it is likely to be 

limited to newly constructed digestion assets only.  

Impact of feedstock on incentives - It is important to note that 

these schemes diverge in the manner they regard the maturity of 

anaerobic digestion depending on the market. It is considered 

that anaerobic digestion of sewage sludge is a mature, widely 

adopted, and proven process and therefore has been either 

excluded or given reduced incentives in relation to both energy 

and heat generation. On the other hand, the anaerobic digestion 

of organic wastes has typically been incentivised to attract new 

investment into facilities, increase the adoption of the process in 

the sector and to ultimately drive a change of behaviour of the 

market.  

As a result of these differing levels of incentive (and even 

exclusion from some), there is uncertainty as to how facilities that 

have been accredited under a particular scheme and what the 

likely consequences would be if this was to change. 

B.4 Valuing of Organic Wastes 

In calculating and setting gate fees (or payments) for feedstock, the above factors form part of matrix decision 

process that also takes in other process constraints such as current digester organic loading rates versus design, 

sludge retention time and digester microbial population health considerations (such as alkalinity, volatile fatty 

acid production, foaming potential, temperature) amongst others. The outcome of these considerations enables 

operational and management decisions to be made regarding which feedstocks will provide the optimal 

operating conditions to fully utilise facility capacity, generate optimal levels of biogas and ensure stable 

operation thereby maximising revenue.  

Worked example 

Consider a facility that anaerobically digests 

food waste.  The site has accreditation under 

the Renewables Obligations and as such, 

receives 2 ROCs /MWhr.  The facility decides 

to accept additional loads of sewage sludge 

to codigest with its existing food waste 

feedstock.   

It is unknown if the ROCs accreditation would 

automatically be rescinded because of this 

change in feedstock or whether it would be 

adjusted downwards on a proportional basis 

to take account of the percentage of 

qualifying feedstock.  
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B.4.1 Comparison of Gate Fees for Organic Waste and Sewage Sludge 

Organic waste sector - WRAP produces an annual report and analysis of gate fees charged for a range of waste 

treatment, recovery and disposal options as reported by local authorities and commercial facility operators 

(WRAP, 2021). This report has been compiled for the past 13 years and is therefore useful to show gate fee 

trends over time. The most current report covers the financial year 2019/20. In addition, information gathered 

from interviews and discussions with market operators in this sector have been used to supplement knowledge 

of costs and factors that influence gate fees.  

It should be noted that a significant proportion of municipal waste management services are delivered under 

medium to long-term contracts (10-25 year duration). Gate fees for such long-term contracts are included in the 

WRAP survey but may not be reflective of the current market rates. 

Sewage sludge – Whilst there are no directly comparable data sets for sewage sludge in terms of gate fees 

charged, it is possible to use industry published data (e.g. Ofwat FD allowable bioresources costs, WaSC 

Bioresources Market Information, supplementary WaSC data gathered during Bioresources Market Review) in 

order to develop a Water Industry Equivalent Gate Fee. Given the confidence levels and nature of this 

information, whilst it should not be used to make absolute comparisons or draw definitive conclusions from, it is 

useful to provide an indicative orders of magnitude and highlight any significant considerations between the 

economics associated with the sewage sludge and other organic wastes.  

B.4.2 Mass Basis for Comparison - Dry Tonnes versus Wet Tonnes 

It is common practice in the water industry to refer to quantities of sludge produced based on Tonnes Dry Solids 

(tDS). This measure whilst providing a basis for comparison between treatment processes and industry efficiency 

measures does not account for the water content that wastewater sludges contain. This water content has an 

impact on volumes to be transported, handling and processing requirements and storage volumes required.  

In general, wastewater sludges will have an actual dry solids content of between 3-8% for liquid sludges and 20-

34% for dewatered sludge cake. This means that even for the highest quality dewatered sludge, it still has ~65% 

water content. The amount of water contained within a sludge will not only directly affect its volume and 

therefore its cost of transport but also its mode of transport. Sludges below 18% dry solids content are 

unsuitable for transport by covered wagon due to their propensity to liquify and be unstable when exposed to 

high shear forces. This can result in unstable loads and the potential for spillage.  

Sludges below 8% dry solids content are transported by vacuum tanker. Any higher dry solids content than this 

presents significant difficulties for loading and unloading due to the rheology of the sludge and its inability to 

flow freely.  

In the organic waste market, the value of waste streams and the revenues achieved or gate fees that are applied 

to them are always calculated on a Wet Tonnes basis (i.e. the actual tonnage as received at the facility). Market 

information relating to gate fees is also published on this basis (WRAP, 2021).  

To enable a like for like comparison between sewage sludge and other organic wastes it is vital that they are 

evaluated on the same mass basis. To undertake such a comparison, it has been necessary to convert the 

Bioresources Market Information published by WaSCs on a dry tonnes basis into equivalent wet tonnes. In 

developing these equivalent values, the following methodology has been applied:  

▪ Ofwat PR19 Final Determination Allowable Costs per WaSC have been used. These have been averaged on a 

linear basis over the 5-year price review period. 

▪ WaSC published Bioresources Market Information for 2019/20 has been used to determine the total mass of 

sludge produced (tDS) and average dry solids content. 

▪ For small works (<2,000 p.e.) where no dry solids information is published, the average dry solids content for 

that WaSC has been applied. 

▪ The allowable costs per WaSC have been divided by the calculated wet tonnage per WaSC to determine the 

cost per wet tonne. 
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▪ Industry average transport costs have been determined from supplemental data supplied by WaSCs as part 

of the Bioresources Market Review. 

The industry average and range of the Cost per Wet Tonne (excluding average transport costs) have been used in 

the comparison with organic waste gate fees. 

In using these values for comparison to organic waste fees, it should be noted that specific sludge quality (dry 

solids content) varies from site to site and therefore the economic value (or potential gate fee) will also change. 

Industry averages whilst allowing for comparison at a theoretical level cannot take account of local economics 

which will determine the business case for sewage sludge as a potential codigestion feedstock. 

B.4.3 Transport Costs 

Ofwat’s PR19 allowable costs for bioresources includes the forecast cost of transport for moving sludge from its 

point of origin to its treatment location, generally referred to as inter-siting. It is assumed that these costs would 

be analogous to the costs of transporting sludge to a codigestion facility (volume of sludge to be moved, cost of 

transportation and average distance transported). To provide a like for like comparison, these transport costs 

have been calculated on a per wet tonne basis for liquid sludges at a company level. They have then been 

aggregated to provide an industry average which has been deducted from the average allowance per wet tonne.  

𝐼𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑣𝑒 𝑆𝑙𝑢𝑑𝑔𝑒 𝐺𝑎𝑡𝑒 𝐹𝑒𝑒 = 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑊𝑒𝑡 𝑇𝑜𝑛𝑛𝑒 − 𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 𝐶𝑜𝑠𝑡 

The industry average cost per wet tonne is £18.30 within a range of £13.89 to £26.83.  This value incorporates a 

sludge transport cost which has an industry average of £8.26 per wet tonne with a range of £4.85 to £10.90.  

When this is deducted from the industry average cost per wet tonne the indicative sludge gate fee of £11.53 is 

arrived at.  This indicative sludge gate fee has a range of £5.14 to £18.93.   

The impact of removing transport costs on the indicative gate fee for sewage sludge is shown in figure 3. 

Figure 3 Transport costs as a function of WaSC sludge revenue allowance 

 

This indicative gate fee figure has been used to enable comparison with other organic waste gate fees.  

In developing the indicative gate fees, companies with higher average dry solids content of their inter-sited 

sludge tend to be in the upper quartile of the indicative gate fee. This suggests that the indicative gate fee is 

sensitive to the average dry solids content of the sludge. The greater the dry solids content, the less volume of 

wet sludge and therefore the less amount of sludge to distribute the allowable sludge costs across, thereby 

increasing the gate fee. A higher dry solids content will also have an impact on the volume of sludge to be 

transported and therefore reduce the sludge transport costs or alternatively allow a greater radial distance to be 
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travelled for the same cost.  Whilst not an absolute measure of efficiency, the indicative gate fee does provide an 

indication as to efficiency of sludge thickening and subsequent transport costs.   

Although there is a direct link between the dry solids content and the volume of wet sludge produced there is no 

clear correlation between the volume of wet tonnes of sludge and the average sludge allowance per wet tonne at 

a company level.  This suggests that other factors such as the capital intensity of sludge assets and regional 

factors have a greater influence on unit cost. 

Analysis of sludge transport costs shows no clear relationship between the volumes of sludge transported on a 

per unit basis but as anticipated there is a relationship between the average distance travelled and the cost of 

transport. This is likely to be a function of the additional travel time and subsequent fuel costs incurred as the 

fixed costs of loading and unloading remain constant independent of mileage travelled. This indicates that there 

is a maximum distance above which the transport costs become excessive in terms of the proportion of the 

average sludge costs that they account for thereby reducing the balance available for the payment of a gate fee.  

B.5 Comparison of Gate Fees 

The 2019/20 average gate fee for unpackaged food waste at commercial AD facilities is considerably lower than 

this at £11 per wet tonne (WRAP, 2021).  It should be noted that whilst the range of gate fees for commercial AD 

facilities is much broader than for those operated by Local Authorities it is heavily skewed towards the lower end 

of the range (-£12 to £100 per wet tonne). It is likely that this broad range is a function of capacity in the 

marketplace, feedstock availability and contracted versus non-contracted waste volumes.  

Figure 4 shows the historic median gate fees reported by Local Authorities for anaerobic digestion facilities in the 

UK since 2010/11.  

Whilst it can be seen that there is some year on year variability in the median value dependent upon factors such 

as market capacity, indexation, feedstock availability and contract terms, in general the average is of the order 

£28-45 per wet tonne with the most recent (2019/20 value) being reported as £35 per wet tonne.  

The 2019/20 average gate fee for unpackaged food waste at commercial AD facilities is considerably lower than 

this at £11 per wet tonne (WRAP, 2021).  It should be noted that whilst the range of gate fees for commercial AD 

facilities is much broader than for those operated by Local Authorities it is heavily skewed towards the lower end 

of the range (-£12 to £100 per wet tonne). It is likely that this broad range is a function of capacity in the 

marketplace, feedstock availability and contracted versus non-contracted waste volumes.  

Figure 4 Median AD gate fees (with range) reported by local authorities over time for the whole of the UK (£/wet 

tonne) Source: WRAP 2021 
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B.5.1 Comparison of Indicative Sewage Sludge Gate Fees with Other Organic Wastes 

Figure 5 compares the indicative sewage sludge gate fee with other organic wastes (unpackaged food waste used 

as the comparator). When comparing to the 2019/20 median reported Local Authority AD gate fee of £35 there 

is a price differential of £23.47, three times higher than the indicative allowable gate fee for sewage sludge.  This 

very large price differential creates a significant economic barrier to co-digestion in Local Authority AD facilities 

before the value of the respective waste streams is considered.  

Figure 5 Comparative gate fees for organic wastes 

 

When compared to the average gate fee of £11 for commercial AD facilities there is broad alignment and 

therefore minimal economic barriers for codigestion at these facilities when based purely on gate fee.  

As previously explained the potential price differential is only one of several considerations that requires to be 

taken into account if a level playing field is to be created between sewage sludge and other organic wastes if it is 

to be a viable feedstock for commercial AD facilities. Sewage sludge has less value (i.e. it has a lower energy 

intensity) in terms of volatile matter and BMP when compared to organic wastes. Therefore, it would require a 

higher gate fee to be paid to offset the opportunity costs associated with the waste streams it would displace 

when being considered as a potential feedstock for commercial or Local Authority operated organic waste AD 

facilities.  

The gate fees reported for organic wastes do potentially present an opportunity for operators of sewage sludge 

AD facilities to secure additional feedstocks should they have treatment capacity available. Given the higher 

energy intensity of organic wastes as well as being economically attractive from a gate fee perspective, they 

would also boost the outputs (in particular biogas yields) of sewage sludge AD facilities. For this opportunity to 

be realised there is likely to be a need to harmonise the environmental regulations applied to such facilities so 

that they are aligned with the relevant waste legislation (Appendix C).  

The consideration of using organic wastes as feedstocks for sewage sludge facilities would also provide an 

opportunity to utilise headroom within facilities which can vary both with season and with asset availability. 

These are likely to form the basis of short-term trades but could provide higher levels of asset utilisation and 

therefore returns on investment. Given the marginal costs of using this headroom are small, the customer 

benefits would be tangible and would have the added benefit of initiating trading between sectors and drive 

market dynamics.  

Ultimately, the greater the level of trading that can be achieved in the market, the higher the levels of 

confidence in the wider bioresources market to provide capacity and / or feedstock.  Increased confidence in 

market-based options will shift the make or buy decision bias away from the current conservative approach (of 

owning and operating AD facilities with sufficient treatment capacity to meet the demands of current sludge 

production along with a significant buffer or contingency of headroom); to a more balance portfolio of treatment 

options, some of which will continue to be owned and operated with additional capacity secured via the market.  
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A market which has a greater number of actors with many different levels of trading will have greater capacity to 

buffer against incidents and short-term outages thereby provide a greater level of resilience to both the 

bioresources and organic waste sectors. 

 

A consideration in these potential trades must be the ability of sewage sludge AD plants to receive particular 

organic wastes. Typically, these facilities do not have the necessary pre-treatment equipment installed to handle, 

sort and screen solids wastes and so without additional infrastructure would be limited to accepting liquid 

imports.  

B.6 Conclusions 

In respect to opportunities for the codigestion of sewage sludge and other organic wastes, the following 

conclusions may be made: 

B.6.1 In General 

▪ Gate fees are derived from evaluating a number of complex interactions involving feedstock physio-

chemical, biological and operational parameters combined with prevalent market conditions.  

▪ Caution should be applied when comparing industry average gate fees as they mask local factors (e.g. 

transport distance, available treatment capacity, etc) which have a high degree of influence on setting the 

appropriate value for a given feedstock. 

▪ Existing incentives and facility accreditations may constrain which waste streams can be accepted as 

feedstock for codigestion. 

▪ The cost: benefit of codigestion will be determined on a case by case basis due to the local economic drivers 

influencing indicative sludge and OOW gate fees and the proximity and availability of treatment facilities.  

In respect to Local Authority and commercial AD facilities 

▪ Sewage sludge has a lower energy intensity than other organic wastes as a result of its water content, volatile 

matter and BMP.  

▪ The indicative gate fees for sewage sludge are likely to be higher to account for their lower energy potential 

compared to other organic waste feedstocks. 

▪ The use of sewage sludge as a feedstock at a facility accredited to the PAS 110 Quality Protocol will result in 

the loss of accreditation. The resulting digestate would have to be managed under the applicable waste 

regulations. 

In relation to codigestion at sewage sludge AD facilities 

▪ The opportunity to offer lower gate fees for organic feedstocks should enable the possibility of codigestion 

to occur in sewage sludge AD facilities. The viability of this will be determined by local economic factors. 

▪ The higher energy intensity of organic wastes presents opportunities to boost the outputs of gas efficient 

sewage sludge AD facilities. 

▪ Additional investment in reception and pre-treatment assets may be required to enable the solid organic 

wastes to be processed. 

▪ To undertake codigestion, sewage sludge AD facilities would require to be permitted under the applicable 

waste regulations (Environmental Permitting Regulations). This is both before and after the publication of 

the EA’s sludge strategy. 

  



 

 

 Bioresources Market Review 43 
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Appendix C. Current permitting requirements for codigestion 

Codigestion refers to the practice of digesting sewage sludge with other, suitable, household, industrial and 

commercial organic wastes. It may be carried out within the assets of a water treatment company, or 

alternatively, at a commercial facility. 

Three types of wastes can theoretically be codigested with sewage sludge: 

▪ Thin sludges or liquids, which could also be accepted as tanker trade waste at works inlet for treatment 

through the full Urban Wastewater Treatment Directive (UWWTD) treatment route; 

▪ Thickened sludges which due to their organic composition would require anaerobic digestion; and 

▪ Solid wastes which would require some form of pre-treatment prior to introduction to the process. 

C.1 Permitting of digestates from mixed and separate wastes 

At present, little codigestion of sewage sludge with industrial or commercial wastes is undertaken in the UK2. This 

is mainly due to regulations on recycling the digestate to land. Sewage sludge is not a source-separated material 

and so is outside of the scope of the quality protocol which allows digestates from food and other listed organic 

wastes to achieve ‘end of waste’ status. Also, the Sludge Use in Agriculture Regulations 1989 (SUiAR) which 

govern the recycling of sludge to land are not applicable to digestates from mixed feedstocks. This means that 

the permitting requirements for sewage sludge and other organic wastes are more onerous when they are mixed 

than when they are separate. 

There is a process ongoing to align digestate recycling regulations between treatment of sewage sludge and 

other organic wastes3. This process is embodied in the Environment Agency’s sludge strategy. The current 

disparity has arisen in part due to contention over whether sludge treatment is within the scope of the EU Waste 

Framework Directive4, which excludes wastewater from its scope to the extent that it is covered by other 

European Community legislation. Wastewater treatment is covered by the Urban Wastewater Treatment 

Directive, but this only covers sludge to a limited extent. So sewage sludge anaerobic digestion and its products 

have been considered to be outside the scope of the Waste Framework Directive, unlike anaerobic digestion of 

food and other organic wastes.  

The need for change has also arisen due to the age of the SUiAR, the changes in wastewater and improved 

scientific knowledge of it since then and a new focus on emerging contaminants. 

Under the current SUiAR legislation, sewage sludge digestate (biosolids) may be spread to land provided it 

meets criteria on heavy metals. In addition, most biosolids are spread to agricultural land under the Biosolids 

Assurance Scheme, which is a voluntary scheme between the water industry, farming industry and key 

stakeholders such as supermarkets which promotes the safe use of sewage derived materials on agricultural land 

which grow outputs for the retail market. 

Non-sewage sludge derived material is regulated differently. In order to apply the digestate from food waste to 

land, either the digestate must meet the requirements of PAS110 and the Quality Protocol on digestate quality, 

in which case it is no longer classified as a waste, or its land application requires permission from the 

environmental regulator via the Environmental Permitting Regulations (EPR). 

Landspreading of all digestates is also limited by regulations on nitrogen and phosphorous application to land.  

The main operational difference between EPR and SUiAR is that SUiAR allows reporting of deployments after 

they have been made, but EPR requires permission to be sought before the deployment. This adds cost and time 

to the deployment and limits the flexibility to respond to changes in weather or other factors. However, it adds a 

 
2 Anglian Water formerly co-composted biosolids with green waste and South West Water co-composts biosolids with animal bedding, but we are not 

aware of any other examples of co-composting and no current examples of codigestion at scale in the UK. 
3 The implementation of the Industrial Emissions Directive is also a process of alignment between sludge treatment and other organic wastes. 
4 Directive 2008/98/EC of the European Parliament And Of The Council of 19 November 2008 on waste and repealing certain Directives 
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layer of regulatory environmental protection. This may be of benefit to land managers and further stakeholders 

in providing further assurance of biosolids safety.5 

Although the Environment Agency’s sludge strategy will align regulations between sewage sludge and other 

organic waste, this will not necessarily lead to an increase in codigestion. This is because introducing other 

substances into sewage sludge makes it a more chemically complex substance, and the regulation on spreading 

this to land is likely to be correspondingly more onerous. It is possible that mixed waste streams may be able to 

achieve a regulatory burden similar to sewage sludge if comparable safety can be evidenced through the 

Environment Agency’s assessment framework for digestion, but at the time of writing it has not been determined 

whether the sludge strategy will provide for this. 

Figure A1 Simplified landspreading requirements for different feedstock types 

  

C.2 Site-based treatment permits 

Until the implementation of IED, in order to carry out codigestion, appropriate waste import and site treatment 

permits or licences would be required from the environmental regulators. Many sites have operated under a T21 

waste exemption or a Pollution Prevention and Control waste installation permit, which do not permit 

codigestion (without an additional waste installation permit and bespoke land application agreement with the 

Environment Agency). There has, historically, been a reluctance to obtain waste import permits or licenses from 

the regulator. The reason for this reluctance is not clear, but it may be related to trying to ensure that the 

majority of wastewater operations remain under the UWWTD, thus reducing the cost base. Note that this issue is 

specific to anaerobic digestion operations, as the majority of biogas combustion assets have a separate permit or 

consent to operate. 

The environmental regulators’ position is that aerobic treatment of sewage falls within the scope of the UWWTD 

and anaerobic digestion activities fall within the scope of waste legislation. As such, wastewater companies are 

now required to obtain a waste treatment permit or licence for their anaerobic digestion assets.  

As part of this application process, companies may apply for the ability to import other wastes for codigestion. 

However, while a site may be permitted to codigest wastes and sewage, the issue of how to classify the output 

and allow its application to land would remain unchanged.

 
5 The ultimate solution to ensuring the safety of sludge to land would be to remove undesirable contaminants from wastewater altogether. It is 

difficult to see how this could be achieved without societal changes to the use and disposal of industrial and consumer chemical products. 
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Appendix D. Sludge quality measurement and controls 
This appendix outlines possible sludge quality standards. It is intended as a starting point for discussion. 

Quality is a function of treatability and safety. We identify the following factors, which depend on the age and 

source of the raw sludge, as important for these: 

▪ Percent dry solids. 

▪ Potential organic reduction. 

▪ Biogas yield potential. 

▪ Potential dewaterability of the final biosolids product. 

▪ Presence of unwanted chemicals. 

▪ Potential for increase in unwanted chemicals through concentration or transformation. 

▪ Presence of potentially damaging foreign objects. 

We note that while some of these factors vary with the type of plant used to treat the sludge, we consider that 

the standard quality should be objective and therefore based on tests which do not vary between applications. 

The potential organic reduction expected from a given sludge type will largely depend on the composition of 

the sludge. It is well known that sludges with high soluble or readily available organic content will yield the 

highest biogas content and produce the most stable final product with lower organic content and high 

dewatering potentials.  

D.1 Control of sludge quality 

There are several critical points or elements to monitor which together can provide a useful forecast of sludge 

behaviour in treatment. They could form the basis for a standard set of measures for sludge quality. 

3) Age of sewage in network:  

This is related to the season. Usually, the summer months receive less precipitation than the winter 

months, leading to higher hydraulic retention times, which equals a longer time for sewage to reach the 

wastewater treatment plant. Longer retention times combined with the slightly higher temperatures in 

the network during the summer months lead to the readily available organic materials to be 

decomposed by bacteria, resulting in a lower overall volatile organic content as sewage arrives to the 

head of the works. This effect is amplified in regions heavily marked by seasonal tourism, with peak 

months carrying more sewage than the off-peak season.  

The effect of this is that in summer, sludges tend to have lower energy yields. 

4) Type of sludge generated from treatment works:  

There are two treatment processes in the wastewater treatment train that produce the two main sludge 

forms. These are usually blended to be treated in the sludge treatment centres. 

- Primary settlement or sedimentation which generates Primary Sludge (PS)  

- and activated wastewater processes followed by secondary settlement or sedimentation, which 

produces surplus activated sludge (SAS).  

PS is an easily digestible sludge. The sedimentation process is a physical one, where only settlement of 

solids is encouraged. SAS on the other hand is formed from biological activity, which means cell walls 

and other bacterial material such as extra-polymeric substances are present. These materials are much 

more difficult to break down in the digester than those present in PS. So much so, the current anaerobic 

digestion (AD) pre-treatments that have thrived in the bioresources market were initially developed to 

break down the complex organic molecules in SAS. Therefore, we consider that monitoring the 

percentage split of these two types of sludges is another important indicator of sludge quality. 

In the UK, indigenous sludges are usually split around 40%SAS, 60%PS. However, when Utilities receive 

sludge imports, it is usually very hard to know the PS:SAS ratios as these are often not well monitored. If 
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sludge quality is to be defined, utilities exporting sludge will need to be able to provide good data on 

PS:SAS ratios. There are several reasons why this is difficult:  

- So far, there has not been a driver to monitor this ratio 

- Maintenance of flowmeters is sometimes overlooked if they are not seen as essential tools. For 

instance, to provide with key indicators such as sludge quality.  

There is already some initial work done on estimating the biogas yield potential and dewatering 

expectations at different PS:SAS ratios. Usually this is done in two ways:  

- Academia/industry joint research: Setting up a bench scale test simulating a semi-continuous AD 

system and feeding different PS:SAS ratios from the same site. Keeping all variables constant (e.g. 

sludge precedence, AD process parameters such as hydraulic retention time, organic loading rates, 

and operational temperature) and varying PS:SAS ratios, the test can show the different biogas 

yields. These types of tests are reliable as conditions are kept controlled.  

- Full scale data collection: A given site might change PS:SAS ratios if they receive injections of 

sludge imports. There is, nonetheless, a lot of uncertainly on the reliability of this data, since several 

variables might be changing at the same time. There is no guarantee the effects are associated 

solely to a change in PS:SAS ratio.  

As mentioned, it can be hard to get an accurate value of SAS:PS ratios. Other options are analysing the 

main organic macro-molecules in sludge. This data could provide a good estimation of sludge organic 

degradability during AD. These are carbohydrates, proteins, and fats or lipids along with inorganic 

compounds or ash. Currently, these analyses are usually done by academia for a specific project. 

Measuring macro-molecules is not something utilities currently do on a regular basis and can be costly 

to integrate as part of a regular testing standard methodology. Nevertheless, urban sludge shows a very 

stable macro-molecule composition with time, thus these tests could be limited to a few key moments, 

such as new sludge being imported. It could also be useful if codigestion becomes a reality, with macro-

molecules being analysed on the new types of imports to evaluate feedstock composition.  

5) Sludge thickness:  

Sludge can be exported at different dry solids percentages (DS%). In conventional AD systems, the 

optimum is around 5-6%DS. If AD pre-treatment is available, particularly THP, the optimum might be 

between 8-10%DS. Operations are at their optimum level if they can provide these concentrations of 

solids in a constant manner, thus receiving imports that match these numbers could be another 

indicator of sludge quality. However, haulage costs are important to consider. It is common for sludge 

importing sites to receive dehydrated sludge or cake at 23-25%DS to be diluted down to 5-10%DS 

onsite to allow for lower opex on haulage. DS% is very easy and cheap to measure. Operations staff are 

already familiar with the standard methods used. 

6) Health checks:  

There are several health checks already available for testing in the main internal accredited labs at the 

different utilities. These basic tests can be done on the sludge received to be treated to ensure that the 

material is consistent with the expected. These can be: Volatile Fatty Acids, pH, alkalinity, DS%, VS%, 

COD, Ammoniacal N, Total N, Total P and E.Coli. 

We note that producing low-N and low-P biosolids may be desirable in order to comply with restrictions 

on spreading these to land. 

7) Chemical composition:  

Presence of certain metals and other chemicals will give a good indication of sludge behaviour and 

impact in the sludge treatment process. Some key examples:  

- Struvite and vivianite formation: This can be costly to address. The crystallization of struvite for 

instance, will depend on ion availability (ammonium, ortho-phosphate and magnesium) and the pH 

of sludge. Usually ammonium and magnesium are in excess in the incoming PS and SAS sludge 

blend, and knowing the P available could give an indication of level of struvite formation to be 

expected.  
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- Dewaterability impacts: There are several things that can impact dewaterability. Organic content 

being a major one (the higher the organic content left in the digestate; the more difficult sludge is 

to dewater). But the impact of metals and nutrient ion presence in sludge is also key. High content 

of Ortho-phosphorous in sludge can make it difficult for sludge dewatering. Furthermore, the ratio 

of monovalent to divalent ions is a good indicator of dewaterability. The main ions to consider are: 

Sodium and Potassium as monovalent ions, and Ammonium, Magnesium, and Calcium as divalent 

ions. Sludges with poor dewaterability require more work and chemical inputs to satisfactorily 

dewater and can result in higher cake transport costs. 

- High presence of trivalent cations such as Iron and Aluminium ions can lead to dewaterability 

improvements.  

All these elements: Mg, Ca, Fe, Al, K, Na, NH4, etc. are measured already at the utilities labs and could be 

monitored to give an indicator of sludge quality focused on dewaterability and struvite/vivianite 

crystallization potential.  

8) Gas yield potential tests: 

Some utilities in the UK have sludge specific labs equipped with bench scale AD systems to mimic site 

performance in terms of biogas yields and volatile organic reduction. The AD process is a biological one, 

thus very easy to scale up or down without changing the overall results/data expected. There are two types 

of tests useful to obtain information on how much biogas a given sludge is expected to yield under AD 

conditions:  

- Batch Biomethane potential tests: Consists of a one-off feed of raw sludge (i.e. sludge to be treated) 

or pre-treated sludge (i.e. raw sludge being pre-treated with an advanced treatment such as THP) in 

a bottle seeded with digested sludge from a given site, sealed to atmosphere (maintaining 

anaerobic conditions), steered and kept at mesophilic temperatures (i.e. circa 38°) for a period of 

14-15 days (considered the optimum hydraulic retention time under mesophilic AD conditions). 

The biogas generation is monitored automatically, and an accumulative graph can be generated, 

providing information on bacterial growth rate and subsequent biogas generation with time. The AD 

bottles are usually between 250mL and 1L in size.  

The benefit of these tests is the possibility of setting up a wide variety of tests at once. The main 

challenge lies on its batch nature. Full scale AD is a continuous process, with continuous or semi-

continuous feed. Therefore, even if it is an initial good indicator, it cannot precisely replicate the 

full-scale operation. Nevertheless, it can be relatively inexpensive, with units costing between £15-

20k, with only one trained operator needed per test.  

- Semi-continuous bench scale AD systems: It simulates a full-scale AD system most closely, as it 

consists of a bottle, chemostat or recipient kept under AD conditions at mesophilic temperatures 

(i.e. circa 38°) seeded with digested sludge from a given site and fed with raw or pre-treated sludge 

on a semi-continuous basis. As sludge is fed, digestate is withdrawn maintaining a given hydraulic 

retention time and the volume in the AD bottle constant. Biogas is collected and measured either 

manually or automatically. Samples can be taken from sludge before and after treatment to obtain 

volatile solids reduction. Usually these tests will last at least 3 months to produce 

representative/robust results. The AD systems can range from a small-scale bottle (500mL-1L), to 

bench scale (2L-50L) to pilot scale (several m3). The cost will vary accordingly. Utilities using these 

tests benefit from a great understating on sludge digestibility and biogas yields expected under 

different operational conditions.  

We consider both these tools (more so the semi-continuous option) are useful to establish sludge quality. 

The selection will depend on the scale of the trade and the materiality of the potential energy revenues.  

9) Dewatering potential tests:  

Along with the AD bench scale tests, there are several options to mimic dewaterability potential in the lab 

already available. Piston presses designed to simulate a centrifuge, or a belt press can be built by the 

utility itself (this has been done already in some utilities in the UK). Furthermore, dewatering providers 

will have pilot units or bench scale tests available to the utility for trials. These tests can provide 

information on:  

- Water release rates 
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- Final dry solids percentage of the resulting cake 

- Polymer consumption 

- Energy requirements 

These dewatering tests can be done on the resulting digestate from the semi-continuous bench scale AD 

systems.  

All these indicators can help establish sludge qualities.  

10) Unwanted chemicals: 

Heavy metals are currently regulated through the SUiAR and should be accounted for as part of a sludge 

quality measure. However, wastewater treatment sludge is chemically complex due to its mixed inputs. 

High-quality sludge should have low or no unwanted chemicals which could affect its use after treatment. 

We advocate an approach which manages unwanted chemicals as close to source as possible, and as part 

of that sludge should be risk-assessed based on its source composition. For example, some trade effluents 

and tankered wastes are higher risk than others. This risk should be acknowledged in the sludge quality 

measure. 

D.2 Summary of tests 

Summary of the proposed key elements/parameters that could combine to produce a sludge quality 

indicator:  

 

▪ We consider that at a minimum, the following measures should be adopted to control and measure 

sludge quality for trades: 

▪ Dry weight, which has already been implemented. 

▪ % dry solids. This can be specified as an acceptable range, with pre-agreed charges for consignments 

which are out-of-specification. Charges should be based on the additional cost of transport, liquor 

treatment and dewatering. 

▪ Potential gas yield. This partially encompasses age and composition and should be estimated using 

either the % volatile solids or the gas yield based on a batch biomethane yield test. 

▪ An indication of chemical risk which acknowledges the source of the sludge.  
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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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