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EXECUTIVE SUMMARY 

Garden waste collected by, or on behalf of, local authorities (LAs) in the UK is normally 

managed in composting facilities, as required by environmental permitting. At composting 

facilities, garden waste undergoes biodegradation, a process in which aerobic 

microorganisms break down and digest the organic matter, producing carbon dioxide, 

nitrates, sulphates, water, heat and compost. Compost is a relatively stable organic end 

product of the composting process that is free of pathogens. It is mainly used as an agent 

for soil amelioration or as an organic fertiliser following the specifications outlined in the 

BSI PAS100. The PAS100 requires compost to be size graded, and any biogenic fraction 

that is too large to compost or is of non-biological nature to be screened out; this fraction 

is known as compost oversize (COS). 

The potential recovery of value from COS is a highly debatable topic in the biowaste 

industry. This is due to its composition that depends largely on the quality of the input 

material feedstock. Garden waste composition varies from one area to another due to the 

diversity of collection practices followed by LAs, and the practices followed by the waste 

and reprocessing industry, and most importantly due to householders’ ability to source-

separate their waste. Although a significant fraction of COS is woody material that makes 

it suitable as a fuel, its recovery as such is far from optimal due to physical contaminants 

such as plastics, stones and metals (e.g. copper, lead, chromium and arsenic) often mixed 

with the woody material, making COS processing a real challenge.  

As a result of the rising Landfill Tax rates, disposal of COS to landfill has become expensive. 

Concomitantly COS is often stockpiled at composting facilities as potential management 

routes are not yet well-established. While COS stockpiling is perceived to have low 

economic, social and environmental costs, the challenges of storing this material in the 

long run are many and varied; land (and associated environmental permits) is required for 

its storage, combustion risks are lurking, nuisance control measures need to be put in 

place, while a valuable resource is left unexploited. As storage capacity starts to fill up, it 

increases the potential for illegal practices that may lead to a range of negative 

environment, economic, social, and technical impacts, hence pressures to find new 

solutions grow. 

COS management is increasingly urgent for operators and the whole sector including its 

regulators. In this study using the Complex Value Optimisation for Resource Recovery 

(CVORR) framework, a preliminary assessment of the multi-dimensional value (i.e. sum of 

social, environmental, economic and technical positive and negative impacts) recovery of 

COS was assessed, based on scenarios developed for COS management. Three scenarios 

were selected and examined: i) business as usual (stockpiling of COS at composting 

facilities); ii) energy recovery via COS combustion in WID/IED compliant facilities; and iii) 

energy recovery via gasification. Other options such as pyrolysis and acid wash combined 
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with steam explosion may also be useful in recovering value from COS, but these were not 

included in our analysis. 

The sustainability performance of the scenarios varied across the economic, 

environmental, social and technical negative and positive impacts. Preliminary findings 

have showed that gasification could be a better performing technology for COS 

management, from an environmental and social perspective, compared to incineration 

and stockpiling. However, gasification necessitates a high capital investment and rates of 

return that are associated with a high risk and difficulty in realising long-term benefits. 

With COS being highly contaminated by other materials in the garden waste stream, it is 

unclear whether gasification can really be a sustainable technology for COS management.  

Reduction of COS contamination is crucial for attaining the quality needed for its use as 

feedstock to thermal treatment processes. While composting facility managers have the 

responsibility to act appropriately when garden waste does not meet the agreed quality 

standards, in practice this is difficult to achieve without losing the contracts; which bears 

high financial risks for the contractors. This suggests that garden waste collections and 

processing are regulated in a suboptimal manner.  

Removing contaminants from garden waste or COS at the composting facilities can be 

increasingly difficult and ineffective (i.e. as liquid contaminants, fine dust or paint chips 

containing heavy metals and/or toxic chemicals are often attached to the otherwise clean 

organic wastes during collection and storage), and can be associated with a high 

investment cost. Effective source separation of garden waste has the potential to increase 

the quality of COS produced at the composting facilities, and subsequently facilitate 

recovery of this valuable resource as a fuel. For the latter option to become realised the 

cooperation of a well-motivated and educated public is necessary.  

On that end, consistency across councils in waste collection schemes, road checks to 

capture illegal waste transport, monitoring measures to check inputs and outputs to 

composting sites, and end-of-waste criteria clarifications are also needed. This calls for 

the harmonisation of policies, regulations and standards in order to facilitate waste 

management with a focus on resource recovery from waste. Additional funding is required 

to support LAs and industry in their efforts to prevent dissipation of economic, social, 

environmental and technical value into waste. Collaborations between government and 

industry should be established on the basis of creating solutions for the large amounts of 

COS that are currently stockpiled at composting facilities across the country and agreeing 

on new ways to improve COS management in the future.  

Available technologies may not be suitable in recovering the multi-dimensional value of 

COS; research and innovation could be instrumental in developing new technologies for 

higher value applications of this resource. Moreover, mechanisms for achieving greater 

public awareness of source-separation practices on waste quality and the environment, 

and increasing motivation to do so, should be explored and promoted to the public via a 
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number of interventions, such as communication campaigns, development of 

layout/signage and provision of marketing materials. Digital technologies could also be 

explored on their potential to support better green waste separation at source and/or 

COS management. This would help stakeholders in government, biowaste industry and 

research to collaboratively gain a competitive edge on recovering multi-dimensional value 

from resources such as COS, and promote circularity and clean growth in the UK. 
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1 INTRODUCTION 

Garden waste collected by local authorities (LAs), or their subcontracted waste 

management company, are predominantly managed in aerobic conditions (known as, 

composting) as required by environmental permitting. Composting is the biological 

decomposition and stabilisation of organic substrate, under conditions that allow the 

development of heat as a result of exothermic biological decomposition in the presence 

of naturally occurring bacteria that thrive in an oxygen-rich environment (Haug 1993).  

In composting, aerobic microorganisms (bacteria) break down and digest the organic 

matter producing carbon dioxide (CO2), ammonia (NH3) or other nitrates, sulphates, 

water, humus and heat (European Commission 2017). Humus is a relatively stable organic 

end product, free of pathogens that is most commonly known as compost (Misra, Roy et 

al. 2003). Although aerobic composting may produce intermediate compounds, such as 

organic acids, the aerobic micro-organisms decompose these compounds further. The 

heat generated during the process accelerates the breakdown of proteins, fats and 

complex carbohydrates (e.g. cellulose and hemi-cellulose), and helps to sanitise the 

compost by destroying human or plant pathogens, weed seeds and spores (Misra, Roy et 

al. 2003, European Commission 2017). As a result, the compost produced is free of 

pathogens and plant seeds and has a low phytotoxicity, which make it suitable for 

application to land as an agent for soil amelioration or as an organic fertilizer (Fischer and 

Glaser 2012).  

For compost to be able to be used on land it must meet the specifications outlined in the 

BSI PAS100 and the Quality Protocol (QP) (BSI 2011). It is not obligatory for compost 

producers to comply with the QP, however non-QP compost will continue to be classified 

as ‘waste’ in England and will be subject to statutory controls under the Waste Framework 

Directive (implemented in the UK under the Environmental Permitting Regulations 2007). 

In the other UK devolved administrations, e.g. Scotland, the QP is not a requirement for 

meeting the end-of-waste criteria and only the PAS100 is used. The PAS100 requires 

compost to be size graded. Any biogenic fraction that is too large to compost or other 

fraction of non-biological nature that cannot be composted needs to be screened out (EA 

2011, Stejskal and Jordánková 2015). This fraction is known as compost oversize (COS). A 

significant fraction of COS is woody material (Defra 2012), which makes it suitable as a 

fuel. However, a range of physical contaminants such as plastics, stones and metals, e.g. 

copper, lead, chromium and arsenic, may also be present in COS (EA 2016). This suggests 

that COS derived from garden waste is considered to be waste, and further processing to 

achieve end-of-waste status is riddled with challenges (REA/ORG 2016). At present 

suitable COS management routes are not well-established, creating a range of 

environmental, economic, technical and social issues. As a result, COS is often stockpiled 

at composting facilities until better solutions become available.  
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COS’s composition depends largely on the quality of the input material feedstock. Garden 

waste composition varies from one area to another due to: 1) the diversity of collection 

practices followed by the LAs as a way to meet policy and regulatory requirements; 2) the 

responsibility of householders to properly source-separate their waste which are regularly 

not followed through; and 3) due to the practices followed by the waste and reprocessing 

industry. Composting facility managers have the responsibility to act appropriately when 

materials received at gate do not meet the agreed quality standards by putting in place 

rejection procedures that should be adhered to. In practice, however, this is difficult to 

achieve without losing the waste management contract. This suggests that garden waste 

collections and processing are regulated in a suboptimal manner leading to increased 

amounts of COS. 

In this study, a number of scenarios for COS handling and management are explored with 

the aim to investigate how its multi-dimensional value, i.e. the sum of environmental, 

economic, social and technical positive and negative impacts, can either be recovered or 

dissipated into the system. To achieve that, a good understanding of the composting 

process, and of the factors that may lead to COS production is required, followed by an 

exploration of the potential effect of current practices on increasing/decreasing compost 

production and associated COS. The Complex Value Optimisation for Resource Recovery 

(CVORR) approach will be used to evaluate the benefits and trade-offs of different 

interventions within the compost and COS production system across social, 

environmental, economic and technical domains of value. A policy and regulatory analysis 

of the system, and assessment of the key instruments and incentives that drive current 

and future operations, supports the complete system assessment, and provides the basis 

for governance recommendations that promote the recovery of value from compost 

oversize. 
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2 METHODOLOGY 

Using England as a case study, a two-step methodological process is followed in order to 

valuate different approaches in recovering COS produced from open air composting as a 

resource. The key policy and regulatory constraints and opportunities related to its end-

of-waste status and management are outlined.  

The valuation process is carried out using the CVORR approach. CVORR is a new 

methodological approach developed at the University of Leeds that goes beyond mono-

dimensional evaluations (i.e. environmental or economic) of systems in which 

incommensurable values are collapsed onto an aggregated value. CVORR is a multi-

dimensional assessment methodology that attempts to track the resource flows and 

assess the changes in value across environmental, social, economic and technical 

domains, as these relate to systems that focus on Resources Recovered from Waste 

(RRfW).  

Policy and regulatory analysis is a key component of CVORR’s successful implementation, 

yet such analysis is also an important realm in highlighting the barriers and opportunities 

that current regulatory and legal requirements impose on the sustainable management 

of resources. As such, this analysis is separately presented in this study, in order to unveil 

current constraints, and support recommendations on changing the way policy and the 

current regulatory system affect RRfW practices. 

2.1 CVORR APPROACH 

The CVORR approach looks beyond environmental impacts to also consider broader 

changes in economic, social and technical value from a systemic and holistic perspective.  

To implement this approach we briefly describe the system under investigation, and then 

we map the flows of the resource that is going to be evaluated and select the metrics for 

the valuation procedure. There is a vast range of metrics to measure and assess the 

creation and dissipation of complex value across environmental, social, economic and 

technical domains (Iacovidou, Velis et al. 2017); but not all of them are useful to the 

evaluation process. As such, a method for selecting the metrics used for the valuation 

process is established. The selection of metrics may need to be revisited according to the 

scenarios developed as different processes may entail different or additional 

considerations. Finally, the assessment and evaluation of the RRfW system helps us to 

uncover how the different scenarios are leading to conflicting interests, trade-offs and 

unintended consequences. Based on these outputs, it is possible to revisit metrics 

selection, to add more in order to ensure that important issues are assessed.  

The key steps followed to perform a CVORR analysis is depicted in the framework 

presented in Figure 2-1 (Iacovidou, Millward-Hopkins et al. 2017). 
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Figure 2-1 CVORR framework (Adopted from: Iacovidou et al. 2017) 

 

A brief description of each step as it relates to the present study, i.e. assessment of the 

COS production and management system, is as follows: 

Resource recovery system selection: COS production and management. 

MFA/system configuration: for conceptualising the system design and performing a mass 

flow analysis of COS production and management, there is a need to expand the system 

upstream of the point where COS is generated to include generation, collection and 

management of garden waste; and then downstream of the point where COS is generated 

to include current and potential COS management alternatives as represented by the 

selected scenarios.    

Metrics selection: this includes conceptualisation of the social, environmental, economic 

and technical value considerations of COS production and management. It includes i) 

upstream value considerations associated with garden waste collection regimes, 

transportation and organic waste management practices at composting facilities, and ii) 

downstream value considerations associated with COS production and management. 

Value considerations may change in each scenario; as such, this step is developed and 
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evolved in parallel with scenario selection and assessment. A process for metrics selection 

is currently under development and tested in this study. 

Scenario development: the role of scenarios is to introduce and assess system 

interventions either upstream or downstream (of the point where COS is generated), with 

the aim to identify which (intervention) offers the potential to optimise recovery of 

resource from waste and achieve sustainable resource management in the long-term.  

Value assessment and evaluation: Upon the metrics selection and scenario identification 

the initial complex value assessment and evaluation is performed. This process can unveil 

issues that are often overlooked and henceforth, the previous steps may be repeated to 

ensure a holistic analysis and system refinement. System refinement could focus on 

accounting for interactions and trade-offs between policy and regulation, waste 

processing and resource recovery, and the environmental, technical, social and economic 

values associated with them. After this analysis is performed, the final assessment and 

evaluation is carried out. 

2.2 POLICY AND REGULATORY ANALYSIS 

Compost oversize is primarily produced due to poor organic waste segregation at source, 

and the acceptance and treatment of this waste at composting facilities resulting from 

suboptimal enforcement/ implementation of policy and regulation and the problems of 

illegality and contamination. The analysis of the policy and regulatory landscape for COS 

consisted of two initial steps.  

1. An initial list of policies and regulations was composed from results of a structured 

internet search. This list was combined with a database of regulations and 

standards from the anonymous industry partner on this project.  

2. Key informants from the bio-waste industry were interviewed on the issue of COS 

management and referred to important areas of policy and regulation.   

A complete list of policies and regulations was prepared in MS Excel. This list provided an 

indication of the complexity of the governance system for COS. The main areas of policy 

and regulation and their associated governmental organisations were identified 

(Velenturf, Tompkins et al. 2018). The CVORR analysis in combination with interviews with 

key informants and reflections from an expert panel debate were used to a) identify key 

areas where policy and regulatory change is needed, and b) suggest solution directions. 

Recommendations were formulated and the key informants were given the opportunity 

to reflect upon these outcomes. 
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3 INTRODUCTION TO OPEN AIR WINDROW COMPOSTING 

AND COS PRODUCTION 

There are many different processes and classification methods for composting which can 

be split into open and enclosed (in-vessel) processes1, each with different levels of 

mechanical intervention (SEPA 2015). The purpose of both methods of composting is to 

convert biodegradable waste into compost that is safe for humans, animals and plants, 

and that is recyclable mainly as a fertiliser, soil improver or, in a lower proportion, 

recovered as a fuel.  

Open air composting is the most popular composting process and can be performed at a 

number of scales, ranging from static pile (heap) composting for small amounts of garden 

waste, up to windrow style composting for larger amounts (WRAP 2013, EPA 2016). 

Because of the large volumes of garden waste generated and collected by the local 

authorities (LAs) in England, open air windrow (OAW) composting constitutes the focus of 

this study2.  

OAW composting is a low technology treatment and constitutes the most common 

management method for the treatment of garden waste in Europe (Andersen, Boldrin et 

al. 2010). This method of composting consists of long triangular shaped piles of organic 

waste (called windrows) which are periodically turned (in rotation). The turning process 

ensures an even redistribution of microorganisms, feedstock available to them and 

moisture to  keep the process going (WRAP 2013, EPA 2016). As a result this process 

requires a lot of outdoor space and a non-porous concrete pad to ensure that any liquid 

produced from the degradation process, known as leachate, can be collected; avoiding its 

drainage into the soil below (WRAP 2013). According to EU BREFS for decomposition to 

take place in OAW facilities in the shortest possible time, input waste must be a mixture 

of easily degradable, wet organic substances and structure-improving organic matter. 

Structure improving materials are needed to create structure with adequate air-filled 

porosity and a high number of pores in the pile when air conductivity is low (European 

Commission 2017). 

3.1 COLLECTION OF GARDEN WASTE 

Green waste such as grass clippings, pruning and leaves are often collected by LAs in 

England through kerbside collections (by the use of a wheeled bin of 150-250 litres), 

                                                      
1 IVC is used to treat food and garden waste mixtures in a controlled environment that sanitises the waste. This process 
also ensures that food waste treatment complies with the requirements of the Animal By-Product Regulations (ABPR). 
Source: WRAP. (2018). "In vessel composting (IVC)." 
2 It is illegal to compost in the open air windrows, meat, fish and other animal related food because of the risk of 

transmitting infectious diseases like foot and mouth to farm animals, and as such open air composting is only used for 
green wastes management. Source: WRAP (2013). Guidance for on-site treatment of organic waste from the public and 
hospitality sectors. Banbury, UK, Waste & Resources Action Programme. 
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although civic amenity (CA) and bring sites (BS) are also collecting an amount of it 

(WasteDataFlow 2017). The collection scheme in place for the collection of garden waste 

(whether it is collected alone or together with food waste) determines the composting 

method used. For example, when garden waste is collected with food waste then in-vessel 

composting is the preferred option to stabilise as well as sanitise the waste (SEPA 2015). 

Table 3-1 Organics waste collection from households in England (adopted from WRAP, 
2013) 

Collection 2010 2011 2012 2013 2014 2015 

Green garden waste only (Mt)      2.55 

Food waste only (Mt) 0.12 0.17 0.23 0.27 0.29 0.32 

Other organics (Mt) 3.44 3.81 3.80 3.58 3.93 3.65 

Total organics (Mt) 3.56 3.98 4.03 3.85 4.22 3.97 

Note: Other organics includes green garden waste, mixed garden and food waste, wood for composting and other 
compostable waste. 

 

The sampling of garden waste, needed to support its characterisation, must be performed 

each month consecutively over a year’s period in order to record the heterogeneity and 

seasonal variability of the waste (Andersen, Boldrin et al. 2010, Boldrin, Andersen et al. 

2011). It is expected garden waste arisings to be highly seasonal, increasing sharply during 

the spring and summer months. An uneven distribution of garden waste generated and 

collected within a year, can cause major issues to the composting facility contracted for 

its treatment, as it becomes difficult to maintain staff and site maintenance at low 

revenues. Comparison of data on garden waste arisings should be made using data from 

the same quarter of each year included in the comparison, or using annual data as shown 

in Table 3-1.  

Due to lack of data on green garden waste collected in years 2010-2014 it is difficult to 

arrive at any conclusions in regards to changes in garden waste arisings. However, looking 

at the data on food waste collection and collection of other organics, which includes the 

garden waste fraction, it can be suggested that noticeable increases in the arisings of 

organic waste can be attributed to increases in food waste collection. As shown in Table 

3.1, in 2015 food waste collected was three times more than the levels collected in 2010.   

After collection, garden waste is transported at composting facilities where it undergoes 

preparation and treatment based on four main steps: reception, preparation, composting, 

and finalisation. 
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3.2 RECEPTION OF GARDEN WASTE COLLECTED 

Reception of garden waste at composting facilities involves the weighing and monitoring 

of the waste input composition. The characteristics and quantity of the waste input are 

recorded in the reception area or by the supplier by means of above-ground or flush-

mounted weighbridges. Acceptance checks consist of visual inspections or also, e.g. in the 

event of missing information about the received waste or possible contamination posing 

a risk to the treatment process, of reference samples analysis (European Commission 

2017). Generally garden waste can be categorised into five major fractions: 

 Small stuff: small branches, leaves, grass, and soil. 

 Branches: larger branches including leaves. 

 Wood: wooden components including large branches without leaves. 

 Foreign items: plastic bags, paper, and other impurities. 

 Hard materials: stones, rocks, and minerals. 

Green garden waste materials such as twigs, leaves, grass clippings and pruning are 

suitable for OAW composting, whereas larger items such as branches, tree stumps etc. 

are too large to fully break down in OAW composting and should be shredded or cut into 

smaller pieces first (ZWS). The physical size and shape of the garden waste going into OAW 

composting is one of the most important factors for the successful completion of the 

process, as it ensures continuous microbial activity and constant airflow in the compost 

pile (porosity) (ZWS , Cooperband 2002).  

Based on data provided by composting sites in England it was possible to get a provisional 

compositional analysis of the garden waste received on site. Twelve loads, of varying sizes 

ranging from 6 to 0.05 tonnes, from seven sites were used for the analysis. The loads were 

characterised based on their composition on contaminants as shown in Table 3-2. The 

different types of contaminants were weighted to get their fraction composition in the 

total load. Total load was used as a reference unit to estimate the percentage 

contamination of each material fraction, and the results were then extrapolated into per 

tonne of green garden waste received. 

Table 3-2 Annual average composition of contaminants found in green garden waste 
input to composting facilities in England 

Contaminants 

Average material weight (kg) 

per tonne green garden 

waste 

Average fraction % in a 

tonne of green garden waste 

Glass 0.079 0.008 

Ferrous and non-ferrous 

metals 
0.382 0.038 

Plastics - Hard 0.680 0.068 
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Plastics - Films 1.213 0.121 

Paper and cardboard 66.541 6.654 

Fabric/textiles 0.494 0.049 

Rock/minerals 0.553 0.055 

Wood 1.667 0.167 

Hazardous materials 0.0378 0.004 

Other 0.840 0.084 

Total 72.485 7.248 

Note: Other includes unopened bags (e.g. compostable bags and black bin bags containing green waste or pet litter) 

3.3 PREPARATION OF GARDEN WASTE BEFORE TREATMENT 

Garden waste may require preparation (i.e. shredding/chipping) before treatment, in 

order to make the material more even in size and to increase surface area which will assist 

in speeding up the composting time (WRAP 2013). There are two types of preparation 

that may take place: 

1. Manual or automatic sorting - unwanted large non-biodegradable materials such 

as metals and plastics are removed by hand or by means of magnetic and eddy 

current separators and air classifiers respectively; and  

2. Shredding - organic waste is shredded into smaller particles (to increase surface 

area per unit volume) by shredders fed wheel loader, crane and other conveying 

systems, or by means of belt and auger conveyors.  

The shredding allows bacteria to have a greater access to their substrate, leads to a 

homogeneous compost mixture and improves pile insulation that helps maintain 

optimum temperatures (Cooperband 2002, EPA 2016). Feedstock shredding can 

accelerate the composting process. However, if particles are too small, airflow (and 

oxygen availability) within the compost pile will be restricted, resulting in anaerobic 

conditions (Cooperband 2002, EPA 2016). 

3.4 COMPOSTING AND ITS FUNDAMENTAL PRINCIPLES 

A simple schematic diagram of the composting process is presented in Figure 3-1 

(Sánchez, Artola et al. 2015). For the decomposition to take place in a reasonable 

timeframe, input materials must be a mixture of easily degradable, wet organic 

substances and structure-improving organic matter. Structure improving materials are 

needed to create structure with adequate air-filled porosity and a high number of pores 

in the pile when air conductivity is low (European Commission 2017). The optimal 

conditions required for the successful aerobic decomposition of the organic materials to 

be achieved are as follows (Cooperband 2002, EPA 2016, European Commission 2017): 
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 Carbon-nitrogen (C:N) ratio between 20:1 and 35:1 – to supply microorganisms 
with nutrients and control the rate of the process and whether mineralisation (i.e. 
conversion of organic nitrogen to mineral forms of ammonium and nitrate), or 
immobilisation (i.e. incorporation of nitrogen into microbial biomass) of nitrogen 
occurs; 

 Moisture content (MC) between 40% and 65% by weight – to maintain 
microorganisms’ activity. Low MC impedes the composting process and makes 
compost piles more susceptible to spontaneous combustion, and MC higher than 
60% means the porosity in the compost pile is reduced (as pores are filled with 
water rather than air), leading to anaerobic conditions;  

 Available oxygen concentration equal to and greater than 5% - to maintain 
aerobic degradation, and control the rate and stability of the process (aerobic 
microorganisms consume oxygen to break down the organic material). Also 
important, in preventing the formation of anaerobic zones releasing methane;  

 Particle size no greater than 1 inch (2.54 cm) – to provide a surface area on which 
microorganisms can feed (microbial activity) and regulate the temperature and 
airflow in the compost pile. 

 pH between 5.5 and 8.5 – to promote a stable decomposition (aerobic 
microorganisms prefer pH in the range of 6-7.5). 

 
As a general rule, if the C:N ratio is greater than 20:1, microbes will immobilize nitrogen 

and retain it in the compost produced, but if it is less than 20:1, microbes will mineralise 

nitrogen resulting to its loss to the atmosphere as ammonia gas. A C:N ration of 15-30 is 

generally recommended for rapid composting (De Guardia, Rogeau et al. 1998). In 

general, green materials have lower C:N ratios than woody materials or dead leaves do, 

and animal wastes are more nitrogen rich than plant wastes are.  

In the case of MC, feedstock with different moisture-holding capacities can be blended 

with carbonaceous materials (e.g. newspaper and wood) to achieve an ideal MC. During 

the composting process the microbial activity increases in the compost pile, and more 

oxygen is consumed. This means that the oxygen supply must be replenished; failure to 

provide sufficient oxygen levels to microorganisms can lead to slow degradation and/or 

maturation rates and excessive odour production. Therefore, proper process control and 

oxygen levels monitoring is required to optimise the composting process while minimising 

odours pollution (Cooperband 2002). 

The influence of temperature also needs to be considered in oxygen monitoring. This is 

because microorganisms live in the water layer coating of composting particles. 

Therefore, the amount of oxygen that microorganisms have access to, is the amount 

dissolved in the water. This amount is small and can be further reduced at high 

temperatures, as oxygen solubility decreases with increasing temperature. This indicates 

that oxygen and temperature, and the moisture content, must be carefully controlled to 

ensure a good process performance. Based on data collected from several composting 

sites in the UK - as a requirement of the Best Available Techniques (BAT) guidance - 

dissolved oxygen levels in windrows were measured to be above 1 ppm most of the time, 
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indicating that it is unlikely to result in major odour problems (CompostManager 2018). 

Sites in which dissolved oxygen levels were measured to be below 0.5 ppm were failing 

and presented serious odour problems as a result, indicating that dissolved oxygen is one 

of the parameters that should also be monitored for assessing the composting process’s 

performance. In contrast, excessive oxygen as a result of high temperatures may dry out 

the pile and impede the composting process although this process could also be 

temperature dependent (EPA 2016). 

 

 

Figure 3-1 Representation of the composting process. Carbon, chemical energy, protein and water in 

finished compost are less than in the raw garden material. The volume of the finished compost is 
approximately 50% less than that of the raw material (Adopted from: Cooperband, 2002) 

 

Generally, for a pile to heat up and stay hot, the minimum volume should be 1 cubic yard 

(0.76 m3). Small piles are able to maintain higher internal oxygen concentrations than 

large piles can, but large piles retain higher temperature better than small piles do 

(Cooperband 2002). The ideal pile height for open air windrow composting is between 

four and eight feet with a width of 14 to 16 feet (EPA 2016). Generally, the width of the 

base of a windrow pile should be approximately two times its height. This size pile is large 

enough to generate enough heat and maintain temperatures, and small enough to allow 

oxygen flow to the windrow's core (EPA 2016). According to BREFS, maturation step can 

last from six to twelve weeks (European Commission 2017). At the end of the process, 

usually at the 12th week, the compost is produced (SEPA 2015). 

A reduction in volume and a change in colour of the material indicates compost maturity 

(Agnew and Leonard 2003). The volume of the finished compost is approximately 50% of 

the raw materials treated, meaning that one tonne of organic waste could generate 500 
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kg of compost. Similar conversion rates were also reported in other studies. For example, 

one report considered that 400 kg of compost is produced per tonne of green waste input 

to the facility, both indicating that the finished compost could be approximately 40-45% 

wt. of input material (ARCADIS and EUNOMIA).  

Table 3-3 Percentage of compost produced per total material input in 13 composting 
facilities in England between years 2010-2012 

Facility 
2010 

(% wt.) 

2011 

(% wt.) 

2012 

(% wt.) 

1 35.8 67.2 60.7 

2 49.5 61.7 0.0 

3 32.8 114.7 51.1 

4 49.2 56.0 24.8 

5 35.5 43.3 94.4 

6 42.4 38.4 30.6 

7 44.4 58.7 22.4 

8 40.7 41.0 34.5 

9 32.3 56.2 36.1 

10 41.8 34.5 48.9 

11 63.0 63.5 39.1 

12 n/a 40.9 46.8 

13 n/a 52.0 39.3 

 

Data from composting facilities in England presented in Table 3-3, revealed that the 

average compost in each facility per year is in the range of 40-56% of the input material, 

meaning that the decomposition rate is around 55%. Generally, the actual amount of 

compost produced per tonne of raw material input depends on the amount of carbon loss 

per carbon content of input material, which vary widely between the different waste 

components (Levis and Barlaz 2013). In the study of Bayard et al. (2017), it was shown 

that the biodegradation yield of a mixture of green waste (i.e. yard waste, leaves and 

branches) was 47.6%, whereas that of wood was around 9% under aerobic conditions 

(Bayard, Benbelkacem et al. 2017). 

Depending on its properties, compost can be used as a soil improver and mulch, substrate 

for growing media, and as a significant ingredient in manufactured top soils and turf 

dressings (BSI 2011). 
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3.5 FINALISATION AND COS PRODUCTION AND MANAGEMENT 

“Composting plants do not have a separate sanitation stage because self-heating within 

the windrows ensures sanitation” (p.336, Best Available Techniques (BAT) Reference 

Document for Waste Treatment) (European Commission).  

Finalisation of the processes is thus marked by the grading of compost according to its 

particle size (e.g. at 10 mm and 40 mm) as set in the PAS100. During the grading process, 

the woody materials of the finished product that have not been completely broken down 

(e.g. small tree branches) are left over after the finer compost grades have been 

“screened” out. This woody material together with small amounts of non-compostable 

materials such as metallic scraps, light impurities, and minerals that may also be present 

in the finished product, and which cannot be screened out during the compost size 

grading process (EA 2011, Stejskal and Jordánková 2015), are classed as ‘oversize’; hence 

the term compost oversize (COS).  

The COS fraction usually varies between 10-30% wt. of the stabilised material, but in the 

event of unfavourable conditions it can come up to 40-50% wt. of the stabilised material 

(Stejskal and Jordánková 2015). From the data provided by the composting facilities in 

England, the annual average COS produced was in the range of 5- 8% wt. of the total input.  

Table 3-4 Percentage of COS produced per total material input in 13 composting 
facilities in England between years 2010-2012 

Facility 
2010 

(% wt.) 

2011 

(% wt.) 

2012 

(% wt.) 

1 0.0 0.0 n/a 

2 0.0 0.0 n/a 

3 14.4 2.8 n/a 

4 11.4 0.0 n/a 

5 0.0 0.0 n/a 

6 7.9 26.2 n/a 

7 11.4 9.6 n/a 

8 19.1 15.6 n/a 

9 0.1 0.4 n/a 

10 11.9 4.1 n/a 

11 4.9 0.0 n/a 

12 n/a 1.2 n/a 

13 n/a 0.7 0.2 

 

Seasonal changes can be observed in COS production with the highest COS fraction (10-

17% wt.) being generated during August/September (peak time) and December/January. 

http://birchcomposting.com/the-composting-process
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The higher COS production rate observed during the winter can be attributed to the 

proportion of branches over grass cuttings as well as on paper and cardboard, as a 

consequence of less garden waste being produced, and its slower degree of degradation 

(WRAP 2018); whereas in summer this might be a result of more plastic material finding 

their way into the garden waste as a result of outdoor activities (e.g. picnic, barbeques, 

etc.). For the rest of the year the COS fraction was stable and varied between 3 and 7% 

wt. Paper and cardboard is by far the highest contamination source of green garden 

waste, throughout the year. 

3.5.1 COS compositional analysis  

Compositional analysis of COS is important in identifying the amount and type of woody 
materials and potential contaminants. The presence of various types of contaminants and 

their content in COS will determine its suitability for various resource recovery solutions. 

Table 3-5 COS compositional analysis based on the average of 5 samples collected and 
analysed from one OAW composting facility in England 

Material 

Fraction 

Mass  

(g) 

% mass in 

overall 

sample 

% 

moisture 

content 

(by oven) 

% 

moisture 

content 

(by meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content 

(%) 

Plastics 69.68 11.16 0.00 0.00 33959.92 0.00 

Stone 26.21 3.70 0.00 0.00 0.00 0.00 

Paper 17.82 2.52 0.00 0.00 3535.52 3.00 

Metal 3.45 0.49 0.00 0.00 390.77 0.00 

Other 26.90 3.48 0.00 0.00 0.00 0.00 

Small Fines 247.16 31.14 55.79 56.13 11996.40 27.16 

Little Twigs 142.58 21.61 61.35 57.18 17398.20 8.53 

Compacted 

Compost 
41.17 5.51 31.00 33.45 6832.40 26.68 

Big Twigs 96.79 14.55 56.37 56.54 18419.40 4.07 

Leaves 142.83 14.62 60.18 55.96 15478.50 19.00 

Total 721.50      
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Table 3-6 COS compositional analysis based on the median of 5 samples collected and 
analysed from one OAW composting facility in England 

Material 

Fraction 

Mass  

(g) 

% mass in 

overall 

sample 

% moisture 

content (by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value 

(J/g) 

Ash 

Content 

(%) 

Plastics 92.96 13.14 0.00 0.00 33960.00 0.00 

Stone 0.00 0.00 0.00 0.00 0.00 0.00 

Paper 0.00 0.00 0.00 0.00 0.00 0.00 

Metal 0.00 0.00 0.00 0.00 0.00 0.00 

Other 29.40 3.69 0.00 0.00 0.00 0.00 

Small Fines 188.01 26.57 58.38 58.58 10860.00 25.62 

Little Twigs 117.00 16.53 61.70 57.92 17157.00 7.75 

Compacted 

Compost 
53.86 6.94 32.62 39.69 4886.00 28.17 

Big Twigs 103.83 14.67 57.88 53.12 18704.00 4.15 

Leaves 142.83 14.62 60.18 55.96 15478.50 19.00 

Total 708.40      

 

The woody material was found to be higher than 50% in all COS samples analysed. In two 

of the samples it was over 90% wt., with the highest being at 96% wt. Plastic content was 

in the range of 0.00-22.38% wt. The highest percentage fraction was observed in two out 

of the five samples, whereas in the rest of the samples, plastic fraction was less than 10% 

in the one and not identified in the other two. This explains the average plastic fraction of 

around 12% shown in Table 3-5. Stones were found in one of the five samples at a 

percentage around 19% by mass, while paper and metals were also found in one sample, 

at 13% and 2%, respectively; explaining the median results presented in Table 3-6, for all 

three components. 

Woody materials that remain after the composting process mainly consist of cellulose, 

hemicellulose and lignin that are not readily accessible by microorganisms, each of which 

has a different heating value owing to its structure. As a general rule, the higher the 

hydrogen content of a material the higher its heating value is. As such, the dry heating 

value of cellulose, hemicellulose and lignin are 17 MJ/kg (7,320 Btu/lb), 16.63 MJ/kg (7165 

Btu/lb) and 21.13 MJ/kg (9,105 Btu/lb), respectively. The heating value of wood with 20% 

moisture is about 15 MJ/kg (6,465 Btu/lb) because some heat is consumed as heat of 

evaporation and heat of wetting during the composting process.   
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3.5.2 COS management options  

Typically, COS is stockpiled or is returned to the composting process, where it can be used 

as a structural agent to prevent oxygen deficiency during the composting process. Dry, 

firm wastes such as wood waste may also be taken through a grinder rather than a 

shredder. In each case the wood waste is broken down at high speed by a series of 

hammer mills. Some systems operate a two stage or multi-stage shredding/grinding 

process resulting in the production of material with a very even and reproducible particle 

size and with little or no oversize material present (WRAP 2006).  

Other potential options for COS management include (EA 2011, REA/ORG 2016):  

 Treatment into producing a fuel known as ‘Black Biomass’ (abbreviated as COS-

fuel) for combustion in non-WID biomass plants and non-WID gasification plants 

which are using the standard industrial biomass boiler that is subject to any 

additional emissions controls to comply with permitting requirements (usually 

used to burn Grade A, or possibly Grade B waste wood), which has the potential 

to get a non-waste status for specified use(s). This requires the separation of 

contaminants from COS, which can be associated with costs that could be higher 

than the market price of further treated COS that achieves a fuel specification.  

 Having a waste status but an exemption from the regulator for specified use(s), 

when COS is post-treated to sort out any contaminants present and generate a 

woody material stream that can be used to produce valuable products such as  

mulch and horse ménage (Defra 2012). 

 Having a waste status with reduced restrictions on its use as a waste in specified 

circumstances. For example, COS produced during a pre-composting process could 

be further treated to sort out wood waste which can be used as a ‘white biomass’ 

fuel for combustion in non-WID biomass plants and non-WID gasification plants. It 

is suggested that this can be a potentially large market (REA/ORG 2016), but 

regulatory changes would be need to support this management option.  

Compost Quality Protocol, PAS 100 and REAL’s Compost Certification Scheme rules allow 

composters to turn COS into a coarse, woody mulch grade which can become certified as 

a product if its quality is good enough (BSI 2011). Rules do not specify the particle size: 

the producer is expected to determine, with feedback from potential customers, what 

would be fit for purpose. However, preparation of COS to use as mulch based on PAS 100’s 

limit of 10 % w/w stones larger than 4 mm in mulch, is a costly and time consuming 

process. Effective removal of stones requires use of washing equipment, such as that used 

in the vegetable processing industry. With the exception of fine grade compost used in 

growing media or sports turf applications (both of these markets are small by volume), 

the % of stones larger than 4 mm is not problematic because the product (soil conditioner 

or mulch) will be applied to soil that already contains stones larger than 4 mm. However, 

high concentration of stones can reduce the available organic content.  
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4 COS VALUATION METHOD USING CVORR APPROACH 

COS is associated with a range of environmental, economic, technical and social issues, 

which vary based on the disposal/recovery options implemented for its recovery and 

management. Following the framework described in Section 2.1, here we describe the 

rationale followed in assessing COS production and management. 

4.1 MFA AND CONCEPTUAL VALUE ASSESSMENT 

In order to conceptualise the COS production system, upstream and downstream aspects 

of the point where COS is generated were considered. Hence, the collection and 

management of garden waste, its transport to the composting facility, the pre- and post-

treatment that take place during the composting process and implications thereof on COS 

production are taken into account.  

 

 

Figure 4-1 Simplified MFA of COS production system 

 

A simplified mass flow analysis of garden waste management and COS production is 

presented in Figure 4-1, using data from a typical OAW composting plant, such as those 

located in England. The average garden waste input to the system was considered to be 

76.69 kt per year. A detailed description of the management process that leads to COS 

production is presented in Section 4.4. 
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4.2 METRICS SELECTION 

A methodology for the selection of metrics that are both system- and stakeholder-specific, 

is currently under development. This methodology focuses on the integration of top-down 

and bottom-up value focused thinking approaches; as this work has yet to be fully 

developed, an intermediary way of supporting metrics selection has been established. 

This is based on a question-based technique developed by Keeney (1994) that aims to 

capture stakeholders views on what values are considered to be important based on the 

political and regulatory landscape that governs the system under assessment. This 

suggests that a brief analysis of the governance and institutional considerations 

associated with COS production and management is a prerequisite in getting the 

participants prepared for the interview. 

As such, our reflection on the governance and institutional aspects that govern COS 

production and management is provided to demonstrate its potential usefulness in 

supporting the selection of the ‘major’ metrics used in the valuation process. This is as 

follows: 

4.2.1 Governance and institutional context 

In this project the focus is on England, where the government has set out the ambition to 

move towards a zero waste economy that delivers economic and environmental benefits 

(Velenturf, Purnell et al. 2018). However, the waste management strategy (2013) and 

associated post-adoption statement (2013) indicate a step backwards, with little ambition 

for radical, significant economic and societal reforms required for sustainable waste and 

resource management. The waste management strategy appears to deliver the bottom 

line requirements for the revised EU Waste Framework Directive with the objective to 

“protect the environment and human health by preventing or reducing the adverse 

impacts of the generation and management of waste and by reducing overall impacts of 

resource use and improving the efficiency of such use”; on paper in accordance with the 

waste hierarchy. The aspiration for a zero waste economy remained, but is hardly backed 

up by actions and plans to implement the required change.  

Waste should be perceived as a resource that should be “fully valued – financially and 

environmentally – both during their productive life and at ‘end of life’ as waste” (p.10, 

National Infrastructure Plan 2011) (HM Treasury 2011). In England, the responsibility to 

ensure that the right infrastructure at all levels of the waste hierarchy and the 

implementation of relevant regulations such as waste planning are in place are delegated 

to the Department of Environment, Food and Rural Affairs (Defra) and the local 

authorities, whereas compliance with environmental regulations is the responsibility of 

the Environment Agency. However, close analysis of public investment and 

implementation of policies and regulations indicates a strong bias towards energy from 

waste (Purnell 2017) and limited capacity in terms of people, expertise and financial 



 

 

19 

19 

resources to deliver effectively (Velenturf 2016). The waste prevention programme for 

England (2013) envisions a more resource efficient, circular economy promoting 

innovation, saving money and reducing environmental impacts whilst promoting 

sustainable growth (HM Government 2013); however, particularly innovations for the 

valorisation of organic non-food wastes are constrained by policy and regulation 

(Velenturf 2016). The British government needs to find a way to realise its ambition, such 

as indicated in the Clean Growth Strategy (2017), for a zero waste economy that 

maximises value extracted from resources and minimises carbon emissions as well as 

further environmental impacts during extraction, use and disposal (HM Government 

2017). Perhaps the promised Resources and Waste Strategy, aiming to make the UK a 

world leader in competitiveness, resource productivity and resource efficiency, offers a 

good opportunity to formulate a governance framework more amenable to waste-to-

resource innovation in all sectors including the composting and valorising of all materials 

commonly found in green waste. 

This strategic regulatory and governance framework suggests that the following points 

are important to consider when assessing the COS production and management system: 

 Waste reduction 

 Resource efficiency 

 Energy efficiency 

 Cost savings 

 Economic growth 

 Carbon reductions 

A single type of stakeholder (i.e. policy-makers or regulators) cannot properly assess and 

solve the challenges associated with the points above (Velenturf and Purnell 2017). 

Collaborative approaches are needed upstream or downstream of the COS management 

system in order to improve its performance and sustainability (Morana and Seuring 2011, 

León-Bravo, Caniato et al. 2017). These approaches require an understanding of all 

stakeholders involved in the system. For that purpose, components from supply chain 

management and stakeholder analysis were adopted.   

4.2.2 Supply chain management and stakeholder analysis 

The management of multiple relationships across the supply chain is being referred to as 

supply chain management (SCM) (Lambert and Cooper 2000). The term ‘supply chain’ 

describes the network of suppliers, distributors and consumers; and includes the 

manufacturing, storing, transporting, and use of a material, component and product, as 

well as its disposal and management (Lambert and Cooper 2000, Zhu and Sarkis 2004).  

SCM, initially defined by Hanfield and Nichols (1999), is the “integration of activities 

associated with the flow and transformation of goods from raw materials stage 
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(extraction), through to the end user, as well as the associated information flows through 

improved supply chain relationships to achieve a sustainable competitive advantage” (Zhu 

and Sarkis 2004, Seuring and Müller 2008). With sustainability becoming increasingly 

widespread, new definitions have surfaced that acknowledged the necessity of making 

new provisions in supply chain management that focus on the three dimensions of 

sustainability; business needs (economic), natural aspects (environmental), and societal 

considerations (social) (Seuring and Müller 2008). These (new definitions) include the 

green supply chain management (Zhu and Sarkis 2004); integrated supply chain 

management (Gupte and Saptarshi 2012); and the sustainable supply chain management 

(Seuring and Müller 2008); with the latter being more holistic and thus adopted in this 

study.  

Sustainable SCM is the process under which all activities associated with the material, 

component and product flows and their transformation in the system, as well as 

associated information and financial flows, and the relationships between the actors 

involved are considered both upstream and downstream of the supply chain (Seuring and 

Müller 2008, Gupte and Saptarshi 2012). Based on this definition the consideration of a 

sustainable and integrated COS management system requires the consideration of 

environmental, social, cultural, institutional, political and legal aspects and the role of 

stakeholders.  

In regards to identifying stakeholders, there is a range of methods to support their 

identification and selection may depend on the purpose of the analysis (Reed, Graves et 

al. 2009). Stakeholders may change from one system to another; yet, it is accepted that 

key stakeholders can include: employees, suppliers, contractors, government, creditors, 

insurers, shareholders, consumers, trade unions, local communities, competitors, media 

and NGOs (Heidrich, Harvey et al. 2009). Stakeholders affect the way our materials, 

components and products (MCPs) are managed through their lifecycle, and as such it is 

important when selecting metrics to be aware of the relevant stakeholders that can affect 

and be affected by the way MCPs are managed. It is also important to consider the 

interactions between stakeholders as these might influence decisions made regarding 

MCPs management and associated value.  

In COS production and management the following network of actors was identified: 

Table 4-1 Stakeholders involved in COS production and management  

Stakeholders Roles Relationship 

Policy-makers and 

regulators (e.g. 

Defra, EU, 

Treasury, EA) 

EU & national Government 

strategy development and 

legislation on waste management; 

tax instruments; incentives and 

subsidies providers 

Can affect the system directly via 

legislation, regulation and 

compliance; and can be affected 

by recovery targets 
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Local authorities 

(LAs) 

Waste management plan 

development and integration of 

waste management in local 

planning processes and control; 

they may also provide waste 

services or contracts  

Can affect the waste management 

system directly via planning, 

monitoring and provision of waste 

services; and can be affected by 

National policy and strategy; and 

local community (e.g. 

householders) and contractors 

practices 

Contractors 

(includes waste 

carriers and waste 

management 

facilities) 

Deliver waste management 

services that may include waste 

collection, waste collection and 

management, or waste 

management  

Can affect waste management and 

resource recovery practices and 

can be affected by regulator’s 

control measures and LAs pressure 

Local communities Participation in decision-making, 

implementation and monitoring 

associated with waste 

management practices, and 

responsible for segregating 

(garden) waste at source. They can 

also be neighbours to waste 

management facilities 

Can affect the system indirectly 

through participation in waste 

facilities planning, especially when 

environmental concerns exist, and 

directly via waste production and 

segregation practices; can be 

affected by LAs decisions and 

contractors practices (both at 

collection and management 

stages) 

Associations and 

professional 

institutions (e.g. 

CIWM/ESA) 

Cross-sectoral coordination and 

incorporation of best practice in 

waste management industry 

Can affect the system indirectly 

through provision of guides; 

increasing interest in the 

sustainable standing of various 

industrial sectors; and can be 

affected by reputation 

NGOs Mobilizing community 

participation, voicing local concern 

Can affect indirectly planning of 

waste management facilities via 

lobbying and may become more 

important if any urgent claim or 

effect becomes present  

Customers (buyers, 

specifiers, 

intermediaries, 

end users) 

Purchase of products (e.g. 

compost and COS) 

Can affect the system directly, 

particularly if an environmental 

claim is made; and can be affected 

by the quality of the product 
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4.2.3 Question-based technique aiding metrics selection 

The metrics used for the evaluation of COS production and management system can be 

many. But, selection of a large number of metrics can make it difficult to evaluate 

sustainability in a comprehensive manner (Diaz-Balteiro, González-Pachón et al. 2017) 

Therefore, selection of a few, representative metrics is considered to be a more robust 

way of valuation and assessment (Gudmundsson, Hall et al. 2016).  

A question-based technique, suggested in Keeney for identifying key evaluation 

objectives3, was used to get stakeholders’ opinion on valuation aspects surrounding COS 

production and management (Keeney 1994, Trousdale and Gregory 2004, Gudmundsson, 

Hall et al. 2016). The questions presented in Table 4-2, is a way of helping stakeholders to 

clearly define and structure their fundamental objectives related to COS production and 

management. Although the responses can be based on each stakeholder’s interests and 

needs, these can give insight into the reasons they are interested in COS production and 

management and the objectives that matter to them, creating a better understanding of 

their values; hence, making it easier to clarify value trade-offs and select metrics.  

Table 4-2 Question-based technique for selecting key value considerations  

No. Interview questions for metrics selection 

1 What environmental/economic/social/technical values are important in the system? 

2 What is wrong with the system as it is? 

3 What is right with the system as it is? 

4 
What values (from each domain) do you think are absolutely fundamental to be 

included in the assessment of this system? 

5 
Are these values important to all stakeholders?  What additional values are important 

to industry? Policy-makers? Academics? 

6 Why are these values important to you and other stakeholders?  

7 How are these values going to be measured? 

 

This approach was piloted on a small number of people with an expert understanding of 

the COS project delivered herein. The three participants were interviewed individually 

based on their capacity as practitioners, academics and industry representatives. Data 

was organised into a table ahead of further analysis and interpretation as outlined in 

Section 4.2.4. 

                                                      
3 Objectives are defined as “statements of something that one wants to strive toward”. Source: Keeney, R. 
L. (1994). "CREATIVITY IN DECISION MAKING WITH VALUE-FOCUSED THINKING." Sloan Management Review 
35(4). 
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4.2.4 Stakeholders objectives and metrics selection 

Following the stakeholders’ responses to the questions described in Section 4.2.3 we were 

able to get an insight on their objectives and values in relation to the COS production and 

management system. The stakeholders’ responses are not provided herein to maintain 

their confidentiality. Comparative analysis of the responses resulted in the selection of 

values which were considered critical for the systematic and transparent assessment of 

COS management. The stockpiling of COS was considered as the business as usual 

management option by all stakeholders. Other management options such as combustion 

and gasification came up sporadically.  

Stakeholders’ responses on the metrics showed a number of similarities. It could be that 

with an increasing number of stakeholders the metrics selected would differentiate more, 

as their selection will be affected by each stakeholder involved in the process and their 

personal knowledge and experience. This means that although some criteria may be 

universal (common) (e.g. carbon emissions, energy consumption, capital and operational 

costs), while others especially in the social and technical domain (e.g. legal requirements, 

technological advancement of facilities, acceptability, accessibility, proximity to 

residential areas) can be case-sensitive and dependent on the specificities of each 

management option as perceived by each type of stakeholder.  

In this study we piloted the metric selection approach with a limited number of 

stakeholders. The metrics identified by all stakeholders for assessing the performance of 

the COS production and management, were selected for the analysis. These are the 

following: 

 Environmental domain – GHG emissions, Energy consumption; 

 Economic domain – Capital cost, Operational and maintenance costs, Utility costs 

and Revenues; 

 Social domain – Working hours, Working hourly wage, Health and safety of labour;  

 Technical domain – Process performance, Contamination. 

The following section (Section 4.3) explains how the COS management scenarios were 

identified and then in Section 4.4, the initial complex value assessment and evaluation is 

presented.  

4.3 SCENARIO DEVELOPMENT 

Aside from the organic oversize fraction that is “re-entered” to the start of the composting 

process, operators have generally stored COS during the past years. This is because 

landfilling has become considerably expensive, with gate fees up to £120 per tonne, and 

hence it is now rarely an option for COS management. Export, whether illegal or legal, is 

also not considered economically attractive, given the high transport costs and limited 

value of the resource. Another alternative is COS combustion. COS is mostly composed of 



 

 

24 

24 

wood (with a net calorific value (NCV) over than 10MJ/kg4), and therefore its use as a fuel 

is considered to be highly desirable.  

According to Article 6 (1) and (2) of the Waste Framework Directive (WFD) 2008/98/EC, 

clean COS-fuel is not considered to be waste and can be combusted in a standard 

industrial biomass boiler that is exempt from Waste Incineration Directive/ Industrial 

Emissions Directive (WID/IED)5 technical standards; commonly known as non-WID 

compliant boiler. This boiler is only subject to additional emissions controls to comply with 

permitting requirements. However, as COS tends to contain impurities (e.g. plastics, glass, 

metals and treated wood with preservatives or coatings, such as wood used in 

construction applications), is considered to be waste according to the end-of waste 

criteria outlined in the WFD. As a result, this type of COS can only be combusted at WID 

compliant sites that are subject to the appropriate control emissions in compliance with 

the WID permitting requirements, which are relatively scarce in the UK and are expensive 

to operate due to temperature restrictions, residence time and stack monitoring costs.  

Consideration for the production of clean COS would require a clear position from the 

Environment Agency, to define the resource characteristics of COS suitable for 

combustion in non-WID facilities. Industry considers that such definition has not been 

presented as of yet; COS continues to be considered waste that needs to be combusted 

in WID compliant boilers. A WID compliant boiler is larger and more expensive than a 

standard industrial biomass boiler, and thus due to low heating value of the COS woody 

material it might be more cost-effective to explore alternative pathways to valorise the 

oversize fraction.  

In this study three scenarios were taken into account. Each of the scenarios presented a 

different intervention either upstream or downstream of the system, with the aim to 

identify which (intervention) offers the potential to optimise recovery of resources from 

waste and achieve sustainable resource management in the long-term. 

One of the scenarios is the so called ‘Business as usual’ or BAU case that captures the 

current situation with the aim to assess and compare its resource recovery potential with 

the other scenarios. BAU involves the stockpiling of COS at composting facilities due to 

the lack of clear pathways to valorise the compost oversize. However, with fire risks 

mounting, new fire management guidance was introduced in 2016 and revised in 2018 

(Environment Agency 2018). This increased the costs of stockpiling COS, making it 

increasingly desirable for the industry to find alternative management solutions.  

Alternatives that have been explored include: 

                                                      
4 The desirable calorific value of waste considered for incineration should not be less than 1500 Kcal/kg (~ 
6.28 MJ/kg) (SWM Rules, 2016) 
5 The WID regulations have now been amalgamated into the IED and a boiler that complies with the 
requirements of the IED must hold the combustion gases at a temperature of 850°C for a minimum of 2 
seconds.  
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 Washing to separate the biogenic and mineral fractions, to get a cleaner oversize 

fraction with higher average calorific value for combustion (sometimes in on-site 

small WID facilities); sending minerals to the aggregates industry. This approach is 

not generally adopted in the composting industry.  

 Washing (to reduce chlorine content) and shredding to produce a mulch that can 

be used for moisture retention of soils. This approach has been trialled but has 

only been adopted for a couple of applications.  

 So-called “black biomass”, referring to COS collected after the composting process 

has been completed. This material can be used as a fuel, however, there is no 

demand in the UK.  

 Gasification has been trialled. Initial trials were unsuccessful but progress has been 

made in subsequent tests and now gasification is considered a commercially viable 

option. 

 Pyrolysis has been trialled. Initially was considered to be unsuccessful, but now 

new progress has been achieved. 

 Acid wash combined with steam explosion to separate the fibre from the other 

material fractions.  

 Improved quality of green waste, reducing the quantity of COS and improving its 

resource characteristics, through more education and enforcement aimed at 

householders by local authorities/ waste transporters responsible for collection.  

Based on the latest details on industry applications available to this project, the following 

scenarios were selected: 

 Scenario 1: Stockpiling of COS on-site at the composting facility (BAU scenario) and 

the backbone upon which the rest of the scenarios built upon.  

 Scenario 2: Combustion of COS in a WID/IED compliant facility with energy 

recovery. 

 Scenario 3: Reduced contamination of garden waste by better implementation of 

policy and regulations in local authorities (LAs), enabling COS valorisation via 

gasification. 

4.4 VALUE ASSESSMENT AND EVALUATION OF COS MANAGEMENT SCENARIOS 

Having selected the metrics used for the evaluation of COS management options, and 

clearly articulated the scenarios identified, the valuation and assessment process of each 

scenario is presented in the following Sections. A comparative assessment of all findings 

was made to determine which management option creates or dissipates COS value.  

This study provides only preliminary findings on the assessment and evaluation process 

bearing on a simplistic appreciation of the COS production and management system.  A 

number of assumptions and omissions had to be made due to time constraints for the 
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delivery of this study. As such, the results should not be used to reach any conclusions on 

the efficacy of the assessed COS management options. The authors acknowledge that 

many of these omissions are important and should not have been ignored in a full analysis 

to, for example, provide conclusive evidence to inform decisions regarding COS 

management and regulation. This study provides an indication for potential solutions that 

need to be researched further.  

4.4.1 BAU scenario: COS stockpiling on-site 

The system configuration presented in Figure 4-2, provides a detailed overview of the 

processes that take place in a typical composting facility; hence leading to COS generation. 

This system is generic and applies to all scenarios assessed (and not only to BAU), giving 

an indication of the amount of COS produced. The garden waste input to the system was 

assumed to be at 76.69 kt per year (based on data from composting facilities in England), 

and un-shredded material and water were added at a rate of 7.67 kt and 13.80 kt per year, 

respectively, to ensure the reliable performance of the composting process.   

The material flows shown in Figure 4-2 were established based on a set of transfer 

coefficients for each process. These were deduced from the study of (Andersen, Boldrin 

et al. 2010) and are presented in Table B-1 of the Appendix. 

 

Figure 4-2 Detailed representation of composting process with emphasis on COS 
production  
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Garden waste is pre-treated and composted following the steps presented in Figure 4-2 

and the COS produced is assumed to be stockpiled (baseline scenario) for representation 

purposes. The figure shows the input and output flows from each process, as well as the 

intermediate products and stocks. Total COS production was estimated at 13.46 kt per 

year, accounting for 18% of the total green waste input, whereas compost production was 

estimated at 26.93 kt per year, of which 99% was between 0-10mm (PAS100 approved) 

and the rest was between 0-40mm, accounting for 35% of total green waste input. Some 

0.90 kt of other oversize foreign materials primarily consisting of plastic bags, glass and 

metals are extracted from compost and COS and disposed of to landfill. 

A summary of outputs from the OAW composting plant located in England is summarised 

below. 

Table 4-3 Compost and oversize materials from a composting facility in England 

Component t/yr t/t green waste 

Compost (total) 26925.57 0.35 

Compost (0-10mm) 26601.36 0.347 

Compost (0-40mm) 324.20 0.004 

Oversize materials to landfill 904.00 0.01 

Oversize materials in storage 

(stockpiling) 
13460.56 0.18 

Losses (incl. heavy contaminants) 65209.62 0.85 

 

The system analysis also includes the collection and transport of garden waste from 

households to the OAW composting facility. The main parameters used for estimating 

collection and transport related impacts are detailed in Table B-2 in Appendix B.  

The OAW composting plant is assumed to be located near LAs and to have a lifetime of 25 

years. Most contracts between LAs and composting facilities are between 5 and 7 years 

which affects the capital costs as the depreciation period is around 10 years, but this was 

ignored for simplicity purposes and we assumed a contract of 25 years which is close to 

an average composting facility’s payback period associated with land acquisition and 

investment. Using Leeds as a reference point for the analysis, and identifying the average 

distance from the nearby composting facilities that the authority is being served by, we 

were able to get the proximity of the facilities to the community, essential in proceeding 

with the analysis of environmental and economic associated impacts.  
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 Environmental assessment 

In the BAU scenario, carbon emissions, electricity use and fuel consumption were taken 

into account. Carbon emissions from the OAW composting system can be direct, e.g. 

vehicle and other machinery operated on diesel used on-site and the composting process, 

and indirect emissions, e.g. electricity use, arising primarily from the following main 

processes:  

 Collection and transport of garden waste to OAW composting facility; 

 Reception, shredding and active composting; 

 Post-treatment for compost and COS production;  

 COS stockpiling; and 

 Landfilling of other materials. 

For simplicity both direct and indirect carbon emissions are aggregated into GHG 

emissions. The fuel and electricity used at each process are also included in the analysis. 

A detailed description of the way GHG emissions and energy consumed (fuel and 

electricity) in the above processes were estimated, can be found in Appendix B.   

Table 4-4 Environmental assessment of COS stockpiling (BAU) scenario 

No. Processes 
GHG emissions 

(t CO2 eq./yr) 

Diesel 

consumption 

(l/yr) 

Electricity 

consumption 

(kWh/yr) 

1 Collection and transport 56.74 21234.24 - 

2 Composting 12070.38 245407.62 47055.72 

3 COS production 15.62 5567.09 2122.95 

4 COS stockpiling 2.18 813.82 13.25 

5 Landfilling other materials 0.13 47.72  

TOTAL 12.15 273070.49 49191.91 

Total over 25-year lifetime 303.63 6826762.36 1229797.77 

 

From the active composting process (process no. 2 in Table 4-4), a total of 11.4 kt of GHG 

are emitted into the atmosphere each year, which over the facility 25 year lifetime adds 

up to nearly 302 kt CO2 eq.. This is primarily attributed to the high CO2 and CH4 emissions 

generated during the degradation process. With CH4 being 25 times more potent than CO2 

over 100 years period means that even if its contribution to total emissions by mass is 

lower, its effect on the global warming potential is significantly higher. A mass 

contribution of each GHG gas is presented in Table B-8 in Appendix B. 
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In regards to diesel consumption on the OAW composting facility (processes 2-4 in Table 

4-4), it is estimated that a total of around 252 Ml of diesel are consumed each year, 

contributing to 0.67 kt of GHG emissions. Diesel is primarily consumed by the machinery 

(shredding and windrow turners) as well as the front-end loaders used at the composting 

facility and during the composting process. Electricity consumption may be used for 

machinery, such as screening, but is mainly used for illuminating and heating the 

administrative buildings. Electricity use contribution to GHG emissions is estimated at 

around 0.019 kt of GHG emissions per year. 

 Economic assessment 

The metrics that were considered most important for the economic impact assessment of 

COS production and management were the equipment costs, utility costs, maintenance 

costs, and personnel costs, from the following main processes:  

 Collection and transport of garden waste to OAW composting facility; 

 Reception, shredding and active composting; 

 Post-treatment for compost and COS production;  

 COS stockpiling; and 

 Landfilling of other materials. 

It was assumed that the contract duration of an OAW composting facility is 25 years, while 

the lifetime of the equipment used on-site is around 10 years, with a replacement rate of 

2 timers per facility’s lifetime. The tires used in front end loaders and windrow turners 

were assumed to have a lifetime of 87.5 days with a replacement rate of 104 times over 

the 25 year lifetime of the facility. In the operational cost the repair and replacement costs 

were taken into account. For the labour cost it was assumed that 14 people work on-site 

of which 6 are skilled staff with an average working wage of £ 36,600 and the rest are un-

skilled staff with an average working wage of 18,000.  

In regards to collection and transport of green waste to OAW composting facility it was 

assumed that 4 trucks are used which have a lifetime of 6 years. Eight people were 

assumed to be employed in the collection and transport of waste with an average working 

wage of £20,000 per year.  

Land acquisition cost, and other costs associated with the land retention time required 

for composting (linked to maturation time) in relation to the amount of waste received 

and tha plant capacity and the land requirements for COS storage, as well as other capital 

investment costs and revenues from the sale of products were not included in the 

analysis, presented in Table 4-5. The consumables cost include the cost of fuel consumed 

at all processes, whereas utility costs refer to the electricity used on-site. Detailed 

description of the analysis is presented in Appendix B (Scenario 1 section). 
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Table 4-5 Economic assessment of COS stockpiling (BAU) scenario 

Processes 
Consumables 

(£/yr) 

Labour 

cost 

(£/yr) 

Utility 

costs 

(£/yr) 

Gate fees 

(£/yr) 

Capital 

cost 

(£/yr) 

Maintenance 

cost 

(£/yr) 

Collection and 

transport 
25,606 160,000  1,840,535 520,000  

Composting 295,937 166,049 3,840  1,543,006 196,994 

COS production 6,713 166,049 173  649,849 40,587 

COS stockpiling 981 166,049 1.1  623,017 65,698 

Landfilling other 

materials 
58 40,000  293,364 130,000  

TOTAL 329,296 698,148 4,014 2,133,899 3,465,871 303,279 

 

The typical equipment used in an OAW composting facility is estimated to be up to £2.8 

million, indicating that a substantial capital investment is needed to run this type of facility 

despite its apparent simplicity. Given that the lifetime of this equipment is approximately 

10 years, and the facility may be contracted to run for 25 years, then all costs except 

capital costs would be incurred 25 times more over the facility’s lifetime, as presented in 

Figure 4-3. 

 

 

Figure 4-3 Economic assessment of the COS stockpiling scenario over the OAW 
composting facility’s 25 year lifetime 
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Collection and transport of green waste represents the highest cost over the 25 year 

period. This cost is mainly associated with the gate fees of waste received at the 

composting facility. Uncertainty regarding the marginal rise on the gate fee payments 

made by the local authority to the service provider (for the collection and/or management 

of green waste – depending on contract) makes it difficult to estimate how this operating 

expenditure would change in the next 25 years. In addition the way gate fees will be used 

in the future - whether to generate a stream of revenue to the service provider, or as an 

additional cost for local authorities depending on the contract put in place and the 

subsidies available - makes it possible that gate fees may lie well above other costs.  

The costs associated with the processing of green waste at the OAW composting facility, 

post-treatment of compost produced and COS management need to be accounted in line 

with the profits expected from compost sales; however, this was not included in the 

analysis and it is unknown how it would affect the net profits made. 

Figure 4-4 shows the cost distribution without gate fees, indicating that the composting 

process is the most financially demanding process compared to transport and COS 

production and management on-site.   

 

 

Figure 4-4 Economic assessment of the COS stockpiling scenario over the OAW 
composting facility’s lifetime excluding gate fees 
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It must be highlighted that conclusions in regards to the costs of the composting process, 

financial flows must be accounted; and the actors that are responsible for making the 

relevant payments and/or incurring the relevant costs must be identified. 

 Social and technical assessments 

In the social and technical domains of value it was not possible to deduct any specific 

measurements. The staff working wage was presented in the economic domain, as part 

of the labour costs. No new jobs are assumed to be created by the COS stockpiling 

scenario as the personnel already working on-site is responsible for the storage/ 

management of COS. 

Staff is assumed to be provided with operating and health and safety guidance and 

equipment. In fact, no reported incidents gave rise to concerns around fatalities/injuries 

in the OAW composting facilities in England. Bio-aerosols, micro-organisms, spores and 

by-products that are likely to be released during the composting and the COS 

management operations, can be a potential source of staff exposure bearing important 

health risks. However, measures are put in place in order to control and minimise the 

generation of dust, e.g. through the use of enclosed sieves or by damping the compost 

prior to sieving; leading to a significant reduction of such risks, especially when the staff 

follows the operating and health and safety guidance provided.  

The risk of exposure (i.e. via inhalation, skin contact or absorption, injection, ingestion) to 

bio-aerosol emissions from the composting of green garden waste of the nearby 

communities, is reported to be highly unlikely as it normally drops to normal levels within 

250 metres of commercial sites. Additional information in regards to health and safety 

procedures that are in place can be found in Appendix B.   

In regards to technical aspects, when the composting process is not managed properly, 

e.g. aerated sufficiently, or the mix of wastes added is not monitored (e.g. too much wet 

waste), there is a potential that conditions can become anaerobic. This can result in fire 

hazards, as a result of spontaneous combustion resulting from self-heating6, or the 

generation of strong unpleasant odours that can lead to nuisance implications (EA 2011, 

Manchester and Bardos unknown). 

Fires can also be caused by other sources of ignition such as arson, discarded cigarettes 

and sparks from processing operations and can have severe impacts on the local 

communities and the environment (Manchester and Bardos unknown); while they can 

also threaten the entire facility investment, including presenting a potential life risk 

danger to staff and firefighters (Rynk 2008). Site managers at OAW composting facilities 

                                                      
6 Self-heating is when materials (through biological and chemical processes taking place within the material) 
reach to a temperature high enough to cause them to ignite. In certain circumstances the temperature rise 
may increase both in magnitude and rate sufficiently to culminate in combustion; that is, there may be a 
‘self-ignition’ or ‘spontaneous ignition’. 
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must be aware of all the potential fire hazards that exist on their sites in order for them 

to produce a comprehensive fire safety plan and an effective risk assessment. The risk of 

nuisance can be reduced by optimising the performance of the system (e.g. control of 

input material, getting the right ratio of carbon and nitrogen-rich waste materials, etc.) 

and carefully monitoring MC and oxygen levels (EA 2011).  

Consideration is often given to the siting of a waste facility to avoid placing them too close 

to activities or buildings which may be sensitive to odour, e.g. hotels, schools, hospitals, 

and minimising the quantity and duration of storage of wastes for treatment prior to the 

process (EA 2011).  

4.4.2 Scenario 2: Combustion of COS in WID biomass combustion facilities 

In this scenario, it is assumed that COS produced at the OAW composting facility, is 

diverted to a WID-certified incineration facility, or else known as energy recovery facility, 

to be combusted. COS combustion produces a hot gas that is used to recover energy. A 

material flow diagram, presented in Figure 4-5, shows the COS input (total 13.46 kt per 

year) to the incineration facility, and the outputs resulting from its combustion.  

For simplicity, it was assumed that an electricity only incineration facility is used; hence 

no heat is produced. The mass flows were estimated based on the mass flows adopted 

from the study of Jeswani and Azapagic (Jeswani and Azapagic 2016) 

 

 

Figure 4-5 Mass flow inputs and outputs from COS incineration  

 

Based on the mass balance figure (figure 4-5), renewable energy generation (electricity 

only) from COS combustion is estimated at approximately 5 GWh/yr. The exhaust 

combustion gases (flue gases) produced during COS combustion are treated to remove 

pre-existing contaminants or contaminants generated during the combustion process. 
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These contaminants are concentrated in the form of a fine grained powder (ash), which is 

known as air pollution control (APC) residues (Astrup 2008). APC residues is an Absolute 

Entry (A) hazardous waste (see List of Waste) and has a high pH, heavy metal content and 

persistent organic pollutants (POPs), such as dioxins (Veolia 2013). Because of its 

hazardous nature it must be managed in a controlled way to ensure protection of the 

environment and human health. In the UK, the most common way to treat APC residues 

is by physico-chemical treatment, which changes the chemical and physical nature of APC 

residues, rendering it safe to dispose of to landfill (Quina, Bordado et al. 2014). Based on 

the mass balance presented in Figure 4-5, it is estimated that a little over 0.4 kt of APC 

residues are produced from COS combustion each year. 

Another residue from the incineration process is bottom ash. Despite its name, bottom 

ash is not a powdery material; it may contain glass, brick, rubble, sand, grit, metal, stone, 

concrete, ceramics and fused clinker. Ferrous metals are traditionally screened out and 

recycled where possible, whereas bottom ash is characterised by the plant operator as 

either hazardous or non-hazardous and taken off site (Forteza, Far et al. 2004). Non-

hazardous bottom ash is used in the construction industry as a secondary aggregate in 

road sub base, a bulk filler for construction and in cement bound materials (Wiles 1996, 

Rendek, Ducom et al. 2006). Hazardous bottom-ash is either disposed in a hazardous 

landfill or is diverted for further treatment. In Figure 4-5, it is shown that 2.9 kt of bottom 

ash and 0.3. kt of ferrous metals are produced each year from the combustion of COS. 

 Environmental Assessment 

In this scenario the environmental impacts presented in the BAU, except of those 

associated with COS stockpiling, were taken into account. In the mass balance APC 

residues, bottom ash and ferrous metals produced and managed can significantly affect 

the environmental stability of the system. However, due to time constraints, these were 

excluded from the analysis. The additions made in this scenario concern specifically the 

COS collection and transportation to the WID compliant facility, and its subsequent 

combustion. 

The potential impacts of COS incineration includes the:  

 direct and indirect carbon emissions to air, aggregated as GHG emissions, overall 

process emissions to air and water (including odour) 

 overall process residue production 

 process noise and odour emissions 

 energy consumption and production  

 raw material (reagent) consumption (e.g. ammonia, activated carbon, etc.)  

The application and enforcement of advanced pollution control technologies, has reduced 

emissions to air to levels at which pollution risks from waste incinerators are now 

generally considered to be very low (EC 2006). Additionally, many waste incineration 
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installations have now a particular role as energy-from-waste recovery processes, 

recovering the calorific value embedded in COS. This bears benefits to the OAW 

composting facility operators, as well, due to a reduction of the storage/handling risks of 

COS.  

In Table 4-6 the metrics used for the environmental valuation of COS incineration are 

presented.
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Table 4-6 Environmental assessment of COS incineration 

Processes 

Total GHG 

emission 

(tCO2-eq/yr) 

Diesel 

consumption 

(l/yr) 

Electricity 

consumption 

(kWh/yr) 

Acidification 

potential 

(tSO2-eq/yr) 

Net renewable 

energy 

generated 

(kWh/yr) 

Water 

consumption 

(l/yr) 

Other 

consumables 

(t/yr) 

Avoided GHG 

emissions 

(t/yr) 

Collection and 

transport 
56.74 21234.24 - - - - - - 

Composting 12070.38 245407.62 47055.72 - - - - - 

COS production 15.62 5567.09 2122.95 - - - - - 

Landfilling other 

materials 
0.13 47.72  - - - - - 

COS transport to 

incinerator 
26.60 9953.55 - - - - - - 

COS incineration 6132.77 - 169514.17 10.43 334184.50 3876640.15 182.26 117.49 

TOTAL 18302.23 282210.23 218692.83 10.43 334184.50 3876640.15 182.26 117.49 

Total over 25-year 

lifetime 
457555.74 7055255.68 5467320.82 260.72 8354612.42 96916003.69 4556.40 2937.15 

 

A detailed description of   how the above figures were analysed is presented in Appendix B (Scenario 2 Sub-section).



 

As shown in Table 4-6, incineration is the second most carbon intensive process following 

composting. However, the benefit of incineration as opposed to composting and 

effectively COS stockpiling lies on its potential to generate renewable energy which can 

displace energy generated from fossil fuels, leading also to potential carbon savings.  

From our analysis it is estimated that approximately 504 MWh electricity is produced each 

year from COS combustion, leading to a net energy generation of 334 MWh per year. This 

renewable energy generation is leading to an offset of 117 kt of CO2 eq. per year.  

Despite its benefits, incineration can also demand the consumption of a range of 

resources, such as water and chemicals. It is estimated that 4 Ml of water are consumed 

each year, mainly for flue-gas cleaning, which may vary depending on whether a wet, dry 

or semi-wet system is used (EC 2006). Generally wet systems consume more water than 

dry systems. It is possible for wet systems to greatly reduce consumption by re-circulating 

treated effluent as a feed for scrubbing water, but this can only be performed to a certain 

degree as salt can build up in the re-circulated water (EC 2006). 

 Economic Assessment 

Incinerating COS can be associated with a considerable capital and operational 

expenditure due to the large scale equipment and consumables used, and other operating 

costs. Land cost and the capital investment for the entire establishment were not included 

in the analysis. Nonetheless, the equipment capital and operating costs were estimated, 

as well as the costs for consumables (e.g. diesel fuel, auxiliary fuel, chemicals and other 

additives), utilities and labour costs. The renewable energy generated is assumed to be 

exported to the grid, generating a revenue for the facility operator, which was also 

included in the analysis.  

For the collection and transportation of COS to the incineration facility, it was assumed 

that a truck with a loading capacity of 26 tonnes is used, manned with two workers and 

travelling a distance of 60 miles per round. The truck was assumed to have a lifetime of 6 

years. The operating staff was assumed to get an average working wage of £20,000 per 

year. The labour costs at the incineration facility were adopted as an aggregated figure 

from relevant studies. Detailed description of the economic analysis is presented in 

Appendix B (Scenario 2 section). 

It should be noted that the collection and transport of green waste and the composting 

process (excl. COS stockpiling) continue to constitute parts of the system, and for a holistic 

economic appraisal these are also presented in Table 4-7.  
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Table 4-7 Economic assessment of COS incineration 

Processes 

Cons. 

cost 

(£/yr) 

Labour 

cost 

(£/yr) 

Utility 

costs 

(£/yr) 

Gate fees 

(£/yr) 

Capital 

cost 

(£/yr) 

Maint. 

cost 

(£/yr) 

Revenue 

(£/yr) 

Collection and 

transport 
25,606 160,000 - 1,840,535 520,000 - - 

Composting 295,937 166,049 3,840 - 1,543,006 196,994 - 

COS production 6,713 166,049 173 - 649,849 40,587 - 

Landfilling other 

materials 
58 40,000 - 293,364 130,000 - - 

COS transport to 

incinerator 
12,003 40,000 - 1,117,226 130,000 - - 

COS incineration 784,718 107,684 18,984 - 3,795,877 148,066 -41,102 

TOTAL 329,296 698,148 4,014 2,133,899 3,465,871 303,279  

 

The capital cost of incineration facility is estimated solely on the basis of equipment 

purchase costs; yet large capital cost expenditure is expected to commission an 

incineration facility which has not been included in the study. Planning and operation 

permits, as well as environmental taxes are also excluded from the analysis and as such 

realistic conclusions are difficult to be made, in regards to the economic viability of the 

system. Retaining a simplistic perspective over the economic assessment of the system it 

can be suggested that, although COS combustion is a considerable management option 

given the positive energy output and revenue generated therefrom, from an economic 

point of view this contributes little on cost savings, even on a 25-year horizon shown in 

Figure 4-6. 
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Figure 4-6 Economic assessment of the COS incineration scenario over a 25-year horizon 
and excluding gate fees 

 

A comparison between the stockpiling and incineration options demonstrates clearly that 

incineration is an expensive process. What is unclear in this analysis, is the profit that both 

operations generate for the selling of their products.  

 

 

Figure 4-7 Cost comparison between COS stockpiling and incineration (incl. transport) 
over a 25-year lifetime  
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If we are to include the gate fees at the incineration facility as a profit avenue for the 

incineration operators in the 25-year lifetime period, assuming that rates remain the same 

as present values, then the balance could be shifted on incinerations benefit, as shown in 

Figure 4-8. However, such conclusions should be made with caution as a number of 

important economic metrics, are left unaccounted of. 

 

 

Figure 4-8 Cost comparison between COS stockpiling and incineration (incl. transport) 
over a 25-year lifetime including gate fees as a source of revenue to incineration plants 

 

 Social and technical assessments 

The main social concern regarding COS incineration are related to amenity issues (odour, 

dust, noise, traffic, litter etc.) and health concerns, as explained in a Defra report on 

thermal treatment processes (Defra 2013). The emissions of persistent organic 

compounds, specifically polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated 

dibenzofurans (PCDFs), and polychlorinated biphenils (PCBs) are particularly important. 

PCDDs and PCDFs are generated by the incomplete combustion of COS and are quite 

resistant to biodegradation, meaning they may accumulate in food (dairy products, eggs, 

fish, animal fat), and many are considered to be toxic (Tavares, Zsigraiová et al. 2011). If 

the facilities are equipped with the most advanced pollution abatement technologies, 

such emissions are reported to be significantly reduced (Giusti 2009). 
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In spite of being equipped with advanced technologies to comply with the stringent 

requirements of the WID, incinerators are still perceived as great pollutant sources. 

Therefore, occasionally incineration faces public opposition and is not considered to be a 

widely accepted because it is associated with historical air pollution issues (Tavares, 

Zsigraiová et al. 2011, Defra 2013, Defra 2013, Defra 2013). It is reported that even when 

the installation complies with the regulated in-stack emission limits, a broader and more 

integrated perspective of its impact in the surrounding environment is required as its 

environmental performance strongly depends on local atmospheric conditions and terrain 

morphology. This is because the magnitude of the impact on the adjacent or more distant 

environment is directly dependent on atmospheric conditions for dispersion (Tavares, 

Zsigraiová et al. 2011).  

In regards to technical aspects the transmission of the produced electricity to the grid is 

an issue that has to be explored. The technicalities of doing so in an efficient way are 

important to maximising the value outputs of the resource. Another important 

technological aspect associated with incineration is the flue gas production, use and 

release. The composition of flue gas in pollutants, depends on the combustion of waste. 

As such, minimum combustion temperature of 850°C and residence time of 2 seconds is 

usually employed in the incineration chamber to ensure complete combustion of waste 

(Defra 2013). The composition of COS can have a number of implications on the efficiency 

of the flue gas cleaning equipment and this should be constantly monitored to ensure 

proper performance. 

4.4.3 Scenario 3: Gasification of COS 

Another option for COS management considered in this study is gasification. Gasification 

is a technology used for the thermochemical processing of a solid or liquid carbon-based 

feedstock into a combustible gaseous products (also known as syngas) that is used for the 

production of electricity, steam, hydrogen, transportation fuels, and chemicals (Stiegel 

and Maxwell 2001), by the supply of a gasification agent (Belgiorno, De Feo et al. 2003). 

Herein we consider the production of electricity only. 

A material flow diagram with the COS mass input in the gasification process is illustrated 

in Figure 4-9. The process outputs are syngas7 that is used to produce electricity, and 

bottom ash. Unlike that of combustion processes, the bottom ash from the gasification 

process (often regardless of the technology used) has been shown to be non-hazardous. 

The material can be disposed of to landfill; can be used in construction materials; or it can 

be further processed to produce value-added products, leading to a zero-discharge plant 

(Stiegel and Maxwell 2001). 

                                                      
7 Syngas mainly contains hydrogen and carbon monoxide, which can be used to produce energy or a range 
of chemicals, including liquid and gaseous transport fuels 
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The methodology used to estimate the mass balance of the gasification system was the 

one proposed in the study of (Faaij, van Ree et al. 1997) a detailed description of which 

can be found in Appendix B. 

 

 

Figure 4-9 Processing of oversize materials in a gasification facility 

 

 Environmental Assessment 

Environmental impacts from the gasification of COS are mainly attributed to the 

acidification potential of the gasification process, and the direct and indirect carbon 

emissions from COS transport to gasification facility and from electricity use.  

The gas products from the gasifier are more amenable to cleaning to reduce ultimate 

emissions of sulphur and nitrogen oxides, as well as other pollutants than those from 

combustion processes. In general, the volume of the fuel gas processed for contaminant 

removal is typically one-third that from a conventional power plant. Processing lower 

volumes of gas translates to lower capital cost for pollution prevention.  

The removal of sulphur, nitrogen, and other contaminants from the reducing gas is also 

much easier than from combustion products. This results in sulphur and nitrogen oxide 

emissions being more than an order of magnitude less than those of conventional 

combustion processes. Gasification plants can also be configured to reach near-zero levels 

of emissions when required (Stiegel and Maxwell 2001). 

Regardless of the gasifier technology, there are always elements present in biomass 

feedstocks, such as sulphur (S) and chloride (Cl), which produce gases that need to be 

removed after gasification (E4tech 2009).



 

Table 4-8 Environmental assessment of COS gasification 

Processes 

Total GHG 

emission 

(tCO2-eq/yr) 

Diesel 

consumption 

(l/yr) 

Electricity 

consumption 

(kWh/yr) 

Acidification 

potential 

(tSO2-eq/yr) 

Net renewable 

energy 

generated 

(kWh/yr) 

Water 

consumption 

(l/yr) 

Other 

consumables 

(t/yr) 

Avoided GHG 

emissions 

(t/yr) 

Collection and 

transport 
56.74 21234.24 - - - - - - 

Composting 12070.38 245407.62 47055.72 - - - - - 

COS production 15.62 5567.09 2122.95 - - - - - 

Landfilling other 

materials 
0.13 47.72  - - - - - 

COS transport to 

gasifier 
26.60 9953.55 - - - - - - 

COS gasification 848.80 - 2338741.41 16.59 8016440.69 3876640.15 379.99 2818.26 

Total 12991.67 282210.23 2387920.08 16.59 8016440.69 3876640.15 379.99 2818.26 

Total over 25-year 

lifetime 
324791.78 7055255.68 59698001.92 414.63 200411017.13 96916003.69 9499.79 70456.50 

 

A detailed description of how the above figures were analysed is presented in Appendix B (Scenario 3 Sub-section).
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The main benefit of gasification is its potential to generate renewable energy, and displacing 

the energy generated from fossil fuels and associated emissions. From our analysis it is 

estimated that approximately 8016 MWh of net renewable energy is generated each year, 

leading to 200 TWh renewable energy generated over a 25-year lifetime. This renewable 

energy generation can offset a little over 70 kt of CO2 eq. per year.  

Similar to incineration, gasification can also be demanding in other resource consumption. It 

is estimated that 4 Ml of water are consumed each year. The main consumption of water in 

COS gasification plants is for syngas cleaning and cooling. This leads to the generation of 

wastewater by the gas cooler and wet scrubber containing many soluble and insoluble 

pollutants, such as acetic acid, sulphur, phenols and other oxygenated organic compounds 

(Belgiorno, De Feo et al. 2003).  

 Economic Assessment 

The gasification of COS comes with a considerable capital and operational expenditure due to 

the large scale equipment used, the consumables and other operating costs. Land cost and 

the capital investment for the entire commercial establishment were not included in the 

analysis. Nonetheless, the equipment’s capital and operating costs were estimated, as well as 

the costs for consumables (e.g. diesel fuel, auxiliary fuel, chemicals and other additives), 

utilities and labour costs. The renewable energy generated is assumed to be exported to the 

grid, generating a revenue for the facility operator.  

Costs associated with the collection and transport of COS to the gasification facility were 

estimated based on the same rationale followed in Scenario 2 on COS incineration. One truck 

was assumed to be used with a loading capacity of 26 t, manned with two workers, and a 

travelling distance of 60 miles per round. The truck was assumed to have a lifetime of 6 years. 

The operating staff was assumed to get an average working wage of £20,000 per year. The 

labour costs at the gasification facility were adopted as an aggregated figure from relevant 

studies. Detailed description of the economic analysis is presented in Appendix B (Scenario 3 

section). 

It should be noted that the collection and transport of green waste and the composting 

process (excl. COS stockpiling) continue to constitute parts of the system, and for a holistic 

economic appraisal these are also presented in Table 4-9.  

Table 4-9 Economic assessment of COS gasification 

Processes 

Cons. 

cost 

(£/yr) 

Labour 

cost 

(£/yr) 

Utility 

costs 

(£/yr) 

Gate fees 

(£/yr) 

Capital 

cost 

(£/yr) 

Maint. 

cost 

(£/yr) 

Revenue 

(£/yr) 

Collection and 

transport 
25,606 160,000 - 1,840,535 520,000 - - 
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Composting 295,937 166,049 3,840 - 1,543,006 196,994 - 

COS production 6,713 166,049 173 - 649,849 40,587 - 

Landfilling other 

materials 
58 40,000 - 293,364 130,000 - - 

COS transport to 

gasifier 
12,003 40,000 - 1,117,226 130,000 - - 

COS gasification 4,770,619 13,376 195,993 - 4,299,492 126,372 654,141 

TOTAL 5,110,936 585,475 200,006 3,251,126 7,272,346 363,952 654,141 

 

The capital cost of a gasification facility is estimated based only on the equipment purchase 

costs. Like in the case of incineration we acknowledge that a large capital investment cost will 

need to be incurred for the construction and operation of such a facility. Planning and 

operation permits, as well as environmental taxes are also not included in the analysis and as 

such realistic conclusions are difficult to be made regarding the economic viability of the 

system. Although COS combustion is a considered to be a viable management option given 

the positive energy output and revenue generated, from an economic point of view it 

contributes little on cost savings, even on a 25-year horizon (Figure 4-10). 

 

 

Figure 4-10 Economic assessment of the COS gasification scenario over a 25-year horizon 
and excluding gate fees 
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A comparison between the stockpiling and gasification options demonstrates clearly that 

gasification is four orders of magnitude more expensive than stockpiling. Nonetheless, the 

gasification option, has many benefits to offer over COS stockpiling. Even though the cost 

revenue from renewable energy generation does not seem to contribute to the cost reduction 

- profits made by this option, the incomplete analysis on that respect does not allow safe 

conclusions to be made. 

 

 

Figure 4-11 Cost comparison between COS stockpiling and gasification (incl. transport) over 
a 25-year lifetime 

 

The above figure clearly shows that advanced technologies, like gasification can require large 

capital investment and operational expenditure. However, although not clearly presented in 

this study, this technology has the potential to be configured in such a way as to economically 

produce hydrogen, while at the same time concentrate CO2 to more readily sequester or use 

it (E4tech 2009).  

For example, assessment of the minimum amount of syngas throughput that is needed to 

make gasification economically viable, help to determine which types of gasifier might be 

most suitable (E4tech 2009). Demonstrating such advantages can support the 

commercialization of this technology, and potentially reduce the technical and economic risks 

to levels acceptable to industry and financial institutions (E4tech 2009). 
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The flexibility to produce several outputs with economic value such as hydrogen, sulphur, 

sulfuric acid, and ammonia is one of the most important technical benefits of the gasification 

process. However, these outputs can only de derived after syngas cleaning and separation, 

which necessitates the deployment of the appropriate technologies that may not generate 

the competitive edge required given the uncertainty of the market prices of these products 

(Abadie and Chamorro 2009).  

The operating conditions of the gasification process can play an important role during biomass 

gasification in all respects, such as carbon conversion, product gas composition, tar formation 

and tar reduction. The most important influencing parameters include temperature, pressure, 

gasifying medium, catalyst and additives (explained in the next section), equivalence ratio 

(ER), residence time, etc. The selection of these parameters also depends on the type of 

gasifier used (Devi, Ptasinski et al. 2003).  

Tar formation is one of the major problems to deal with during biomass gasification. Tar 

condenses at reduced temperature, thus blocking and fouling process equipment, such as 

engines and turbines. Considerable efforts have been directed on tar removal from fuel gas 

(Devi, Ptasinski et al. 2003). The gasifier can be optimized to produce a fuel gas with minimum 

tar concentration, and methods are suggested in the literature (Devi, Ptasinski et al. 2003). 

4.4.4 Comparative assessment between the three scenarios 

In the environmental domain, taking into account the 25-year period of COS management 

facilities and the metrics selected for the assessment, it is shown that COS gasification 

consumes the highest amount of energy but is also generates an even higher amount of 

renewable energy. The surplus energy generated from COS gasification can lead to 

considerable savings in GHG emissions (Figure 4-12).  
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Figure 4-12 Environmental performance of each COS management scenario   

 

While combustion of COS, represented by Scenario 2, is considered to be the most direct and 

technically easiest process of recovering energy, its overall efficiency is low. Gasification 

however, can use COS (which is a low-value feedstock) and convert it into electricity, with a 

high efficiency rate. In the upcoming years, it will serve as a major technology for 

complementing the energy needs of the world (Stiegel and Maxwell 2001, Kumar, Jones et al. 

2009). 

Nevertheless, the energy generated by COS incineration balances to some extend the amount 

of energy consumed, making it slightly better than Scenario 1, in which COS is stockpiled. In 

addition, COS incineration contributes highly to GHG emissions and this is clearly illustrated 

in Figure 4-13, which depicts the contribution of each scenario to each metric.  

As shown in Figure 4-13, COS gasification can serve as a key technology in the efforts to 

control GHG emissions while constituting an important technology in the transition to a low-

carbon based economy.  

Stockpiling (Scenario 1) does not contribute much on environmental impacts. However, as 

opposed to other options it does contribute to any savings, either on energy generation or 

GHG emissions. On the contrary, its GHG emission potential is shown to be higher than that 

of gasification.  
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Figure 4-13 Net environmental performance of each COS management scenario 

 

Despite its environmental benefits, COS gasification is shown in Figure 4-14 to be the option 

with the highest costs in three out of the six main economic metrics, excluding gate fees. 

Gasification is an expensive option to run, but its equipment costs is lower than that of 

incineration (Figure 4-14). Incineration is also shown to contribute highly on the consumables 

used, and this is because of the need to ensure proper process performance and gas cleaning.  

Stockpiling is shown to be the least economic intensive process of all.  
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Figure 4-14 Economic performance of each COS management scenario 

 

It must be emphasised that the costs of labour, capital, consumables, utilities, maintenance 

and potential revenues etc. can be particularly sensitive to the volatility of commodities prices 

and working wages; and these fluctuations were not taken into account over the 25-year 

assessment presented in this study and particularly in Figure 4-14. It must also be noted that 

there could be economies of scale when building bigger gasification plants, which must be 

weighed against inputs-outputs and the value of modularity.   
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5 POLICY AND REGULATORY ANALYSIS 

5.1 PROBLEM DESCRIPTION 

This section is based on interviews with key informants from the composting industry.  

The management of COS is an increasingly urgent issue for operators and the whole sector 

including its regulators. With Landfill Tax going up, disposal of COS to landfill has become 

commercially unattractive. While this should be a positive driver to reduce the emergence of 

COS in the first place, capacity to capitalise on this opportunity is not available within the 

sector. It is believed that austerity measures impacting on local councils have had the dual 

effect of a) limited money available for waste management contracts and b) less funding 

directed to education and enforcement associated with waste collections from householders 

with increased contamination as a result.  

Contractually the compost operators should refuse green wastes with contamination levels 

exceeding agreed levels, however, in practice this is believed to result in loss of contracts. 

With cash flows already squeezed due to the austerity measures, losing a contract is likely to 

lead to bankruptcy and the industrial context is indeed considered ‘volatile’ with companies 

closing down. Pressure on individual people is known to be high, both in companies and the 

regulator, making it difficult to do the right thing while battling with relatively high sick leave, 

burn-out, staff turnaround etc. Many compost operators accept highly contaminated waste 

loads and need to deal with these materials further downstream.  

Downstream solutions are few and far between and thus COS is usually stored on-site. 

Storage capacity is constrained by available space and the limits in environmental permits. As 

storage sites started to fill up, fires became a growing issue. Evidence for the cause of such 

fires is difficult to find and one must accept that it is possible such fires are not accidental: a) 

From the use of COS in incinerators it is known that the calorific value is low, b) Conversations 

in the field suggest it is difficult to set COS on fire, c) Many of these fires appear to start at 

night in the weekend and at peak times for fire wardens such as bonfire night. Regardless of 

whether COS fires are just a convenient way to create space at composting facilities or 

whether they are truly accidental, fire prevention regulations were strengthened to bring a 

halt to this issue. New limits to storage were introduced and the increased fire prevention 

activities increased the operational costs. Pressure to find solutions grew.  

Opportunities for ‘creative’ solutions include co-location of COS storage with RHI supported 

facilities to burn biomass – the use of COS in these facilities is generally not allowed but 

difficult to check. COS may also be combusted in other, non-WID compliant facilities. Illegal 

transportation, helped by reduced capacity of the regulator to carry out road checks, to 

concentrate COS on one site which may then be disaster struck or sold with a loss (due to the 

liability for the COS management lowering the price), nevertheless increasing the value of the 

remaining sites under the management of an operator. Alternatively, COS is sometimes 
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spread to land as mulch under PAS 100, although it may not actually be mulch (depending on 

its characteristics) and hence this often classed as inappropriate use. Within the fully legal 

solutions, combustion at WID certified facilities is attempted. However, implementation of 

the WID and the Industrial Emissions Directive appears to be inconsistent and not transparent 

in England (this in addition to the operational challenges of burning COS without damaging 

combustion facilities). In sum, composting and COS management is embedded in a complex 

policy and regulatory landscape which must change to move forward.   

5.2 POLICIES AND REGULATIONS 

The policy and regulatory context for composting and the management of COS in England is 

complex. Waste regulation in England is based on EU directives, most importantly the revised 

Waste Framework Directive 2008/98/EC and the Waste Incineration Directive 2000/76/EC 

that is now replaced by Industrial Emissions Directive 2010/75/EC. EU directives are 

implemented in the UK via a devolved governance system for waste management. In England, 

an initial search returned more than 150 policies and regulations that apply to composting – 

the complete regulatory landscape including waste collections, transport, sorting, pre-

treatment, recycling, incineration and landfilling includes hundreds of policies and regulations 

that continuously evolve. These regulations are accompanied by hundreds more practice 

notes, standards and other types of guidelines. This gives an indication of the complexity of 

the governance system within which the issue of COS needs to be solved.  

Rather than listing each policy and regulation separately, here we discuss the areas of policy 

and regulation that apply. For composting alone, main areas include environmental 

protection, environmental permitting, and health and safety covering subjects such as fire 

prevention, noise, biodiversity, air quality, contaminated land, groundwater, trade effluents, 

oil storage, asbestos, fire prevention, personal protective equipment, and reporting of 

injuries, diseases and dangerous occurrences. General regulations associated with employing 

people apply. Composting facilities need to adhere to a variety of water-related regulations. 

Additionally, regulations on nitrate management also count for composting facilities, as well 

as rules regarding nature protection and general countryside management. Town and country 

planning is important for these facilities, as are a broad range of climate change related 

regulations including on energy efficiency and reducing carbon emissions. Last but not least, 

waste regulations are of key importance including the list of waste regulation, pollution 

prevention and control, producer responsibility, animal by-product regulations, hazardous 

waste, control of substances hazardous to health, and end-of-life vehicles. For incineration, 

this list needs to be extended with regulations on carriage of dangerous goods, chemicals, 

grading of wood, and the WID/ IED. For landfill, various landfill regulations would need to be 

added to this list as well as the management of landfill gas, aggregates levy, and more nature 

conservation and water regulations; however, COS is not often disposed of to landfill.  
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In addition to the core areas of policy and regulation associated with the management of a 

composting facility, the supply chain is influenced upstream by the waste management 

practices contracted out by local authorities. Moreover, various incentive mechanisms for 

renewable power and heat can influence on the value recovery from COS. Finally, investment 

in research and innovation impacts on the development of new technological and managerial 

solutions.  

To narrow down the area where solutions for the management of COS may be found, we 

analyse which ones were brought forward in the CVORR analysis, expert interviews, and an 

expert session on end-of-waste co-organised by the RRfW programme (Velenturf, Tompkins 

et al. 2018). The CVORR analysis (Chapter 4) mentioned the responsibility of local authorities 

and householders and a number of policies and regulations: 

 Revised Waste Framework Directive 

 Environmental Permitting Regulations 

 End-of-Waste procedures including BSI PAS 100 and the associated Quality Protocol 

 Waste Incineration Directive 

 Exemption regulations to use waste for specific applications 

 Reduced waste regulations under specific circumstances 

 Waste Management Strategy (England) 2013 

 Landfill Tax 

 Odour management 

 Health and Safety regulations related to fire prevention as well as the use of shredders 

and personal protective equipment 

Experts working on biowaste, composting and/or COS management mentioned that: 

 Trans-frontier shipments of waste regulations may not be as relevant for the 

movement of COS. The material is expensive to move, has a low calorific value and is 

unattractive for combustion purposes. None of the experts heard any indication of 

COS being exported legally or illegally.  

 The quality of green waste varies between local authorities, and this variation is 

reflected in the quality of COS. 

 Need to distinguish COS from open wind row- and in-vessel composting which have 

different input materials. COS from OAW tends to be cleaner.  

 Operators need to do more quality checks upon receiving green waste and reject loads 

if standards are not met. 

 The EA has a limited enforcement capacity but needs to do more, specifically in terms 

of clarifying the amount of cleaning of the COS that is needed and when the material 

can get an end-of-waste status.  

 There is no central guidance on implementing the IED and the EA may be 

implementing this on a case-by-case basis.  
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 More WID facilities are expected to be commissioned in the near future but this does 

not solve the issue at its source and operational challenges of COS combustion remain; 

including high variation in input loads, too large particle size, lack of uniformity, 

presence of contaminants and pollutants such as heavy metals and paint residues, and 

high mineral fraction such as grid and stones in addition to the low calorific value. 

After combustion, the challenge remains to valorise or dispose of ash. 

 If gasification was to be included in the Contracts for Difference, then this may be an 

option for the processing of COS.  

 Innovation is needed to develop new technologies to increase the quality of COS and 

the value of its applications.  

Initial findings were presented at a session on end-of-waste procedures at the European 

Biosolids and Organic Resources conference in November 2017 in Leeds. This session brought 

together operators, consultants, regulators and legal experts working on biowaste including 

the composting sector. An extensive discussion was held on the procedures through which 

end-of-waste could be achieved (proceedings can be found in Velenturf et al. 2018). Criteria 

to pass the end-of-waste test are: 

 Distinct product (different from original waste) – assessment of sufficient processing 
of a waste to become a product is subjective but likely to require chemical 
transformation.   

 Clear and demonstrable market, need to put effort into developing the market as 
part of achieving end-of-waste. This to prevent the risk large-scale storage of a 
“product” in case it does not sell.  

 Can be used in same way as non-waste, assessed with comparator material – for COS 
this may be virgin wood.  

 Stored and used with no worse environmental effects than material it replaces.  

 This test can be carried out in three ways:  

1. Definition of waste panel opinion, panel suspended in 2016 and expected to reopen 

but with a charge for use of its services. 

2. Online tool “Is It a Waste?” 

3. Self-determination, this option is more risky.  

The initial results from the project discussed in this report were presented. Discussion 

indicated that COS is unlikely to get end-of-waste status without significant further 

processing. There was also consensus that none of the available technologies, including the 

ones that are arguably about to reach commercial scale such as gasification and pyrolysis, are 

suitable. Instead, it was suggested that the composting sector needs to take up digital 

innovations to monitor waste quality, be stricter about enforcing quality characteristics set-

out in contractual agreements, and use advanced sensor technologies as part of further 

innovations to increase the quality of output materials; all of this following the example of 

the wastewater treatment sector which was in a similar position various years ago. For the 
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current COS, suggestion was to process it to meet SRF standards to increase its value for usage 

downstream.  

The findings above suggest that most of the required changes are operational in nature rather 

than requiring a change in a policy and regulation per se. The implementation of policies and 

regulations by the EA and local authorities must change, while new solutions need to be 

developed through research and innovation in combination with market development for 

products made from COS.  

5.3 RECOMMENDATIONS FOR CHANGE IN GOVERNANCE, PRACTICE AND REGULATION 

Based on the assessment in Section 5.2, recommendations for governmental organisations 

are presented herein.  

 Local authorities and the Ministry of Housing, Communities and Local Governments 

 Direct more funding towards local authorities to pay for higher quality waste 

management. This will help prevent local pollution and create new jobs.  

 Work with compost operators to solve the issue in case contamination in the green 

waste exceeds the agreed limit. For example, help the operator cover the extra 

cost and/or consider shared investment in a facility to clean up the higher amounts 

of COS if contamination is a recurring issue.  

 MHCLG needs to work with the relevant organisations in the Home Office to 

ensure compost operators can fulfil the full extent of their contracts including 

fining local authorities that fail to meet their contractual obligations and cause 

bankruptcies in a vital part of the waste management industry.  

 Local authorities need to review and increase their efforts to promote recycling 

behaviour in collaboration with MHCLG. Such measures should include education, 

consistency across councils in waste collection schemes, and polluter pays 

constructs. 

 Environment Agency and Department for Environment, Food and Rural Affairs 

 The EA needs more funding to increase enforcement and prevent dissipation of 

economic, social, environmental and technical value into waste. More 

enforcement is needed particularly in road checks to capture illegal waste 

transport and to check the inputs and outputs from composting sites.  

 The EA and Defra need to work with industry to develop a solution for the large 

amounts of stockpiled COS and new solutions to improve the way this waste 

stream is handled in the future. For example, to assess new treatments of COS 

proactively in collaboration.  

 Reopen the definition of waste panel and work with the sector to clarify whether 

a new end-of-waste status is needed for COS and/or with which processing steps 

COS could meet the existing standard for SRF.  
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 The EA and Defra need to prepare central guidance for clarifying how to 

implement the IED and the WID for as far as they are still applicable.  

 

 UK Research and Innovation 

 Fund a comprehensive science-based research programme to develop new 

solutions for the management of COS including the use of digital technologies and 

new higher value applications from COS.  

 Fund industry-led projects to implement the innovations in the composting sector 

to promote clean growth, create new jobs and increase resource productivity 

whilst reducing environmental pollution.  
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6 CONCLUSIONS 

At present, COS generated in composting facilities treating green waste is generally stockpiled 

on-site. While this option is perceived to have low economic, social and environmental costs, 

the challenges of storing this material in the long-term are many and varied. Land and 

associated environmental permits are required for COS storage, combustion risks need to be 

averted, nuisance control measures need to be put in place, while a valuable resource is left 

unrecovered. This also leads to the potential expansion of illegal practices when storage sites 

start to fill up and pressures to finding new solutions grow, leading to a range of negative 

environment, social, technical impacts. 

Incineration and gasification options were assessed on their potential to maximise recovery 

of COS value. Gasification was shown to be a better performing technology for the 

management of COS, from an environmental and social perspective, compared to incineration 

and stockpiling.  Nonetheless, it was also shown that gasification necessitates a high capital 

investment and rates of return, which are associated with a high risk, and difficulty in realising 

long-term benefits. With COS being highly contaminated due to the introduction of other 

materials in the green waste stream, it is unclear whether gasification can really be a 

sustainable technology used in the future for COS management.  

Reduction of COS contamination is crucial for attaining the quality status it needs for its 

acceptance as a feedstock to thermal treatment processes for the recovery of its calorific 

value. Removing contaminants from mixed waste in order to get a cleaner COS, via pre-

treatment at composting facilities after collection and prior to composting, or via pre-

treatment after composting, require a high investment cost with assuring that quality levels 

will be high as small fragments may find their way into COS. Centralized sorting before 

composting becomes increasingly difficult and less effective too with the increase in 

separation cost. Moreover, some liquid contaminants, fine dust or paint chips containing 

heavy metals and/or toxic chemicals can attach to the otherwise clean organic wastes during 

collection and storage. 

Source separation, on the other hand, provides a higher quality COS with significantly lower 

contaminant levels than centralized sorting and after-composting screening. This takes us 

back to the disposal and collection of green waste, and transportation to composting facilities. 

Effective source separation has the potential to increase the quality of COS production at the 

composting facilities and subsequently facilitate recovery of this valuable resource. This 

needs the cooperation of a well-motivated public that is informed and educated on these 

issues via educational programs, environmental awareness raising campaigns and mass 

media.  

On that end, consistency across councils in waste collection schemes, road checks to capture 

illegal waste transport, monitoring measures to check the inputs and outputs from 

composting sites, accepted contamination levels at composting sites entrance, and end-of-
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waste criteria simplifications are also needed. This calls for the harmonisation of policies, 

regulations and standards in order to facilitate waste management with a focus on resource 

recovery from waste. Finally, research and innovation are instrumental in uncovering the 

optimal way of COS management, and can help the composting sector in the UK gain a 

competitive edge on recovering value from this type of waste.  
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APPENDIX A 

Proximate Analysis of Compost Oversize Materials  

The compositional analysis presented in Tables A1-A5, were adopted from Asplin, S. (2017). 

In this research project it was attempted to identify the degree of contamination of COS by 

plastic components, in order to enable its characterisation for use in pyrolysis systems.   

Table A-1 Composition analysis of COS sample A 

Material 

Fraction 

Mass 

(g) 

% mass in 

overall 

sample 

% moisture 

content(by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content % 

Plastics 92.96 13.14 0.00 0.00 33959.60 0.00 

Stone 131.07 18.52 0.00 0.00 0.00 0.00 

Paper 0.00 0.00 0.00 0.00 0.00 0.00 

Metal 17.25 2.44 0.00 0.00 1953.84 0.00 

Other 3.70 0.52 0.00 0.00 0.00 0.00 

Small Fines 188.01 26.57 59.25 58.68 10740.00 43.60 

Little Twigs 117.00 16.53 61.70 58.30 16900.00 11.43 

Compacted 

Compost 
53.86 7.61 32.62 31.96 3348.00 48.87 

Big Twigs 103.83 14.67 57.88 68.61 17355.00 6.95 

Leaves 0.00 0.00 0.00 0.00 0.00 0.00 

Total 707.68      

 

Table A-2 Composition analysis of COS sample B 

Material 

Fraction 
Mass (g) 

% mass in 

overall 

sample 

% moisture 

content(by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content % 

Plastics 143.63 20.28 0.00 0.00 33960.00 0.00 

Stone 0.00 0.00 0.00 0.00 0.00 0.00 

Paper 89.10 12.58 0.00 0.00 17677.60 15.00 

Metal 0.00 0.00 0.00 0.00 0.00 0.00 

Other 37.35 5.27 0.00 0.00 0.00 0.00 
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Small Fines 58.92 8.32 48.67 49.96 10860.00 25.62 

Little Twigs 220.01 31.06 65.97 55.70 17157.00 7.75 

Compacted 

Compost 
0.00 0.00 0.00 0.00 0.00 0.00 

Big Twigs 159.39 22.50 57.98 53.12 18970.00 4.15 

Leaves 0.00 0.00 0.00 0.00 0.00 0.00 

Total 708.40      

 

Table A-3 Composition analysis of COS sample C 

Material 

Fraction 
Mass (g) 

% mass in 

overall 

sample 

% moisture 

content(by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content % 

Plastics 111.80 22.38 0.00 0.00 33960.00 0.00 

Stone 0.00 0.00 0.00 0.00 0.00 0.00 

Paper 0.00 0.00 0.00 0.00 0.00 0.00 

Metal 0.00 0.00 0.00 0.00 0.00 0.00 

Other 8.72 1.75 0.00 0.00 0.00 0.00 

Small Fines 47.31 9.47 53.24 53.58 10587.00 26.17 

Little Twigs 194.20 38.88 56.10 55.69 16237.00 10.33 

Compacted 

Compost 
22.76 4.56 23.55 41.84 15058.00 26.15 

Big Twigs 114.73 22.97 47.73 52.92 18284.00 4.60 

Leaves 0.00 0.00 0.00 0.00 0.00 0.00 

Total 499.52      

 

Table A-4 Composition analysis of COS sample D 

Material 

Fraction 
Mass (g) 

% mass in 

overall 

sample 

% moisture 

content(by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content % 

Plastics 0.00 0.00 0.00 0.00 33960.00 0.00 

Stone 0.00 0.00 0.00 0.00 0.00 0.00 

Paper 0.00 0.00 0.00 0.00 0.00 0.00 



 

 

67 

67 

Metal 0.00 0.00 0.00 0.00 0.00 0.00 

Other 29.40 3.69 0.00 0.00 0.00 0.00 

Small Fines 445.79 55.99 59.40 58.58 15380.00 20.88 

Little Twigs 93.88 11.79 61.73 58.29 18238.00 7.27 

Compacted 

Compost 
67.04 8.42 35.63 39.69 4886.00 30.23 

Big Twigs 54.27 6.82 51.07 51.45 18784.00 1.84 

Leaves 105.82 13.29 60.79 51.51 15762.00 14.32 

Total 796.23      

  

Table A-5 Composition analysis of COS sample E 

Material 

Fraction 

Mass 

(g) 

% (by mass 

in overall 

sample) 

% moisture 

content (by 

oven) 

% moisture 

content (by 

meter) 

Higher 

Heating 

Value (J/g) 

Ash 

Content % 

Plastics 0.00 0.00 0.00 0.00 33960.00 0.00 

Stone 0.00 0.00 0.00 0.00 0.00 0.00 

Paper 0.00 0.00 0.00 0.00 0.00 0.00 

Metal 0.00 0.00 0.00 0.00 0.00 0.00 

Other 55.33 6.18 0.00 0.00 0.00 0.00 

Small Fines 495.77 55.35 58.38 59.86 12415.00 19.52 

Little Twigs 87.82 9.80 61.25 57.92 18459.00 5.89 

Compacted 

Compost 
62.18 6.94 63.21 53.76 10870.00 28.17 

Big Twigs 51.74 5.78 67.17 56.61 18704.00 2.80 

Leaves 142.83 15.95 59.57 60.40 15195.00 23.67 

Total 895.67      
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APPENDIX B 

Developing the MFA of the composting process 

Due to limited availability of data, the material flows shown in Figure 4-2 were established 

based on a set of s coefficients for each process (except wind sifter), deduced from the 

published literature (Andersen, Boldrin et al. 2010) and presented in Table 4-3. It was 

assumed that the wind sifter has a separation efficiency of 95% (Komptech 2018). For COS 

storage capacity, it was assumed that Storage A has a capacity of 10% while Storages B-F have 

capacities of 85%. Storage capacity of 100% in the present context means all input is stored 

and no materials are taken from the storage and therefore, 

OUT = IN × (1 – storage capacity/100) 

The storage capacities are hypothetical values and are manipulated to match as close as 

possible the actual data of the OAW composting facility that was used as a case study (i.e. 

production of compost). The piles in the OAW composting facility need to be irrigated with 

water and as such, 0.18 tonnes of water per tonne of green waste (Cadena, Colón et al. 2009, 

Levis and Barlaz 2013, Waste Control 2018) was assumed in this case. 

Table B-1 Transfer coefficient for estimating material flows in Figure 4-2 

Process block Output flow Transfer coefficient 

Shredding (1) After shredding (1) 0.958 

 Loss from shredding (1) 0.042 

Active composting  After composting 0.350 

 Loss from composting 0.650 

Screening (1) Compost (1) 0.800 

 Oversize (1) 0.100 

Screening (2) Oversize (2) 0.100 

 Compost (2) 0.050 

 Oversize (3) 0.950 

Screening (3) Compost (3) 0.050 

 Oversize (4) 0.950 

Shredding (2) After shredding (2) 0.958 

 Loss from shredding (2) 0.042 

Windsifter Plastics to landfill 0.950 
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 Heavy contaminants 0.025 

 Wood 0.025 

 

 

Valuation Assessment of Scenario 1 

 Collection and transport of green waste from households to the composting plant 

The system analysis also includes the collection and transport of garden waste from 

households to the OAW composting facility. The bases for environmental and economic 

assessments are detailed in Table B-2. The OAW composting plant is assumed to be located 

near LAs. As such using Leeds as a reference point for the analysis, and identifying the average 

distance from the composting facilities that the authority is being served by we proceeded 

with the analysis. 

Table B-2 Assumptions and data used for estimating environmental and economic impacts 
associated with the collection and transport of green waste from households to the OAW 
composting facility 

Parameter Value Unit Description Reference 

Truck loading capacity 26 t/truck Adopted WRAP, 2010 

Number of truck rounds 2 Rounds/d Assumed - 

Waste transported per 

truck per day 
52 t/truck/d Estimated 

Based on number of rounds of a 

unit of truck and loading 

capacity 

Average waste 

transported per day 
210.1 t/d Estimated 

Total green waste by 365 days a 

year 

Number of trucks 

needed to serve LA 
4 trucks Estimated 

Amount of waste transported 

per day divided by the amount 

of waste transported per truck 

per day 

Distance (single trip) 8 Miles/trip Estimated 
Approximated average distance 

from composting facilities 

Distance (round-trip) 16 Miles/trip Estimated - 

Number of refuse 

collectors per truck 
2 persons Adopted WRAP 2012 

Total number of refuse 

collectors needed 
8 persons Assumed 

Same number/set of personnel 

working in each truck for the 

entire year. 
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Based on Table B-2, the total distance that a loaded garden waste collection truck travels per 

day is 32 miles. Taking into account that 4 trucks are needed to meet the LA needs for garden 

waste collection and transport to the nearby facility, it can be assumed that 128 miles are 

travelled each day, totalling 46,720 miles per year.  

Based on a fuel consumption rate of approximately 0.46 l of diesel per mile distance (WRAP, 

2010), it is estimated that a total of 21,234 l of diesel fuel are consumed each year for the 

collection and transport of 76.7 kt of garden waste. The fuel consumption of 0.4545 l/mile 

was estimated from WRAP (2010). 

The GHG emission from collection and transport of green waste from households to the 

composting plant only involves the emissions that come from diesel use. 

Table B-3 GHGs emission from diesel use in collection and transport of green waste from 
households to the OAW composting facility 

Component 
Consumption 

(l/yr) 

GHG factor  

(kg CO2-eq/l) 

Total GHG emission 

(kg CO2-eq/yr) 

Diesel 21234.24 2.67193 56736.40 

 

The economic assessment of collection and transport of green waste from households to the 

composting plant involves capital, maintenance and fuel cost, as well as personnel costs. 

Table B-4 Capital cost associated with the collection and transport of green waste from 
households to the OAW composting facility 

Equipment 
Cost 

(£/unit) 
Number of units 

Cost  

(£) 

Truck (Refuse 

collection vehicle) 
130000 4 520000.00 

Note: Cost per unit of truck was obtained from Leeds City Council (2012) 

 

Table B-5 Fuel cost associated with the collection and transport of green waste from 
households to the OAW composting facility 

Parameter Value Unit 

Total fuel use 21234.24 l/yr 

Unit cost of fuel 1.2059 £/l 

Total cost of fuel per year 25606.37 £/yr 
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Table B-6 Personnel cost associated with the collection and transport of green waste from 
households to the OAW composting facility 

Personnel Number of personnel £/person-yr Cost per year (£/yr) 

Refuse collector 8 20000 160000 

Note: Average salary of refuse collector was taken from the National Career Service 
(https://nationalcareersservice.direct.gov.uk/job-profiles/refuse-collector) 

 

Table B-7 Maintenance cost of the truck vehicles used for the collection and transport of 
green waste from households to the OAW composting facility 

Equipment 

Replacement 

cost per unit 

(£/unit) 

Lifetime  

(yrs) 

Equipment 

replacement 

times 

Cost  

(£) 

Truck 

(Refuse collection 

vehicle) 

130000 6 4 20800000 

Note: The basis of the lifetime of the truck was taken from Leeds City Council (2012) 

 

 Composting Process and Stockpiling 

The impact characterisation factors for CO2, methane (CH4), nitrous oxide (N2O) and carbon 

monoxide (CO), were obtained from Ecoinvent database, while the GHG factors were 

obtained from the Department for Business, Energy and Industrial Strategy (BEIS) Report (BEIS 

2017).  

Table B-8 GHG emissions from the active composting of green waste  

Gaseous 

component 

t/t of green 

waste1 

Emissions 

(t/yr) 
Impact factor 

GHG emissions2 

(kg CO2-eq/yr) 

CO2 0.086 6595.3 1 6595251.4 

CH4 0.0019 145.7 25 3642726.1 

N2O 0.00005 3.8 298 1142665.7 

CO 0.00012 9.2 1.9 17485.1 

Total    11398128.2 

1Adopted from (Andersen, Boldrin et al. 2010); 2GHG emissions were estimated based on the 100 year impact 
of each gas 
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From the active composting process, a total of 11.4 kt of GHG are emitted in the atmosphere 

each year. This is primarily attributed to the high CO2 and CH4 emissions resulting from the 

degradation process. With CH4 being 25 times more potent than CO2 over 100 years period it 

means that even if its contribution to total emissions by mass is lower its effect on the global 

warming potential is significantly higher. 

In regards to fuel consumption on the OAW composting facility, it is estimated that a total of 

around 252 Ml of diesel fuel are consumed each year, contributing to 0.67 kt of GHG 

emissions, as shown in Table B-9. In the same table, there is also the GHG emissions from the 

electricity used on-site which contributes to 0.017 kt of GHG emissions per year. 

Table B-9 GHG emission from diesel use in OAW composting facility 

Component 
Consumption  

(yr) 
GHG conversion factor 

Total GHG emission 

(kg CO2-eq/yr) 

Diesel 251788.5 L 2.67193 (kg CO2-eq/l) 672761.3 

Electricity 49191.9 kWh 0.35156 (kg CO2-eq/kWh) 17293.9 

 

In the economic domain, four metrics were identified as most important including: equipment 

costs, utility costs, maintenance costs, and personnel costs. It was assumed that the contract 

duration of an OAW composting facility is 25 years, while the lifetime of the equipment used 

on-site is around 10 years. 

It was assumed that in the active composting process one shredder, two window turners and 

eight front end loaders were used; whereas in the compost and COS production one shredder, 

three screening machines and the wind sifter were used. For COS stockpiling it was assumed 

that four fond end loaders were used.  

Based on the above assumptions and the purchase and operational/maintenance costs of 

each equipment we estimated the approximate costs per process. 

Table B-10 Equipment costs of OAW composting facility 

Equipment 
Cost  

(£/unit) 
No. of units 

Cost  

(£) 
Reference 

Shredder 259590.8 2 519181.60 Levis and Barlaz (2013) 

Windrow turner 18690.7 2 37381.40 Levis and Barlaz (2013) 

Screen 103835.9 3 311507.70 Levis and Barlaz (2013) 

Front end loader 155754.2 12 1869050.40 Levis and Barlaz (2013) 

Windsifter 78750 1 78750.00 Komptech Hurrican (quote) 
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The utility costs of a composting facility include the diesel fuel consumed for the operation of 

the equipment that is not electrified, as well as electricity used on the establishments. The 

unit cost of energy is obtained from BEIS (2017b). As shown in Table B-11 the total annual 

cost of utilities is close to £308,000. 

Table B-11 Utility costs of OAW composting facility 

Component 
Cost  

(£/l or kWh) 

Consumption 

(l or kWh/yr) 

Cost  

(£/yr) 

Diesel fuel 1.2059 251788.5  303631.79 

Electricity 0.0816 49191.9 4014.06 

 

The maintenance cost of an OAW composting facility, include primarily the costs associated 

with equipment repair, replacement and maintenance activities. The estimates presented in 

Table B-12, are based on a number of assumptions as follows: 

 Discounted cash flow has not been performed over the lifetime of the system. 

 Equipment will be replaced by the end of their lifetime with the same number of units. 

 All 4 tires for windrow turner and front end loaders will be replaced at the end of their 

lifetime. 

 Lifetime of the equipment is assumed to be the same for all equipment. 

Table B-12 Maintenance costs of OAW composting facility 

Equipment 

Repair 

cost                  

(% initial 

cost) 

Repl. cost 

(£/unit) 

Repl. 

cost for 

tires 

(£/set) 

Tire 

life 

(d) 

Unit 

repl. 

times 

Tire 

repl. 

times 

Total cost 

over 

lifetime 

 (£) 

Cost  

(£/yr) 

Shredder 60 259590.8 0 - 2 0 830690.56 33227.62 

Windrow 

turner 
60 18690.7 1400 87.5 2 104 1224610.24 48984.41 

Screen 60 103835.9 0 - 2 0 394576.42 15783.06 

Front end 

loader 
60 155754.2 700 87.5 2 104 4927338.64 197093.55 

Windsifter 60 78750 0 - 2 0 204750.00 8190.00 

Total       7581965.86 303278.63 

 

In regards to personnel cost the following assumptions were made based on the study of 

Giverno et al. (2001), in order to make the required estimates: 
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1. Number of skilled labour – managers = 4.28E-05 person/tpy 

2. Number of skilled labour – operators = 4.28E-05 person/tpy 

3. Unskilled labour = 1.07E-04 person/tpy 

4. Facility and employee insurance = 37% of salary 

5. Salaries of personnel are obtained from Glassdoor. 

Table B-13 Personnel costs of OAW composting facility 

Parameter 
Number of 

personnel 
£/person-yr 

Cost 

(£/yr) 

Skilled personnel - managers 3 50000 150000 

Skilled personnel - operators 3 23244 69732 

Unskilled personnel 8 17985 143880 

Facility and employee 

insurance 
14  134536.44 

Total   498148.44 

 

 

Scenario 2: Combustion of COS in WID biomass combustion facilities 

 Transport of COS to incineration facilities 

The bases for environmental and economic assessments are detailed in Table B-14. The 

amount of oversize materials sent to incineration/gasification plant is 13.5 kt/yr. The 

incineration facility was assumed to be reasonably closed to composting facility (Table B-14). 

Table B-14 Assumptions and data used for estimating environmental and economic impacts 
associated with the collection and transport of COS from OAW composting to incineration 
facility 

Parameter Value Unit Description Reference 

Truck loading capacity 26 t/truck Adopted WRAP, 2010 

Times needed to 

transport waste to 

incineration/gasification 

per year 

518 times/y Estimated  

Total amount of COS sent to 

incineration per year by the 

maximum truck loading 

capacity, assuming one truck 

operates each time 

Number of rounds 1 Rounds/d Assumed - 
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Waste transported per 

truck per day 
52 t/truck/d Estimated 

Based on number of rounds of a 

unit of truck and loading 

capacity 

Number of trucks 

needed 
1 truck Assumed One truck for one round 

Distance (single trip) 30 miles/trip Estimated 
Approximated average distance 

from composting facilities 

Distance (round-trip) 60 miles/trip Estimated - 

Total distance in a year 21,900 miles/yr Estimated  
Based on 365 days per year that 

COS is sent to incineration 

Number of refuse 

collectors per truck 
2 persons Adopted WRAP 2012 

Total number of refuse 

collectors needed 
2 persons Assumed 

Same number/set of personnel 

working in each truck for the 

entire year 

 

Total fuel (diesel) use = Total distance travelled for all trucks per year × Fuel consumption 

= 21900 mile/year × 0.4545 l/mile = 9953.55 l/yr 

The fuel consumption of 0.4545 l/mile was estimated from WRAP (2010). 

The GHG emission from transport of oversize materials from the composting plant to 

incineration/gasification only involves the emissions that come from diesel use. 

Table B-15 GHGs emission from diesel use in transport of COS from OAW composting to 
incineration facility 

Component 
Consumption  

(l/yr) 

GHG factor  

(kg CO2-eq/l) 

Total GHG emission 

(kg CO2-eq/yr) 

Diesel 9953.55 2.67193 26595.19 

 

The economic assessment of transport of oversize materials from the composting plant to 

incineration/gasification involves capital cost, fuel cost, personnel, and maintenance cost. 

Table B-16 Capital cost associated with the transport of COS from OAW composting to 
incineration facility 

Equipment 
Cost  

(£/unit) 
Number of units 

Cost  

(£) 

Truck (Refuse 

collection vehicle) 
130000 1 130000.00 

Note: Cost per unit of truck was obtained from Leeds City Council (2012) 
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Table B-17 Fuel cost associated with the transport of COS from composting to incineration 
facility 

Parameter Value Unit 

Total fuel use 9953.55 l/yr 

Unit cost of fuel 1.2059 £/l 

Total cost of fuel per year 12003 £/yr 

 

Table B-18 Personnel cost associated with the transport of COS from composting to 
incineration facility 

Personnel Number of personnel £/person-yr 
Cost per year  

(£/yr) 

Refuse collector 2 20000 40000 

Note: Average salary of refuse collector was taken from the National Career Service 
(https://nationalcareersservice.direct.gov.uk/job-profiles/refuse-collector) 

 

Table B-19 Maintenance cost associated with the transport of COS from composting to 
incineration facility 

Equipment 

Replacement 

cost 

(£/unit) 

Lifetime  

(yrs) 

Equipment 

replacement 

times 

Cost  

(£) 

Truck 

(Refuse collection vehicle) 
130000 6 4 520000 

Note: The basis of the lifetime of the truck was taken from Leeds City Council (2012) 

 

 Incineration process assessment 

Carbon emission from incineration of oversize materials consists of three main sections: 

incineration (Table B-20), diesel use and credits from electricity generation (Table B-21). The 

CO2 and SO2 characterisation factors were obtained from Ecoinvent database while the GHG 

factors were obtained from Department for Business, Energy and Industrial Strategy (BEIS) 

Report (BEIS, 2017a). The estimation of the amounts of diesel use and electricity generation 

was obtained from Jeswani and Azapagic (2016). It should be noted that the total 
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environmental impact of the whole system (composting and incineration of oversize 

materials) should also take into account the previous assessment in Scenario 1. 

Table B-20 GHGs emissions from the incineration of COS 

Gases 
t/t of 

oversize 

t/yr 

emissions 

CO2 

conv. 

factor 

SO2 

conv. 

factor 

Global warming 

potential, 100 

years 

(kg CO2-eq/yr) 

Acidification 

potential 

(kg SO2-eq/yr) 

CO2 0.452 6084.2 1  6084171.3 0 

CO 4.87E-05 0.7   0.0 0 

SO2 9.49E-05 1.3  1 0.0 1277.4 

NOx 9.00E-04 12.1  0.7 0.0 8480.1 

N2O 1.70E-06 0.0 298  6819.1 0 

HCl 3.23E-05 0.4  0.88 0.0 382.6 

NH3 1.79E-05 0.2  0.93 0.0 224.1 

HF 3.00E-06 0.0  1.6 0.0 64.6 

PM10 1.79E-05 0.2   0.0 0 

Total     6090990.5 10428.8 

 

Table B-21 GHGs emissions associated with diesel use during COS incineration and GHG 
offset from electricity generation  

Component 
Consumption / 

Production 

GHG factor  

(kg CO2-eq/l or kWh) 

Total GHG emission 

(kg CO2-eq/yr) 

Diesel 15634.95 l/yr 2.67193 41775.5 

Electricity -6986028.6 kWh/yr 0.35156 -2456008.2 

 

Economic assessment of the incineration of oversize material on equipment costs, 

consumables, utility cost, operating costs, and revenue from product generation was 

performed. It should be noted that the total economic assessment of the whole system 

(composting and incineration of oversize materials) presented in Scenario 1 should also be 

taken into account. 

The equipment and operating costs were estimated with reference to the 100 kt/yr 

incineration plant (Wheeler and Rome, 2002). The costs for consumables, utility and revenue 

from electricity generation were estimated from Jeswani and Azapagic (2016). 
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Table B-22 Equipment costs of incineration facility 

Equipment 
Cost  

(£/unit) 

Base capacity 

(kt/yr) 
Cost (£) 

Waste handling, combustion, boiler 

and power generation plant 
22,500,000 100 3,028,625.12 

Flue gas treatment plant 5,700,000 100 767,251.70 

Total   3,795,876.81 

 

Table B-23 Cost of consumables used in incineration facility 

Component 
Cost  

(£/t) 

Consumption  

(t/yr) 

Cost  

(£/yr) 
Note 

Hydrated lime 304 126.53 38464.89 [1] 

Activated carbon 36000 3.23 116299.20 [2] 

Ammonia / urea 12000 52.50 629954.02 [3] 

Total   784718.11  

Note: [1] http://www.easychemtrade.co.uk/shop/products/hydrated-lime.htm; [2] 
https://brownell.co.uk/buyonline/desiccant-refills/activated-carbon.html; [3] 
https://mistralni.co.uk/products/urea-carbamide-fertilizer-46-nitrogen 

 

Table B-24 Utility costs of incineration facility 

Component 
Cost 

(£/unit) 

Consumption 

(l/yr) 

Cost  

(£/yr) 

Auxiliary fuel (oil) 1.2059 15634.95 18854.19 

Water (for steam generation 

and ash quenching) 
1.33E-03 3876640.15 5151.67 

Total   24005.86 

 

Table B-25 Operating costs of incineration facility 

Equipment 
Base Cost  

(£/yr) 

Base capacity  

(kt/yr) 

Cost  

(£/yr) 

Personnel 800000 100 107684.45 

Maintenance 800000 100 107684.45 

http://www.easychemtrade.co.uk/shop/products/hydrated-lime.htm
https://brownell.co.uk/buyonline/desiccant-refills/activated-carbon.html
https://mistralni.co.uk/products/urea-carbamide-fertilizer-46-nitrogen
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Residue disposal 300000 100 40381.67 

Total   255750.57 

 

Table B-26 Revenue from electricity generation at incineration facility 

Component 
Cost 

(£/kWh) 

Generation 

(kWh/yr) 

Cost  

(£/yr) 

Electricity 0.0816 6986028.6 570059.93 

Total   570059.93 

 

 

Scenario 3: COS gasification 

 Transport of COS to gasification facilities 

The bases for environmental and economic assessments are detailed in Table B-14. The 

amount of oversize materials sent to incineration/gasification plant is 13.5 kt per year. The 

incineration facility was assumed to be reasonably closed to composting facility (Table B-14). 

Table B-27 Assumptions and data used for estimating environmental and economic impacts 
associated with the collection and transport of COS from OAW composting to gasification 
facility 

Parameter Value Unit Description Reference 

Truck loading capacity 26 t/truck Adopted WRAP, 2010 

Times needed to 

transport waste to 

gasification per year 

518 times/yr Estimated  

Total amount of COS sent to 

gasification per year by the 

maximum truck loading 

capacity, assuming one truck 

operates each time 

Number of rounds 1 Rounds/d Assumed - 

COS transported per 

truck per day 
52 t/truck/d Estimated 

Based on number of rounds of a 

unit of truck and loading 

capacity 

Number of trucks 

needed 
1 Truck Assumed One truck for one round 

Distance (single trip) 30 miles/trip Estimated 
Approximated average distance 

from composting facilities 

Distance (round-trip) 60 miles/trip Estimated - 
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Total distance in a year 21,900 miles/yr Estimated  
Based on 365 days per year that 

COS is sent to gasification 

Number of refuse 

collectors per truck 
2 Persons Adopted WRAP 2012 

Total number of refuse 

collectors needed 
2 Persons Assumed 

Same number/set of personnel 

working in each truck for the 

entire year 

 

Total fuel (diesel) use = Total distance travelled for all trucks per year × Fuel consumption 

= 21900 mile/year × 0.4545 L/mile = 9953.55 L/year 

The fuel consumption of 0.4545 L/mile was estimated from WRAP (2010). 

The GHG emission from transport of oversize materials from the composting plant to 

gasification involves the emissions from the use of diesel fuel. 

Table B-28 GHGs emission from diesel use in transport of COS from OAW composting to 
gasification facility 

Component 
Consumption 

(l/yr) 

GHG factor  

(kg CO2-eq/l) 

Total GHG emission 

(kg CO2-eq/yr) 

Diesel 9953.55 2.67193 26595.19 

 

The economic assessment of transport of oversize materials from the composting plant to 

incineration/gasification involves capital cost, fuel cost, personnel, and maintenance cost. 

Table B-29 Capital cost associated with the transport of COS from OAW composting to 
gasification facility 

Equipment 
Cost  

(£/unit) 
Number of units 

Cost  

(£) 

Truck  

(refuse collection 

vehicle) 

130000 1 130000.00 

Note: Cost per unit of truck was obtained from Leeds City Council (2012) 
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Table B-30 Fuel cost associated with the transport of COS from OAW composting to 
gasification facility 

Parameter Value Unit 

Total fuel use 9953.55 l/yr 

Unit cost of fuel 1.2059 £/l 

Total cost of fuel per year 12003 £/yr 

 

Table B-31 Personnel cost associated with the transport of COS from OAW composting to 
gasification facility 

Personnel Number of personnel £/person-yr 
Cost per year  

(£/yr) 

Refuse collector 2 20000 40000 

Note: Average salary of refuse collector was taken from the National Career Service 
(https://nationalcareersservice.direct.gov.uk/job-profiles/refuse-collector) 

 

Table B-32 Maintenance cost associated with the transport of COS from OAW composting 
to gasification facility 

Equipment 

Replacement 

cost 

(£/unit) 

Lifetime 

(yrs) 

Equipment repl. 

times 

Cost  

(£) 

Truck 

(refuse collection vehicle) 
130000 6 4 520000 

Note: The basis of the lifetime of the truck was taken from Leeds City Council (2012) 

 

 Gasification process assessment 

Environmental impact from gasification of oversize materials consists of two main sections: 

acidification potential from gasification and GHGs from electricity generation. The SO2 

characterisation factors were obtained from Ecoinvent database while the GHG factors were 

obtained from Department for Business, Energy and Industrial Strategy (BEIS) Report (BEIS, 

2017a). The estimation of the amount electricity generation can be found in the Appendix 

(Table A-4). It should be noted that the total environmental impact of the whole system 

(composting and gasification of oversize materials) should also take into account the previous 

assessment in Scenario 1. 
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Table B-33 Acidification potential of gasification of COS 

Gases  t/t of COS 
t/yr 

 emissions 
SO2 conv. factor 

Acidification 

potential 

(kg SO2-eq/yr) 

NOx 1.63E-04 2.2 0.7 1537.7 

NH3 0.0012 16.2 0.93 15047.4 

Total    16585.1 

 

Table B-34 Credits of GHG emissions from electricity generation for gasification of COS 

Component 
Amount generated 

(kWh/yr) 

GHG factor 

(kg CO2-eq/kWh) 

Total GHG emission 

(kg CO2-eq/yr) 

Electricity -8016438.3 0.35156 -2818259.1 

 

Economic assessment is presented in Table B35-B38. It should be noted that the total 

economic assessment of the whole system (composting and gasification of oversize materials) 

should also take into account the previous assessment in Scenario 1. 

Table B-35 Equipment costs used at the gasification facility 

Equipment 
Base cost 

(£) 

Base 

size 
Unit 

Current 

size 

Scale 

factor 

Cost  

(£) 

Dryer 5776000 33.5 
t/h wet biomass 

feed 
1.683 0.8 527678.93 

Gasifier 12388000 68.8 
t/h dry biomass 

feed 
0.673 0.65 612054.60 

Syngas cleaning and conditioning 

Tar cracker 2356000 34.2 m3/s gas input 0.421 0.7 108555.97 

Cyclones 1976000 34.2 m3/s gas input 0.421 0.7 91046.94 

Gas cooling 5312400 39.2 
kg/s steam 

generation 
0.362 0.6 319665.56 

Baghouse 

filter 
1216000 12.1 m3/s gas input 0.421 0.65 137146.37 

Condensing 

scrubber 
1976000 12.1 m3/s gas input 0.421 0.7 188422.99 

Hot gas 

cleaning 
22800000 74.1 m3/s gas input 0.421 1 129666.03 
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Shift reactor 28044000 15.6 
Mmol/h CO + H2 

input 
0.019 0.85 91491.80 

Selexol CO2 

removal 
41116000 9909 

kmol/h CO2 

removed 
7.779 0.7 275695.55 

Combined heat and power 

Gas turbine + 

heat recovery 

steam 

generator 

14364000 26.3 
MW electrical 

output 
0.982 0.7 1437910.08 

Steam turbine 

+ steam 

system 

3876000 10.3 
MW electrical 

output 
0.313 0.7 335628.19 

Others 

Compressors 8436000 132 
MW compression 

work 
0.276 0.85 44528.58 

Total      4299491.60 

Note: The equipment cost parameters were obtained from Sadhukhan et al. (2014).  

 

Table B-36 Cost of consumables used in the gasification facility 

Component 
Cost 

(£/t) 

Consumption 

(t/yr) 

Cost  

(£/yr) 

Dolomite 12690 375.55 4765723.34 

NaOH 1102 4.44 4895.23 

Total   4770618.57 

Note: Price of dolomite: https://mistralni.co.uk/products/dolomite-calcium-magnesium-carbonate; Price of 
NaOH: http://www.chemiphase.co.uk/sodium-hydroxide-naoh-caustic-commercial-grade/  

 

Table B-37 Utility costs of gasification facility 

Component 
Cost  

(£/l) 

Consumption 

(l/yr) 

Cost  

(£/yr) 

Water (for steam 

generation and ash 

quenching) 

1.33E-03 3876640.15 5151.67 

Total   5151.67 

 

https://mistralni.co.uk/products/dolomite-calcium-magnesium-carbonate
http://www.chemiphase.co.uk/sodium-hydroxide-naoh-caustic-commercial-grade/


 

 

84 

84 

Operating costs of gasification facility 

Equipment Cost (£/yr) Note 

Personnel 13376.43 Assume £0.53 million (0.6 million Euro) per 100 MW 

LHV of input feedstock (Ng and Sadhukhan, 2011) 

Maintenance 85989.83 Assume 2% of capital investment (Faaij et al., 1997) 

Residue (ash) 

disposal 

40381.67 £300,000 per year for 100 kt per year plant, same as 

incineration case (Wheeler and Rome, 2002). 

Total 139747.93  

 

Table B-38 Revenue from electricity generation at the gasification facility 

Component 
Cost  

(£/kWh) 

Generation 

(kWh/yr) 

Cost  

(£/yr) 

Electricity 0.0816 8016438.344 654141.37 

Total   654141.37 

 

Some of the mass losses lead to emissions to the environment and those flows are, together 

with all emissions, caused by the operation of the plant in terms of fuel and electricity use in 

particular of importance for the environmental assessment . 

Other environmental values a (EPA 2016);b (WRAP 2013); c (EA 2011): 

 Land requirements due to the scale of the processa 

 Contamination of local ground water and surface water supply due to leachate 

contamination 

 Bio aerosols emissions from large, centralised sites that operate commercially present 

a relatively low risk to the health of people living nearbyb 

 Fire outbreaks of COS pilesc 

Social values: 

 Health and safety procedures for the staff to avoid exposure to bio-aerosols and dustb 

 Noise from the use of machinery shredders, turning equipment and screening, 

crushing and grinding of materials, fans and blowersc 

 Odours can intensify from the stockpiling of COSc 

The Environment Agency requires that all new composting environmental permit applications 

within 250 metres of workplaces or dwellings to carry out a Site Specific Bioaerosol Risk 

Assessment (SSBRA) in support of their application. Before granting a permit they need to be 

satisfied that the SSBRA shows that bioaerosols can, and will, be maintained no higher than 
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acceptable levels at the sensitive receptors. Greater concentrations of bioaerosols are found 

in large scale composting sites compared to small-scale facilities. Small-scale facilities are 

exempt from environmental permitting (see section 5.1) and do not need to undertake a 

SSBRA.  

Technical values: 

 Adjustment of piles for ensuring optimal composting conditionsa 

 Collection and treatment of leachatea 


