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Executive summary 

Existing AD technologies have had limited success converting MSW and other cellulose-
containing materials to biogas economically; due to low COD loadings and high solids 
retention times necessary to achieve complete degradation of the cellulose. 
 
Fiberight Ltd. is an early stage UK based micro-company, formed in 2008 and seed-funded 
by Fiberight LLC1 which owns 50% of the UK business. It has developed an innovative 
process to recover value from residual MSW, C&I waste, and rejected fractions from MRFs. 
This is achieved by washing and separating the cellulosic materials from the other waste 
constituents, and subjecting them to  enzyme hydrolysis. 
 
Fiberight LLC has already operated an 8,000 ton (US) /year demonstration facility converting 
MSW to ethanol and has now secured funding to build a full -scale plant which is expected to 
be operational late 2014. 
 
While the plants in the US are designed to produce ethanol, different market pressures in the 
UK signify that bio-gas would be a more feasible end product. Both markets require Fiberight 
to produce a clean cellulosic pulp which is then converted to sugars by enzyme hydrolysis, so 
the initial stages of the process are identical. 
 
In the UK, the process results in a liquid feed consisting of a sugar-laden hydrolysate and 
wash water, which can be converted to biogas by the application of high throughput liquid  
AD processes such as UASB and EGB. By using this process, recyclates and other solids are 
removed from the waste stream prior to the AD reactor, so that no significant quantity of 
digestate is produced. 
 
A laboratory-scale pilot facility has been in operation at UoS for about 6 months, using 1 litre 
UASB AD reactors and fed with varying compositions of wash water and hydrolysate from 
the Fiberight process. These have achieved COD destruction of 90% with methane 
production of 0.35 m 3/kg COD destroyed, and loadings up to 20 kg COD/m3/day. 
This allows 75% of the total AD potential of the waste to be recovered in AD processes with 
short retention times reducing reactor size, plant footprint and capital costs for conventional 
AD plants processing MSW. 
 
Results from the laboratory trial and applicable results from the US have been used to 
develop a mass and energy balance for the entire process, linked to a financial model to 
allow the technical; and financial performance of the process to be evaluated at differen t 
operating conditions. 
 
The model shows that a plant capable of processing 250,000 tonnes per annum of residual 
MSW will achieve an IRR of 25% on a capital investment of £45million. They also show that 
the process is relatively insensitive to variations in cellulose content of the feed in the range 
reported in the literature. The impact of moisture on the process is minor, with a variation in 
IRR of 3% over the range of expected moisture content.  

                                           
1 Fiberight LLC is a privately held company founded in 2007 with current operations in Virginia, Maryland and Iowa. As a leading 
edge clean technology company, it focuses on transforming post-recycled municipal solid wastes and other organic feedstocks 
into next generation renewable biofuels, with cellulosic ethanol as the core product. During October 2012, Fiberight LLC began 
commissioning an 8,000tpa, US$ 5.5m demonstration plant in Lawrenceville, Virginia and it has already demonstrated, via the 
plantôs autoclaving and RCH system, the critical steps for conversion of biogenic material in MSW to sugars, followed by 
production of ethanol from that sugar (ethanol being the focus of US waste to energy incentives).  As a result it has now 
secured further and sufficient f unding to develop over the coming months an engineering design package for its system that 
will underpin any full -scale plant design. 
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The process does produce a residue from material that has not reacted during hydrolysis. 
The potential outlets for this post -hydrolysis solids (PHS) have not been fully evaluated, and 
the value (or disposal cost) of this material is significant, the IRR falling to 15% if it needs to 
be disposed of as waste to landfill, rather than as a substitute fuel.  
 
A market analysis has identified significant quantities of food waste and fibre present in 
residual MSW and C&I waste currently disposed to landfill (12 and 8.5 million tonnes per 
annum respectively). These are estimated to contain over 5 million tonnes per annum of 
cellulose fibres, and a similar amount of food waste, both of which would be converted to 
biogas by application of the Fiberight process. 
 
However, these markets may be difficult to access at this time, d ue to the long -term 
contracts in place and the reluctance to invest in novel technology. As a result, the initial 
commercialisation of the Fiberight process should target RDF (which still contains significant 
quantities of cellulose fibre) for the bulk of its input, and top -up with C&I and residual MSW 
to demonstrate the processô suitability for these wastes. 
 
The Driving Innovation in Anaerobic Digestion (DIAD) programme has two main objectives:  

Â Introduction of new technologies which challenge the cost of AD 

Â Improving the efficiency of AD through emerging technology  

The Fiberight process will deliver against both of these objectives since: 

Â It delivers liquid feeds to the AD reactor, significantly reducing residence time and reactor 

size and therefore operating and capital costs through a high degree of process 

intensification; 

Â It achieves higher energy recovery from the biomass element of MSW than alternative 

technologies such as incineration; 

Â It has the ability to process high volume wastes currently being disposed of in landfill, 

without generating significant quantities of digestate;  

Â It achieves recovery of biogas from residual MSW without the need for further segregated 

collections; 

Â It produces clean, manageable, homogeneous outputs which have the potential to be 

developed into value added products; and  

Â It allows for recovery of additional recyclates (plastics and metals) increasing landfill 

diversion. 

Â There is potential future benefit as the sugar platform can be redirected as a feedstock 

for the production of other higher added value chemicals such as bioplastics as these 

emerging technologies mature 

This feasibility study shows that while the Fiberight process is theoretically viable, there are a 
number of assumptions and data gaps in the analysis that need to be demonstrated before a 
robust technical and economic case for the process can be made. In order to demonstrate 
the robustness of the technology, a demonstration plant is required that is capable of 
processing material on a continuous basis. 
 
The next stage for Fiberight would be to construct a pilot plant in the UK to answer the 
questions above. The objectives of this demonstration plant are:  

Â To demonstrate that the enzyme performance obtained in Novozymesô US laboratories 

can be achieved using pulp produced from UK waste. 
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Â To demonstrate that the refining process used to enhance enzyme performance can be 

achieved using pulp produced from UK waste. 

Â To demonstrate the performance of pilot -scale EGB technology when presented with the 

wash water and hydrolysate feeds, in terms of biogas generation, methane content and 

COD loading, ultimately leading to a process guarantee by the EGB technology supplier. 

Â To demonstrate that the biogas produced can be successfully upgraded to meet the 

requirements for bio-methane injection into the grid.  

Â To generate quantities of recovered cellulose fibres to allow the potential markets to be 

tested, and gather sufficient evidence of its consistency, homogeneity and potential 

environmental impact to achieve ñend of wasteò status, whichever end market is 

identified. 

Â To generate quantities of PHS that allow the potential markets to be tested, and gather 

sufficient evidence of its consistency, homogeneity and potential environmental impact to 

achieve ñend of wasteò status, whichever end market is identified.  

Â To generate sufficient quantities of PHS that will allow its biogenic content to be 

established, and thus demonstrate its potential for attracting renewable energy subsidies 

if used as a product fuel. 
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1.0  Introduction and background  
 
1.1 AD treatment of MSW 
 
Currently, the application of Anaerobic Digestion (AD) to household and commercial wastes 
is generally restricted to food waste in the UK, as it is seen to have a number of advantages:  

Â Potential production of biogas ï which can be used to produce energy 

Â Production of digestate ï which can potentially be used as a bio fertiliser on land 

This is achieved through the targeted collection of food waste, requiring a separate collection 
of food waste for treatment, in order to allow the use of digestate on agricul tural land. 
 
The use of unsegregated residual Municipal Solid Waste (MSW) and commercial waste as a 
feedstock for AD plants is currently limited in the UK. However the Fiberight process is able 
to treat the entirety of a residual MSW stream, removing the requirement for the separ ate 
collection infrastructure. 
 
The Fiberight process hydrolyses cellulose fibres to a sugar solution prior to AD which 
enables this material to be converted efficiently into biogas in the AD reactor. The Fiberight 
process also optimises the quality and reduces the quantity of digestate produced.  
 
It should be noted that, in the UK, the aim of the Fiberight process will be to only process 
those fibres contained within the residual stream wh ich are not currently recycled. 
 
1.2 Aims and objectives of the Feasibility Study 
 
The aim of this feasibility study was to undertake a technical and commercial appraisal of the 
Fiberight process and assess its market potential in the UK. 
 
The objective of this study was to investigate the Fiberight process, and identify what 
additional information would be required to prove the case for full -scale commercialisation of 
the process in the UK. This would include: 

Â Development of a mass and energy balances to allow for financial modelling 

Â Development of plan for a demonstration plant  

Â Market study to determine potential feedstocks and market outlets and an analysis of the 

regulatory landscape 

The next phase of the project will be to  build a demonstration plant. This will enable 
Fiberight to confirm certain process metrics to finalise the full -scale design; demonstrate key 
commercial metrics; support application for ñEnd of Wasteò status for process by-products; 
and prove the concept to potential investors in the UK and Europe.  These requirements are 
detailed further in this report.  
 
1.3 Technology 
 
1.3.1 Initial development 
 
The key to the Fiberight process is the segregation of the waste into homogenous process 
streams including a highly concentrated cellulose stream which can then be cost effectively 
converted by rapid enzyme hydrolysis to sugars. This process was developed in the US by 
Fiberight LLC in collaboration with Novozymes ï the worldôs leading manufacturer of 
enzymes. This collaboration has led to the development of a commercially viable process to 
produce ethanol as a ódrop-inô biofuel. Fiberight LLC has constructed a demonstration scale 
facility designed to process 50 ton (US)/day of residual MSW which contains all the core 
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process technologies including autoclaving, recyclate recovery, hydrolysis, fermentation, 
waste water treatment and high throughput AD. This plant ran continuously for a period of 
120 days2, and has been used as the basis for the commercialisation of the process in the 
US. The plant continues to run as a development platform to identify process improvem ents. 
The first full -scale plant is expected to be operational late 2014.  
The US process is targeted on the production of ethanol. However, because of different 
market demands in the UK, Fiberight Ltd has focussed on the development of the technology 
required to use the sugars as a feedstock for high throughput AD and maximise biogas 
output.  
 
1.3.2 Achievements to date 
 
Initial work in the UK was undertaken at a pilot fac ility based at the University of 
Southampton (UoS). This was originally focussed on the cleaning of cellulosic fibres, 
although the remit was later broadened to examine the processing of biomass produced via 
MSW autoclaving processes. To date, the pilot facility has been operating the Up Flow 
Anaerobic Sludge Bed (UASB) for over 6 months under different operating conditions. 
Typically destruction of 90% chemical oxygen demand (COD) has been achieved with 
methane production of 0.35 m3/kg COD destroyed. The work has also shown that the COD 
loading in the AD reactor can be increased to 20 kg COD/m3/day which is significantly higher 
than conventional technology options for processing of MSW3, thus reducing reactor size, 
plant footprint and Capex. 
 
1.3.3 Technology overview 
 
As the process is designed to treat residual MSW waste, there are preliminary separation 
stages to remove any remaining recyclates from the stream along with other materials which 
are not suitable for enzyme hydrolysis or AD reaction. A more complete description of the 
proposed process is detailed in Section 2.0. 
 
Fiberight believe that the combination of washing the biomass and the enzymatic treatment 
of cellulose is the true innovation for this process and that this technology has a number of 
advantages over the existing methods for treating food and residual waste.  
 

Â The key advantage that the Fiberight process has over conventional AD processes is the 

enzyme hydrolysis of the cellulose fraction of the residual waste prior to AD. This 

produces a sugar solution which can be converted to biogas by AD much more rapidly 

than conventional AD. The hydrolysis step can be achieved in 36 hours and conversion to 

biogas in a further 12 hours;  

Â In addition to the cellulose -derived sugar solution, the pre-treatment process produces a 

wash water stream with a high soluble COD loading which can also be fed directly to an 

AD plant; 

Â The process converts solid residual waste into liquids with high soluble COD loadings, 

allowing the use of highly efficient Expanded Granular Bed reactors which produce bio gas 

with minimal digestate;  

                                           
2 Required to secure USDA loan guarantee for $25M for commercial plant 

3 Biomethanization of the Organic Fraction of Municipal Solid Waste, Editor(s): J. Mata-Alvarez, Publication Date: 01 Sep 2002 Å 
ISBN: 9781900222143 indicates that loads of 6 ï 9.7 kg VS / m3 day source separated residual waste can be treated in a single 
stage wet CSTR.  Discussions with UoS indicated that the ratio of COD : VS is about 1.1.  So it can be calculated that 
conventional technology would treat 6.6 ï 10.67 kg COD / m3 day. 
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Â The biomass production within the reactor can be ñharvestedò for sale to other AD plants, 

as it is not mixed with waste solids 

By comparison, conventional AD plants operate with the material in mixed phase (~10% 
solids) and have solids retention times of ~24 days 4. The solids content of the entire waste 
stream also means that conventional AD reactors have to be designed with agitation to keep 
these solids suspended leading to high power requi rements. This mixing requirement is 
eliminated in the Fiberight process as only liquid streams are fed to the AD reactor. The use 
of mixed CSTR reactors for conventional AD also results in a loss of conversion efficiency, as 
although the mean (or average) solids retention time is ~24 days, a portion of the feed will 
have a much shorter retention time, and will not yield its full bio -methane potential (BMP). 
This also means that any unreacted biomass contributes to the mass of digestate produced. 
 
1.4 Required outcomes 
 
The Driving Innovation in Anaerobic Digestion (DIAD) programme has two main objectives:  

Â Introduction of new technologies which challenge the cost of AD  

Â Improving the efficiency of AD through emerging technology  

The Fiberight process will deliver against both of these objectives since: 

Â It delivers liquid feeds to the AD reactor, significantly reducing residence time and reactor 

size and therefore operating and capital costs through a high degree of process 

intensification, 

Â It washes the waste such t hat a liquid stream with high COD is fed to the AD reactor, 

improving efficiencies. 

Â It achieves higher energy recovery from the Biomass element of MSW than alternatives 

technologies such as incineration. 

Â It has the ability to process high volume wastes cur rently being disposed of in landfill, 

without generating excessive quantities of digestate 

Â It achieves recovery of biogas from residual MSW without the need for segregated 

collections, 

Â It produces clean, manageable, homogeneous outputs which have the potential to be 

developed into value added products, and 

Â It allows for recovery of additional recyclates (plastics and metals) increasing landfill 

diversion. 

Â There is potential future benefit as the sugar platform can be redirected as a feedstock 

for the production of other higher added value chemicals such as bioplastics as these 

emerging technologies mature5 

While the Fiberight process has already been proved to produce high yields of biogas in the 
pilot plant based at the University of Southampton and at Fiberightôs demonstration facility in 
Lawrenceville, VA, further study is required to confirm certain key assumptions within the 
mass and energy balance as they relate to the design of a plant in the UK to ensure that the 
process can be successfully scaled up and commercialised in the UK. 
 
 

                                           
4 http://www.swea.co.uk/downloads/Biogas_Brochure.pdf ; Biogen Greenfinch Ltd, Ludlow ï 25-30 days, Twinwoods ï 30 days; 
Farmegy ï 62 days; Zeltweg ï 50 days 

5 Fiberight has already successfully run early stage trials for the production of PLA and Butanol 

http://www.swea.co.uk/downloads/Biogas_Brochure.pdf
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1.5 Fiberight Ltd 
 
Fiberight Ltd is an early stage UK-based micro company which was formed in 2008. The 
company aims to develop a novel technological approach to MSW recovery in the UK. The 
company was seed funded by Fiberight LLC which is a US based company focussed on 
transforming post-recycled municipal solid wastes and other organic feedstocks into biofuels, 
with cellulosic ethanol as the core product (http://fiberight.com ). Fiberight LLC is already 
operating a plant in Lawrenceville, VA which converts the sugars recovered from the 
cellulose element of municipal waste into ethanol. The plant also produces biogas from the 
wash water system using EGB (Expanded Granular Bed) technology. Fiberight LLC is 
currently in the process of developing a similar, larger facility in Blairstown, IA.  
 
Key personnel involved in delivering this feasibility study are:  

Â Nick Thompson, Managing Director of Fiberight Ltd, is also Vice-President Engineering for 

Fiberight LLC and instrumental in the development of the Fiberight process from initial 

concept to plant commissioning at Lawrenceville. 

Â Peter Speller, Cox & Speller, Chemical Engineering Consultants. Peter has been involved 

with Fiberight for the past three years.  He has been active in supporting the research at 

the University of Southampton and providing engineering support to  the plant in 

Lawrenceville. 

Â Olwen Cox, Cox & Speller, Chemical Engineering Consultants. Olwen has been working 

with Fiberight for the p ast 6 months. Previously she worked for WRAP for over 7 years 

and was instrumental in the development of the Welsh Governmentôs Collections, 

Infrastructure and Markets Sector plan. 

Â Neil Graham, formerly Chief Finance Officer of Graphite Resources Ltd has been working 

with Fiberight for the past year. He is a Chartered Accountant and his career includes 11 

years with Ernst & Young in its London Corporate Advisory team and 6 years with 

Montagu Private Equity. In 2005, whilst at Montagu, he co -led the financing and 

arrangement of the highly successful, Ã200m MBO of Cory Environmental, one of UKôs 

leading waste management businesses serving as Main Board Director. 

Â Keith Farmery, Advisor. Keith has 30 yearsô experience of business leadership and 

planning, manufacturing, technology/R&D and new business development in multi -

national oil, chemical and high technology services industries. He has held a part time role 

in Graphite as Special Advisor to the Board, focused on strategy development, technology 

and new company formation with international partners  

1.6 Feasibility Study methodology 
 
The feasibility study was divided into a number of work packages: 
 

Â Work Package 1 - Process Modelling 

At its laboratory site at the University of Southampton, Fiberight has already performed 
small-scale washing and AD trials under batch and continuous conditions. These are detailed 
further in Section 4.1. Fiberight LLC has also operated its demonstration facility in 
Lawrenceville, VA for more than 120 days. Where applicable6 this data has been used. 

                                           
6 It should be noted that the Lawrenceville demonstration  plant is based on the production of ethanol so some of the data is not 
directly applicable 

http://fiberight.com/
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Mass and energy balances have been developed for this study which enabled the impact on 
process performance of feed stocks of different sources and of differin g compositions to be 
assessed. 
 
This model was then used as a basis for the development of a financial model which 
assessed the economic viability of the process. These models were then used to examine the 
sensitivity of the Fiberight process to key variables such as feed composition and enzyme 
loading and alternative feedstocks. The models were also used to determine the optimum 
sizing for a demonstration plant.  
 
Discussion of the mass & energy balances developed can be found in section 4.2 
 

Â Work Package 2 - Market Analysis 

The purpose of this market investigation was to ensure that the Fiberight process remains 
commercially relevant and such that it retains maximum flexibili ty to exploit changing trends. 
Fiberightôs process is dependent upon access to incoming waste feedstocks and demand 
from appropriate industrial applications / organisations for the energy produced by the 
process. 
 
This task surveyed the regional availability of waste material from various sources (MSW / 
C&I (Commercial and Industrial) / residual MRF / MBT). 
 
It also assessed the UK and EU markets for recovered cellulosic fibre (values, volumes and 
required technical performance / specification) and compared these requirements to 
available feed stocks from waste sector sources. 
 
The value of recyclates has been reviewed and some comments made in the report to 
demonstrate the impact on the financial performance of the process. The information has 
been limited as this area is outside the scope of the report.  
 
Finally, an examination of the regulatory and financial landscape in the UK was undertaken. 
This investigated the potential of the process to access incentives such as ROCs (Renewable 
Obligation Certificates), FiTs (Feed in Tariffs), and the RHI (Renewable Heat Incentive). In 
addition, the requirements to achieve End of Waste status for several of the end products 
from the process were investigated. 
The market analysis can be found in section 2.2 
 

Â Work Package 3 ï Detailed costing of the demonstration plant  

A budget for the purchase of additional equipment and the running costs for a 5 month 
continuous operation study have been developed. An outline of these figures is given in this 
report. 
 

Â Work Package 4 - Financial Modelling 

A financial model based on the outputs from the process modelling and the outcome of the 
market analysis has been developed. A summary of the economic modelling and cost 
benefits analysis can be found in section 6.0. 
 

Â Work Package 5 - Project Management and Reporting 

A technical and commercial feasibility report has been produced alongside an updated 
business plan. (i.e. this report).  
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2.0  Market analysis  
 
2.1 Current situation 
 
The Fiberight process is built on a platform of well -established processes such as autoclaving 
and AD. There is already considerable publicly available information pertaining to these 
processes in the public domain. The proprietary technologies that are used are the biomass 
washing process which is protected under Fiberightôs patent7 and the specific enzyme 
developments which relate to the process. 
 
The enzyme development work is undertaken jointly between Novozymes and Fiberight with 
the biotech elements being protected within the Novozymes IP umbrella and the process 
being jointly reviewed on a regular basis to ensure that there are no issues with the freedom 
to operate from an IP perspective. 
 
Where Fiberight has other technology partners, the right to use the technology will be 
included within the final contract documentation or non -disclosure agreement. 
 
As part of the due diligence package for investment a full patent search will need to be 
carried out to ensure that Fiberigh t have freedom to operate t he process. 
 
2.2 Market analysis 
 
As feedstock for the plant, Fiberight are considering those residual / unwanted streams 
which contain significant quantities of fibre and food waste. Fiberight have identified the 
following streams as potential feedstock for the plant: - 

Â Residual MSW 

Â Residual / Reject stream from MRFs 

Â MBT outputs 

Â SRF outputs 

Â RDF outputs 

2.2.1 Residual MSW 
 
This stream will consist mainly of material sent to landfill by Local Authorities. However there 
are also significant quantities of ñHousehold-likeò waste which are sent to landfill by the 
Commercial & Industrial sectors and therefore need also to be taken into account.  
 
Municipal / Household Material  
All local authorities are required to enter data into WasteDataFlow8. This data is collated by 
the respective governments to demonstrate the recycling rates achieved. This data can 
therefore be used to calculate the amount of waste being sent to landfill in different regions 
of the UK. 
 
While local authorities in the UK are required to provide information for Waste Data Flow, 
this does not provide information on the composition of the waste streams in question, being 
more focussed on information pertaining to achieving recycling targets.  
 

                                           
7 US Patent #7,758,719 granted July 20th, 2010; European patent application #06849955 and publication #EP2026647  

8 http://www.wastedataflow.org/  



 

 Fiberight    14  
 

However Wales9 and Scotland10 have both recently undertaken studies investigating the 
composition of municipal waste which can be used as a basis to calculate the quantities of 
fibre and food waste in the UK residual waste stream as shown in Figure 1 and Figure 2.  

 

Figure 1: Fibre Content of Residual MSW Stream (ó000s) 

                                           
9 http://www.wrapcy mru.org.uk/content/composition -municipal-solid-waste-wales-0 

10 http://www.zerowastescotland.org.uk/content/composition -municipal-waste-scotland 
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Figure 2: Food Waste Content of Residual MSW Stream (ó000s tonnes) 
 
It can be seen from these diagrams that there is reasonable agreement with regard to the 
proportions of fibre and food waste from in residual waste from Wales and Scotland and 
therefore it has been assumed that the waste composition for England would be si milar.  
Using these compositions, the fibre and food waste content of the residual waste stream has 
been estimated in Table 1. 
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Table 1: Amounts of Food Waste and Fibre in the Residual MSW Stream 
 

Region Total Food Waste Fibre 

ó000 tonnes % ó000s tonnes % ó000s tonnes 

England 9,60011 30.712 2,952 16.712 1,680 

Scotland 1,84413 31.514 581 15.914 293 

Wales 78415 30.016 235 17.616 138 

Totals 12,228  3,768  2,039 

 
For the model this information was correlated with other confidential information from 
autoclave operating data to provide and average make-up of residual MSW which equates to 
19% fibre and 30.5% food waste.  
 
Commercial and industrial  
Although there are significant amounts of recycling taking place in the C&I sector, a  recent 
report17 highlighted the fact that 80% of businesses donôt recycle and that fibre is one of 
those materials not recycled. 
 
In general if a business generates sufficient quantities of a specific waste to make separate 
collection of that material worthwhile, the business will then recycle that waste. However 
many businesses do not segregate their waste which is then disposed of as a mixed stream 
without any recycling. It is this stream that is most like ly to contain food and fibre waste 
which can be used by the Fiberight process. 
 
As mentioned the Scottish18 and Welsh19 Governments have recently carried out surveys 
investigating the composition of residual MSW. These surveys included an analysis of the 
composition of residual waste from businesses which was collected by Local Authorities. 
Although it is not possible to estimate the quantities of waste generated by these businesses, 
this analysis can be used to illustrate the potential food and fibre loadings of this stream. As 
there was reasonable agreement between the two surveys, only the Welsh data is illustrated 
here in Figure 3. This composition has been used to estimate the potential food and fibre 
quantities in the business waste stream overall. 
 
 
 

                                           
11 https://www.gov.uk/ government/uploads/system/uploads/attachment_data/file/85918/mwb201112_statsrelease.pdf  

12 Taken as the average of the Wales and Scotland figures 

13 http://www.sepa.org.uk/waste/waste_data/idoc.ashx?docid=a9309ef9 -0240-4338-a2a2-f446b325cade&version=-1 

14 http://www.zerowastescotland.org.uk/sites/files/wrap/Scotland_MSW_report_final.pdf  

15 https:/ /statswales.wales.gov.uk/Catalogue/Environment-and-Countryside/Waste-Management/Local-Authority-Municipal-
Waste/Annual/TonnesOfWasteDisposedOfByLandfillOrIncinerated-by-LocalAuthority-Source 

16 http://wales.gov.uk/docs/desh/publications/100526municipalwaste compositionen.pdf 

17 http://www.businesswaste.co.uk/80 -of-businesses-dont-recycle-and-dont-care/#.UbNF1tZwbIU 

18 http://www.zerowastescotland.org.uk/sites/files/wrap/Scotland_MSW_report_final.pdf  

19 http://wales.gov.uk/docs/desh/publications/100526municipalwa stecompositionen.pdf 
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Figure 3: Composition of Business Residual Waste Collected by Local Authorities in Wales 
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Unlike the waste collected by Local Authorities who have an obligation to provide information 
of the amount of waste colle cted and recycled; there is no such obligation on private 
businesses. This makes the prediction of the size and content of this waste stream much 
more problematic. Data for this sector is usually obtained by surveys, which are costly and 
time consuming so not carried out on a routine basis. Where surveys have been undertaken, 
they have usually focussed on specific geographic areas and may now be several years out 
of date. 
 
Each of the UK governments therefore have slightly differing data available dependent on 
when a survey was undertaken for that region.  
 
England 20 ï survey published in May 2011 which reported a total of 11,279,000 of C& I 
waste sent to landfill with 6,549,000 tonnes of this material from the mixed waste stream. 
However there is no compositional breakdown of this material.  
 
From Figure 3 , the food/organics content of the C&I stream can be averaged as 26.8 
w/w%, which if applied to these figures would give 1,755,100 tonnes of food and organic 
waste in the mixed waste stream. For fibre, the composition is 37.8 w/w% giving a fibre 
tonnage in the mixed waste of 2,475,500 tonnes. The mixed waste stream was used as a 
basis for this calculation as the total waste landfilled is likely to contain heavy waste such as 
rubble. 
 
Scotland 21 - In 2011, a survey was undertaken which analysed the mixed composition from 
the health and social care sector, education sector and the motor, w holesale and retail 
sector. This study estimated the amounts of food and fibre waste which was being sent to 
landfill by these sectors as 87,000 tonnes and 131,000 tonnes respectively. However, there 
was no recent data for the entire C&I sector in Scotland.  
 
If the mixed waste figure for England of 6,549,000 tonnes is taken as a basis and then  
adjusted based on population. The mixed waste landfilled in Scotland can be estimated as 
1,187,440 tonnes. Assuming the same compositions apply, then this stream can be 
estimated to contain 318,000 tonnes of food waste and 449,000 tonnes of fibre.  
 
Wales 22 - survey carried out in 2009 reported 969,100 tonnes of  mixed waste sent to 
landfill. Of this material the significant majority was from the commercial sector (7 8% w/w 
%). Using the same composition would mean that 260,000 tonnes of food waste were sent 
to landfill and 366,000 of fibre.  
 
The Welsh Government published the óCollections, Infrastructure and Markets Sector planô23 
which attempted to calculate the quantities of specific materia ls sent to landfill by the C&I 
sector and specifically, that material contained in the mixed waste stream as this is 
understood to be poorly recycled. A previous analysis of the composition of residual waste 
from the C&I sector 24, was used in conjunction with the 2009 survey and this data has been 
used to estimate the quantities of food and fibre waste from this sector in Wales. If these 
figures are used to calculate the amount of food waste and fibre sent to landfill, then 
540,000 tonnes of food and 454,000 tonnes of fibre are estimated.  
                                           
20 https://www.gov.uk/ government/uploads/system/uploads/attachment_data/file/190220/ci -project-report.pdf  

21http://www.zerowastescotland.org.uk/sites/files/wrap/The%20compostion%20of%20waste%20from%20three%20sectors%2
0in%20Scotland.pdf 

22 http://www.environment -agency.gov.uk/research/library/publications/107692.aspx 

23 http://wales.gov.uk/topics/environmentcountryside/epq/waste_recycling/publication/cimsectorplan/?skip=1&lang=en  

24 http://www.environment -agency.gov.uk/static/documents/Research/biodegwals_1913611.pdf 
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These figures differ significantly from those calculated above demonstrating the difficulty in 
accurately predicting th e content of the waste. However, the calculations do serve to 
illustrate that this is a significant potential feedst ock for the Fiberight process. The figures 
reported in the Collections, Infrastructure and Markets Sector plan are quoted in this report.  
 
The figures for all 3 countries are summarised in Table 2. 
 

Table 2: Food and Fibre Content of Residual C&I Stream Based on Defra Totals, Welsh 
Composition and Population Split 
 

Region C&I Residual Tonnage ó000s tonnes 

Food Fibre 

Wales 539  454  

Scotland 318 449 

England 1,755 2,475 

Total 2,612 3,378 

 
 
2.2.2 Residual waste from MRFs 
 
Processing in a MRF is a standard method of processing waste and recovering specific 
material from a mi xed waste / recyclates stream. MRFs are usually categorised into ócleanô or 
ódirtyô MRF dependent on whether a recyclates only stream is processed or a general mixed 
waste stream is accepted. The performance of a MRF is dependent on a number of factors 
such as: 
 

Â Characteristics of input streams  

Â Output streams processed and prioritised   

Â Equipment types 

Â Configuration of the MRF 

Â Standard of operation 

These factors all combine to make it extremely difficult to quantify the composition of the 
residual stream from a MRF once the ñmore valuableò recyclates streams have been 
removed. It is likely that this stream would contain materials contaminated with food waste 
which could then be processed by Fiberight. However, in view of the difficulty in estimating 
the likely composition of this stream,  this material would be assessed on an individual basis 
before being accepted as a feedstock. 
 
2.2.3 MBT output  
 
The potential to utilise MBT output will be discu ssed further in Section 4.4.3. MBT plants are 
designed to treat residual waste in the same way that the Fiberight process would, with 
some preliminary separation processes and then high temperature treatment of the 
remaining waste. The front-end processes utilised by an MBT process are very similar to the 
Fiberight processes. 
 
In 2011, the Environment Agency reported 25 19 permitted MBT facilities in England with a 
total permitted annual capacity of 2,728,300 tonnes, with plants ranging in capacity from 

                                           
25 http://a0768b4a8a31e106d8b0 -50dc802554eb38a24458b98ff72d550b.r19.cf3.rackcdn.com/geho1011btxv-e-e.pdf 
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50,000 to 305,000 tonnes/year.  According to Environment Agency information, many of 
these facilities are located in the North West.  Although some of these plants are producing 
an RDF product, many are producing CLO although it is not believed that this is finding end 
use as an high grade compost26. 
 
2.2.4 SRF 
 
SRF has to be manufactured to a European Standard (BS EN 15359:2011[9]) and in the UK; 
it consists mainly of plastic film which is utilised by large industrial f acilities such as cement 
kilns. It is possible to have SRF which contains biomass although it has been difficult to 
obtain compositional data for th is material. As a result, while Fiberight believe that some SRF 
material might be suitable as a feedstock for the process; detailed information regarding the 
potential quantities and quality of these streams is still required.  
 
2.2.5 RDF 
 
There are a number of facilities in the UK producing an RDF product although again, it has 
not been possible to obtain public details of the likely  composition of this material. However, 
discussions with industry sources suggest that the fibre content could range from 12% to 
35% and the food waste from 12% to 4 0%. These are the ranges which have already been 
tested in the Fiberight process model and it should therefore be possible to process this 
material. 
 
Anecdotally, discussions have also suggested that the Green Fence initiative by China27 is 
currently increasing the amount of RDF in the UK, particularly that material containing poor 
quality plastics. 
 
2.3 Government waste policy 
 
With the advent of devolution in Scotland and Wales, the policy and approach to the 
management of waste in the UK is starting to diverge significantly.  
 
2.3.1 England 
 
In England, the main driver for the diversion of waste from landfill remains landfill tax and 
the only targets for local authorities are those re quired by European Directives. The 
Westminster Governmentôs stated position is to let the market decide what waste 
management takes place. As a result, different local authorities in England have different 
approaches towards waste and its management, resulting in different collection 
methodologies, treatment facilities and recyclate quantities and qualities. 
 
2.3.2 Scotland 
 
The Scottish Government is taking a more active approach to waste management, having 
followed the Welsh example of setting a 70% recycling target 28. In addition, they are 
promoting the separate collection of food waste from businesses as well as householders 

                                           
26 http://www.surreycc.gov.uk/__data/assets/pdf_file/0020/167501/11 -Juniper-MBT-Markets-for-Outputs.pdf 

27 Operation Green Fence is an initiative launched by the Chinese Government in February 2013.  It is specifically designed to 
target poor quality waste being shipped to China as recyclate. http://usa.chinadaily.com.cn/epaper/2013 -
09/13/content_16967949.htm  

28 http://www.scotland.gov.uk/Topics/Environment/waste -and-pollution/Waste-1/wastestrategy 
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and are in the process of considering a ban on biodegradable material to landfill29. The 
implications of this arenôt as yet really clear. The ban on biodegradable waste might benefit 
Fiberight, as the process provides a simple method of treating this material. However the 
requirement for separate food waste collection could negate one of the benefits of the 
Fiberight process, that the residual material can be treated un -separated. That being said, 
even with some food waste removed from the waste stream the Fiberight model is still 
effective as the MSW composition will be more akin to RDF (see section 7.1.1). 
 
2.3.3 Wales 
 
The Welsh Government is also taking a more active role in waste management having 
brought in a recycling target of 70% by 2025 30. In addition, the Welsh Government is also 
actively requiring the separate collection of food waste from households by local authorities 
and is supporting Local Authority consortia to invest in AD infrastructure to process the food 
waste collected31. Again, it may be that the investment in AD technology and the 
requirement for separate food waste collection (from households) is not beneficial to 
Fiberight in Wales, although Wales also have targets to eliminate waste sent to landfill which 
could be beneficial to the development of the Fiberight process. 
 
2.4 Renewable energy 
 
The UK government are committed to increasing renewable energy output to 15% of 
demand by 202032. This is being delivered by a complex set of incentives such as RHI, FiTôs 
and ROCôs which are based on the energy output of the power generation plants. There have 
been issues with the long term certainty of these figures for use by investors. DECC are 
trying to address these issues to make investment in the sector more attractive 33 
 
  

                                           
29 http://www.scotland.gov.uk/Resource/Doc/360341/0121809.pdf  

30 http://wales.gov.uk/topics/environmentcountryside/epq/waste_recycling/zerowaste/?lang=en  

31http://wales.go v.uk/topics/environmentcountryside/epq/waste_recycling/infrastructure/;jsessionid=E9E429579CCF2844E0687
9A97371C708?lang=en 

32 https://www.gov.uk/ government/uploads/system/uploads/attachment_data/file/48128/2167 -uk-renewable-energy-
roadmap.pdf 

33 Discussions with DECC and OFGEM 
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3.0  Technology description  
 
Fiberight has identified a low energy input process to recover the sugars, and hence 
bioenergy, from the constituent cellulosic elements typically fo und within MSW, commercial 
waste and rejected fractions from Materials Recycling Facilities (MRFs). 
 
This is achieved through the use of innovative pulping and washing techniques to separate 
the cellulosic materials from other materials found within such w aste streams. High 
throughput AD technology, in conjunction with the use of enzyme hydrolysis, is then used to 
break down these reclaimed cellulosic elements to generate biogas. 
 
Existing AD technologies have had limited success converting MSW and other cellulose-
containing materials to biogas economically; due to low COD loadings and high solids 
retention times necessary to achieve complete degradation of the cellulose. The Fiberight 
process can address this, allowing the cellulose element of the waste to be processed in 
conjunction with a solubilised food waste stream.  
 
It is not Fiberightôs aim to replace existing techniques that are currently used to recover 
paper or card from the waste industry for inc orporation into paper products.  Fiberight plans 
to offer a complementary process that enhances the value recovery from those waste 
streams not currently recycled, by extracting additional cellulosic materials that would 
otherwise be lost to landfill or incineration.  
 
This section contains a description of the proposed Fiberight demonstration plant process 
along with a more detailed description of the existing ful l scale plant at Lawrenceville. It can 
be seen from these descriptions that there are significant similarities between the processes 
which allow learnings from the Lawrenceville plant to be applied to the UK demonstration 
plant. 
 
3.1 Outline of Fiberight process 
 
Figure 4 shows an outline of  the proposed Fiberight process with the key stages of 
operation. 
 



 

 Fiberight    23  
 

MSW

Autoclave

Secondary

Sort

Washing

Enzyme

Hydrolysis

AD Plant

101, 102

Sugar Rich Liquid

Cellulose

Fibres

Sugar Solution

Post Hydrolysis

Solids

Bio-methane

for Grid

Potential Waste Derived End Product

1106

Potential Waste Derived End Product

(long term)

Potential Waste Derived End Product

Potential Waste Derived End Product

1001

Existing US

Process

Primary Sort 104, 108, 111, 113, 114, 116

Inert Fines /

Bulky Items /

Textiles / Metals

Plastic Film /

Metals / Plastics

304, 306, 310, 311, 313,

314, 315, 316, 318

Pre-

Treatment

Glass / Inorganic

solids / small

plastics

411, 412, 422

Water Purge

(~2 Wt% of

recycle stream)

1013

902

AD Activated

Granular

Sludge

1004

Enzyme

Steam

602

502

 
 
 

Figure 4 Process flow diagram showing main operations of the Fiberight process 
 
 

Â Primary Sort 

The purpose of this separation stage is to remove bulky items, textiles, inert fines and metals 

from the MSW stream. This is achieved utilising standard MRF equipment such as trommels, 

picking lines, magnets and eddy current separators. This equipment is described further in 

section 3.2. 

 

 

 



 

 Fiberight    24  
 

Â Autoclave 
The waste is then treated in an autoclave. This heat treatment stage breaks down any paper 
and card into cellulose fibres. Any paper attached to other items (such as labels) will also be 
loosened making the subsequent separation of these elements easier. 
 

Â Secondary Sort 

In this stage, any remaining large metals objects are removed along with plastics and plastic 

film. This is achieved utilising standard MRF equipment such as trommels, picking lines, 

magnets and eddy current separators. This equipment is described further in section 3.2. 

 

Â Washing 
In the washing stage, the remaining material is washed counter currently with water. The 
dirty wash water contains soluble organics and is then fed to AD. The remaining g lass, 
inorganic solids and small plastics are removed at this stage of the process. 
 

Â Pre Treatment 
The washed stream, which contains cellulose fibre, insoluble organics and other 
contaminants, is then screened to remove contaminants which are returned to t he Primary 
Sort in order to extract any further useful material. The liquid stream, which is a dilute 
suspension of fibres, is then filtered again to increase the fibre concentration. The liquid 
from this second filtration is then  re-used in the washing stage. 
 

Â Enzyme Hydrolysis 
The hydrolysis process is performed in two stages; first the pulp is pre -treated to improve 
the accessibility of the fibre. Enzymes are then introduced into the concentrated fibre stream 
and convert the cellulose into a solution of sugars. Un-hydrolysed material (e.g. lignin, 
inorganic solids) is filtered off as Post-Hydrolysis Solids (PHS). 
 

Â AD Plant 
The spent wash water and the sugar solution from the enzyme hydrolysis stage are blended 
before being fed to the AD plant which converts the COD of the feed streams to biogas. The 
effluent from the AD plant is fed back to the washing plant where it is re -used. A small purge 
stream is discharged to control the build -up of inorganic salts in the water syste m. There is a 
further gas t reatment stage which cleans and upgrades the biogas from the AD plant, 
removing CO2 and water, to ensure quality and calorific value is suitable for electricity 
generation or direct injection into the UK gas grid.  
 
3.2 Process description for full-scale plant 
 
The Fiberight process is based on the use of autoclaving technology to change the particle 
size of the biomass element of MSW allowing this fraction of the waste stream to be easily 
separated from the other materials. The autoclaving step also initiates the breakdown of 
cellulose fibres and food materials contained within the MSW stream. Once this is done the 
larger materials will, for the most part be recoverable in the form of segregated recyclates. 
Figure 5 shows the difference between these two streams after the biomass separation, 
biomass is on the left hand conveyor and recyclates on the right.  
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Figure 5: Separated Biomass and Recyclate Streams after Autoclaving 
 
The contaminated organic biomass is further segregated into wash water, containing soluble 
organic compounds and a concentrated cellulose pulp by the application of Fiberightôs 
proprietary washing process. An advantage of the washing process is that it also separates 
the small contaminants such as small pieces of plastic film, glass (both cullet and fines) and 
small pieces of metal such as bottle tops. Anecdotally this wet process is reported as being 
far more efficient than a dry segregation based system such as those used in MBT plants on 
the final compost-like output (CLO) residue. The contaminated biomass stream, and the 
separated contaminates can be seen in Figure 6  and Figure 7 . 
 

 
 

Figure 6: Contaminated Biomass Stream 
 
 
 
 
 
 
 
 
 

Figure 7: Separated Contaminant 
 
The cellulose in the cleaned pulp, which is shown in Figure 8  is then converted to soluble 
sugars using enzyme hydrolysis. 
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Figure 8: Cleaned Pulp Stream 
 
The objective of the design has been to produce a plant configuration where there is the 
minimum amount of human contact with the waste. It is also designed to be robust so that 
different feedstocks can be accommodated. Although some of the applications are 
innovative, the technology and unit operations are, in the main, industry standard equipment 
from established industries such as paper making and waste water processing. The use of 
this type of equipment minimises both scale-up and operational risks. The hydrolysis reactor 
at Fiberightôs Lawrenceville demonstration plant can be seen in Figure 9. 
 

 
 

Figure 9: Hydrolysis Reactor at Lawrenceville Demonstration Plant 
 
The process has already been described in section, Figure 4 and the proposed demonstration 
plant would include the following steps which have already been trialled at the Lawrenceville 
site: 
1 Incoming MSW Storage Hall.  Waste is received either directly from the kerbside 
collection or in bulk loads and is tipped onto the floor of the storage hall where it is 
inspected and any large inert materials such as tyres, fridges etc. are removed. The 
extracted materials are returned to the waste stream for recycl ing or landfill as appropriate.  
 
2 Feed Conveyor.  The MSW is placed on a feed conveyor to provide a consistent feed to 
the downstream processes. 
 
3 Bag Opener . This a slow rotating twin rotor shredder with a gap setting of 300mm 
which breaks open any bags that enter the system. 
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4 Sorting Belt. This is a manual picking station to allow the removal of the majority of the 
textiles from the process as this material has a negative effect on the performance of the 
autoclaving operation as textiles are often highly wat er absorbent and thus increase the 
required thermal load. 
 
5 Feed Bunker.  This is a walking floor device to provide intermediate storage between 
the feed system and the autoclaves. 
 
6 Autoclaves.  These are batch vessels that are filled with MSW and then heated via the 
injection of live steam. The temperature (and pressure) is raised to the point at which the 
organic content in the MSW breaks down to form a biomass pulp. 
 
7 Spray Condenser.  At the end of the cycle, the pressure is released from the autoclave 
via a spray condenser. The condenser recovers the heat from the process and provides an 
initial scrubbing of the off gasses to reduce odour in the plant. Excess steam condensate is 
blended with th e wash water feed to the AD plant.  
 
8 Trommel Screen. The screen separates the biomass (< 50mm) from the other 
recyclates (>50mm).  
 
9 Recyclate Recovery Plant. This is a standard MRF type plant with a series of screens 
and ferrous and non-ferrous separation equipment to allow the various recyclable materials 
to be recovered. 
 
10 Biomass Storage Bunker.  The bunker provides intermediate storage for the biomass 
prior to the washing system 
 
11 Weigh Feed Conveyor. This device provides a controlled feed to the washing system. 
 
12 Washing Tunnel.  The washing tunnel is the first element of the washing process and is 
a counter current continuous washing system. This element of the process extracts the 
soluble organic waste from the biomass in the form of a concentrated liquid.  
 
13 Fibre Screening. The second stage of the washing process dilutes the washed pulp, 
which then passes through a fine screen. The rejects from the screen which consist of small 
materials such as pieces of film, bottle tops etc. are then recovered.  
 
14 Screener R eject Conveyor. This conveyor dewaters the screen rejects and feeds this 
material back to the Recyclate Recovery Plant to recover any recyclable materials which may 
still be present. 
 
15 Dewatering Screw Press #1. This screw press recovers water from the dilute pulp 
stream. This also acts as a final washing stage for the pulp. 
 
16 Dissolved Air Floatation (DAF). The filtrate from the screw press is fed to a DAF 
separator. The DAF separates any fibre remaining in this stream which is returned to the 
screw press. The DAF also removes a ñheavyò fraction (glass / grit / other heavy insoluble 
material) which is sent for disposal. 
 
17 Mixing Vessel.  The separated and cleaned pulp is ñre-slurriedò to a low consistency (5-
8% w /w (moisture content on a wet weight basis)) sol ution in an acid environment.  
 
18 Pre -treatment System.  The cleaned Pulp solution is passed through a refining process 
where the fibre size is reduced. This is followed by a cooking step where the pulp is heated 
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in a controlled pH environment. These actions improve the accessibility of the pulp for the 
enzyme hydrolysis process. The heat that is introduced at this stage is recovered as pre-
heating for the Autoclave and washing processes. 
 
19 Dewatering Screw Press #2. After pre-treatment the pulp solution is dewa tered back 
to semi dry (45 -55% w/w) pulp.  
 
20 Enzyme Hydrolysis.  The pulp is fed into an enzymatic digester on a continuous basis. 
Up to 90% w/w of the cellulose in the fibre breaks down to soluble sugars.  
 
21 Solids Separation. The sugar solution is separated from the residual solids using a 
centrifuge and sent to the AD Blend Tanks. The residual solids stream consists of 50 w/w 
water and solids, which are predominantly lignin and biologically inert, inorganic salts such 
as Calcium Carbonate. 
 
22 Sugar Recovery.  The residual solids stream is the re-slurried with AD plant effluent to 
ensure maximum sugar recovery. This slurry is then pressed to remove the solids and the 
liquid fed to the AD Blend tanks. 
 
23 AD Blend Tanks. These tanks blend and hold the liquid feed stream to the AD reactors. 
This allows for any chemical adjustments (e.g. pH) to be made before the stream is fed to 
the AD plant. Feeds to these tanks include wash water and the post hydrolysis sugar rich 
streams. 
 
24 AD Reactors.  As the feed to the reactors is now a high COD soluble material, it is 
possible to apply relatively novel reactor design in the form of a high throughput Upflow 
Granular Bed Reactor. 
 
25 Primary Gas Clean -up.  The gas recovered from the AD reactor contains traces of 
harmful chemicals such as Hydrogen Sulphide that are removed in preparation for the biogas 
to be used for upstream processes such as electrical generation. If the gas is to be injected 
into the grid, additional processing will be installed to ensure  the gas meets the appropriate 
standards for this. 
 
26 Sludge Dewatering. A small amount of biomass (approx. 1% of COD into the system) 
is likely to be generated in the AD reactors. This biomass can be recovered and stored, 
either for use as a re-charge of the AD system in the event of a system failure or sold to 
seed other reactors. The recovered water is clean enough to be recycled back to the process 
in the washing plant. A small purge of the clean water to drain will alleviate any build -up of 
soluble salts in the water system.  
 
3.3 Process reliability 
 
One of the keys to success of this type of process will be process reliability. One of the main 
outputs from the operation of the Lawrenceville demonstration plant is that it gives Fiberight 
as unique opportunity to understand the manufacturing issues that occur when operating the 
process. It also allows process improvements to be tested at sufficient scale to ensure that 
they are robust prior to installation in full scale plants  
 
As previously stated the design of the UK plant will be very similar to the operation in the 
US, the only major differences being the increase in AD capacity to replace the ethanol 
fermentation and distillation sections of the plant. There is the added advantage that based 
on the current commercialisation plan; the UK plant start-up will lag the US plant by 6 -9 
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months. This will mean any design improvement identified in the start -up of the US can be 
incorporated into the UK plant design. 
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4.0  Feasibility Study outcomes  
 
4.1 Results of work previously undertaken 
 
4.1.1 Process potential 
 
In order to understand the energy recovery potential of the Fiberight process, the calorific 
values and BMP of key process streams were determined. These key streams are shown 
simply in Figure 10. 
 

Input Biomass

Clean Pulp

Wash Water

Hydrolysate

Post Hydrolysis

Solids

 
 

Figure 10 : Simplistic Representation of Fiberight Process 
 
A summary of the results is shown in  
Table 3 . Analysis by UoS determined that the calorific value of input biomass can be taken 
as 19.1 MJ/kg, while the calorific value of the wash water and hydrolysate c an be assumed 
to be negligible due to water content of these streams. However the cleaned pulp and PHS 
have a calorific value which represents 63.1% and 26.5% of the input biomass 
respectively34. 
 

Table 3: Potential Energy Recovery from the Fiberight Process 
 

Materials Units Biomass Wash 
Water 

Cleaned 
Pulp 

Hydrolysate PHS 

Input Potential        

Calorific Value MJ/kg 19.1  20.1  29.1 

Available Energy/kg feed MJ 19.1  12.1   5.1  

Potential Energy Available 
in Input Feed 

%   63.1%  26.5% 

Potential Energy Recovered  

Bio-methane Potential MJ 8.6 1.6 6.7 4.8 1.6 

Energy Yield Based on Total 
Available 

% 44.8% 8.4% 35.1% 24.9% 8.4% 

Energy Yield Based on AD 
Potential of Feed 

%  18.8% 78.4% 55.6% 18.8% 

 
 
The BMP tests carried out on the biomass, wash water, cleaned pulp, hydroysate and PHS 
streams (Table 3  and Figure 10 ) demonstrated the following: - 

                                           
34 These figures are not additive as the PHS is part of the cleaned pulp stream 
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Â 45% of the total calorific value of inlet biomass can be recovered as bio -methane by AD 

Â Of the 45% which is recoverable, nearly 20% is soluble (recovered from the wash water) 

and can therefore be digested very easily in EGB type technology. Conversely, 80% of the 

energy is insoluble, so requires a longer solids retention time in an AD process to allow 

hydrolysis of the solids to achieve recovery. 

Â The use of enzyme hydrolysis releases a further 55%35 of the total AD potential of the 

material into soluble material. This allows 75% of the total AD potential to be realised in 

AD processes with short retention times. 

4.1.2 AD reaction efficiencies 
 
Fiberight Ltd, have undertaken extensive laboratory scale trials at UoS which explored the 
performance of AD when processing the soluble COD feeds produced by the Fiberight 
process. These trials used two Up-Flow Anaerobic Sludge Bed reactors (UASBs), each with a 
capacity of 1 litre. These were operated on a continuous basis to simulate plant conditions. 
The input COD concentration was varied to assess the effect of COD loading on 
performance. Results from the experiments are shown in the figures below.  
 
 

 
 
 

Figure 11 : Showing the variation in COD loading over the days of reactor operation 
 
Figure 11  shows how the COD feed to the reactor varied. The target COD for the reactors 
was increased on a stepwise basis. Generally it was possible to increase the COD loading to 
achieve the targets; however there are a number of results which indicate that the COD 
loading did fluctuate significantly from the target at times.  
 

                                           
35 This is based on the use of economically viable quantities of enzyme.  
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Figure 12 : Showing the COD removal efficiency for different COD loadings 
 
Figure 12  shows the COD removal efficiency achieved throughout the trial. It can be seen 
that the COD removal remained at about 90% even with COD loadings of 20g/day. However 
once the COD loading was increased beyond this, the removal efficiency begins to drop and 
when the loading was increased to 26g/day, the reactor performance deteriorated 
significantly within 3 days operation. 
 
 

 
 
 

Figure 13 : showing the variation in methane yield with COD loading 
 
Figure 13  shows how the methane yield from the rea ctors varied with COD loading. 
Although the correlation isnôt particularly strong, both reactors exhibit a downward trend in 
methane yield with increasing COD loading. 
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Figure 14 : Bio-gas methane content 
 
Figure 14  shows that the methane content of the biogas produced falls slowly with 
increasing reactor loading, but is generally above 60% until the reactors star t to fail at high 
COD loading. The composition of other trace elements in the biogas (e.g. sulphur) 
mentioned in the bio -methane quality protocol was not measured. 
 
Fiberight needs to demonstrate that this performance can be repeated at larger scale in the 
demonstration phase of the project, in order to allow process guarantees to be issued by the 
technology vendor for the AD element of the Fiberight process.  
 
4.2 Mass and energy balance 
 
The model is based on a Process Flow Diagram (PFD) of the process, which is designed to 
optimise the recovery of soluble COD for destruction using AD. The PFD describes each of 
the major process unit operations and the input and output s treams from this unit operation 
 
The model has been developed using standard chemical engineering principles whereby each 
of the process streams feeding a unit operation are further subdivided to show the 
composition of the stream e.g. cellulose, hemi-cellulose, lignin etc.  
 
Figure 15  and Figure 16  shows the summary page for the mass movements in the plant 
and the energy consumption based on 250,000 tonnes/year of MSW input. 
 
This mass balance is a prediction of the performance of a plant based in the UK. The 
throughput has been given as kg/hr; a yearly throughput can be calculated based on this 
figure with allowance for maintenance / downtime as required.  
 
The model was then checked to ensure that variations in compositions within each stream 
balanced across the entire process. 
 
It should be noted that AD sludge production has been found to be approximately 1%/year 
of the biomass contained in the reactor, making this stream negligible in terms of the mass 
balance. 
 



 

 Fiberight    34  
 

 
 

Figure 15 : Mass Balance for Main Plant Input and Outputs 
 

Stream NoStream Name kg/hr Stream NoStream Name kg/hr

Primary Sort
101 Direct MSW 28,571    104 Initial QC Sort 411          

108 Trash Post Trommel 217          

Textiles Pick Post Trommel 1,852      

113 Ferrous from primary sort 460          

114 Non-Ferrous from primary sort 112          

116 Film from primary sort 1,619      

Total Input 28,571  Total Output 4,671    

Autoclave
Input ex primary sort 23,900    

902 Steam 7,522      207 Autoclave Venting -           

Total Input 31,422  Total Output -        

Secondary Sort
Input ex Autoclave 31,422    304 Film to pelletiser 711          

310 Ferrous metals 386          

311 Non-Ferrous metals 94            

313 PET recovered 317          

314 HDPE recovered 409          

315 PP recovered 295          

316 MRF Rejects 2,214      

PVC Rejects 58            

306 Destoner rejects 1,048      

Total Input 31,422  Total Output 5,532    

Washing
Input ex Secondary Sort 25,890    422 Ash from Filtrate 817          

412 Sand and Grit 233          

411 Floating debris from washing 549          

Total Input 25,890  Total Output 1,599    

Pre-Treatment System
Input ex Washing 24,291    

502 Steam 7,635      

Total Input 31,926  Total Outpt

Hydrolysis
Input ex Pre-treatment system 31,926    1106Post Hydrolysis Solids 6,206      

602 Enzyme Solution 141          

Total Input 32,067  Total Output 6,206    

AD Plant
Input ex Enzyme Hydrolysis 25,861    1001Biogas 3,744      

1004AD Sludge (negligible) -           

1013Water Purge to Sewer 22,162    

Total Input 25,861  Total Output 25,906  

Inputs Outputs
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Figure 16 : Energy Consumption for Plant 
 
A financial model was then added which consists of two elements, a capital equipment 
summary and a projected profit and loss. This allows the impact of process changes to be 
evaluated in terms of the impact of the financial performance of the plant.  
 
The model was then used to carry out sensitivity analysis both in terms of the key process 
variables as discussed in section 4.3 and as the basis for the cost benefit analysis in section 
6.0. 
 
4.3 Operational parameters and limitations 
 
4.3.1 Impact of input composition on the systemôs performance 
 
The potential range of the composition  of the input to the process was considered in detail 
having collected data on both residual MSW from the domestic waste stream and commercial 
waste; this is detailed further in section  2.2. 
 
Based on this data, a series of scenarios were run on the model to show both the technical 
and economic impact of variations in input composition. The ranges used were based on 
Welsh and Scottish government studies of composition of residual MSW36. 
 
The main variable altered was the amount of paper in the feed over the representative range 
of between RDF and commercial waste. This had secondary effects on the food and moisture 
content of the feed. The proportion of other materials in the feed were held constant. The 
impact of varying the proportion of paper in the feed o n the overall feed composition is 
illustrated in Figure 17 . 
 

                                           
36 Data from England is much less comprehensive so it will be assumed that the Welsh and Scottish data can be extrapolated to 
the whole of the UK  

Stream Name  Heat Load kW 

Wash Water Preheating 3,423                  

Autoclave Steam 4,974                  

Pre-treatment steam 5,048                  

Ash Dryer Steam 2,056                  

PHS Dryer Steam 6,385                  

Hydrolysis Water 329                      

Total 22,215                

Heating Loads
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Figure 17 : Input Compositions for Sensitivity Analysis 
 
This resulted in very little variation in the IRR for the base case volume of 250,000 tpa as 
shown in Figure 18 . 
 
 

 
 

Figure 18 : Impact of Feed Composition 
 
4.3.2 Variation in moisture content 
 
Another of the key elements of the composition of the waste stream is the moisture content. 
As waste is generally collected from the kerbside and therefore exposed to the ambient 
weather conditions there is potentially substantial variability, both regionally and seasonally 
 
Table 4  shows the variation in moisture content of the incoming MSW when the published 
figures for each of the waste streams is linked to the average composition of residual 
household waste in Wales37. This shows a range of between 23% and 47%w/w (wet basis), 
and depends upon the variability of the moisture content of the individual waste categories, 
as reported by Chester38. This spans the range reported confidentially by industry sources, at 
33%w/w (wet basis).  

                                           
37 These figures were compared with data from Scotland which gave no statistically meaningful difference 

38 A Comparison of the physical and chemical composition of UK waste streams, based on hypothetical compound structure 
Matthew Chester, David Stupples, Mike Lees 13th European Biosolids and Organic Resources Conference, 10-12 November 2008.  
http://eprints.whiterose.ac.uk/id/eprint/8548  
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Table 4: Moisture Content Variation in MSW Feed 
 

 
 
This range of moisture contents was divided in 10 scenarios that were evaluated using the 
model, at fixed mass input to the Fiberight process 39. Table 5  shows the range of input 
compositions used for these scenarios. 
 
 

                                           
39 Basis 250,000 tpa ï see base case below 

Wales data - Residual 

Household Waste

(Black Bag)

Residual 

household 

collected 

waste

mean 

moisture 

content

min 

moisture 

content

max 

moisture 

content

%w/w %w/w %w/w %w/w

Newspapers & Magazines 3.3 6.25 2.00 16.00

Other Paper 8.6 6.25 2.00 16.00

Cardboard 5.7 11.08 4.00 24.00

Plastic Film 6.0 11.31 4.00 24.00

Plastic bottles 1.7 7.50 1.00 18.00

Other plastic packaging 3.2 0.50 1.00 18.00

Other dense plastic 1.9 7.50 1.00 18.00

Textiles & footwear 4.5 7.04 0.20 28.00

Wood 1.0 55.16 30.00 80.00

Furniture 0.2 55.16 30.00 80.00

Disposable nappies 4.7 66.38 50.00 80.00

Other Combustibles 4.0 15.88 5.19 30.00

Packaging glass 3.5 2.25 1.00 4.00

Other glass 0.4 2.25 1.00 4.00

Rubble (C&D waste) 2.3 0.00 0.00 0.00

Other non-combustibles 1.5 0.00 0.00 0.00

Metal cans 1.8 4.50 2.00 9.00

Other metal 1.8 4.50 2.00 9.00

Food waste 30.0 66.38 50.00 80.00

Garden waste 3.3 55.16 30.00 80.00

Other organics 5.9 66.38 50.00 80.00

HHW 0.7 13.00 13.00 13.00

WEEE 1.5 14.11 6.00 25.30

Fines 2.6 14.49 5.47 41.00

Total 100.1
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Table 5: Composition Ranges used in Sensitivity Analysis 
 

 
 
 
 



 

Fiberight    39  

 

These figures for moisture content were used in the mass balance, however the definitions 
for waste types used in the mass balance are not the standard definitions and Table 6 
shows how the mass balance and standard waste definitions are related. 
 

Table 6: Incorporation of Standard Waste Definitions into Mass Balance 
 

Mass Balance definitions  Standard Waste Definitions  

Water Table 4 

Cellulose Newspapers & Magazines, Other paper, 
Cardboard, Disposable Nappies, Other 
Combustibles 

Hemicellulose 

Lignin 

Ash 

Organic insolubles  

Organic solubles  Food waste, Garden Waste, other organics 

Inorganic solubles    

Plastic  Plastic Film, Plastic Bottles, Other Plastic 
Packaging 

Metals  Metal cans, Other metals 

Glass  Packaging Glass, Other glass 

Textiles  Textiles and Footwear 

Trash Hazardous Household Waste, WEEE 

Wood  Wood, Furniture 

Grit Rubble, Other non-combustibles, Fines 

 
Figure 19  shows that the moisture content of the MSW will have a minor effect on the 
financial performance of the process, with the Internal Rate of Return (IRR) varying from 
just under 26% at low mois ture content, to just over 23% at high moisture content.  
 

 
 

Figure 19 : Impact of Moisture Content on IRR for Plant 
 
However to give this finding some context; if it is assumed that the rate limiting step in the 
process is the AD plant, then at moistures lower than target would theoretically result in gas 
outputs higher than the capacity of the plant being generated.  This can be seen in Figure 
20 . 
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Figure 20 : Impact of Moisture Levels on Gas Output 
 
If the MSW input is normalised against the gas output (i.e. decreasing moisture gives greater 
gas yields) the picture changes. The input volume would need to be increased to 
compensate for an increased moisture content and resulting fall in gas output . If a base case 
gas output is for 250,000 tonnes/year at 33% moisture; Figure 21  shows the achievable 
IRR for varying throughputs when the moisture content is taken as 46.5%.  
 
 

 
 

Figure 21 : Impact of Adjusting Input Volume to Match Gas Output Demand  
 
From Figure 21 , it can be seen that the throughput would need to be increased to over 
300,000 tpa in order to produce the equivalent quantity of gas. However, increasing the 
throughput would also increase the gate fee revenue of the plant and therefore the IRR 
would also increase. As a result, if a fixed IRR is required, the increase in throughput wou ld 

250,000

300,000

350,000
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30%
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Shortfall in gas vs base case

Impact of adjusting input volume to match gas output demand
Base case 250,000 tpa , 33% w/w moisture 

Case shown for 46% w/w moisture

Impact on IRR Input tons
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not need to compensate for the entirety of the gas production, so a decrease in gas 
production of about 14% could be accommodate while still achieving an IRR of 25%.  
The key when designing a full-scale plant will be to use a feed composition with relati vely 
low moisture as any error will then inevitably result in improved margins. This requirement 
has been incorporated into the design and costing for this plant.  
 
The current model assumption for the moisture content is 33 % based on the available 
evidence as detailed in Table 4 . This reasonably conservative but needs to be verified as 
any project progresses. 
 
4.3.3 Impact of enzyme loading and future developments 
 
Fiberight has been working with Novozymes for over five years and is now one of 
Novozymes key strategic worldwide partners. As part of this relationship Fiberight worked 
closely with Novozymes Research and Development Department in Franklinton, NC on the 
development of the Lawrenceville demonstration plant.  
The outcome of this work has been to jointly develop the required process conditions to 
effectively convert the cellulose rich pulps generated by Fiberight to sugars using 
economically viable enzyme loadings. 
 
When enzyme hydrolysis is studied, the sugars produced are a combination of glucose 
(hexose) sugars, which contain 6 carbon (C6) atoms which is produce from the hydrolysis of 
cellulose and xylan (pentose) sugars which contain 5 carbon (C5) atoms which are produced 
from hemicellulose. The hydrolysis conversion is a 2-stage process as the cellulose and hemi-
cellulose are first broken down to Glucan and Xylan which are the carbohydrate precursors 
for Glucose and Xylose. 
 
Due to the nature of the process it is i mportant to study these two types of sugars and their 
conversions separately as there are interactions between the two, i.e. the hemicellulose 
needs to be broken down to allow the cellulose t o be accessed. Based on composition 
analysis of the pulp produced it is made up of approx. 80% ce llulose and 20% hemicellulose. 
It should be noted that the AD process breaks down both glucose and xylose to produce bio -
methane. 
 
Figure 22  and Figure 23  illustrate the current conversion levels being achieved using pulp 
produced at Fiberightôs demonstration facility in Lawrenceville, VA40, i.e. 60% conversion of 
cellulose to glucose at the optimum enzyme loading. 
 

                                           
40 Results from Novozymes testing, Franklinton, NC  
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Figure 22 : Conversion of Cellulose to Glucose 
 
 

 
 

Figure 23 : Conversion of Hemi-Cellulose to Xylose 
 
From Figure 22 , it is apparent that greater conversion of cellulose (and thus bio -methane 
yield) can be achieved if more enzyme is added. However, this relationship is non-linear, and 
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a maximum conversion of around 80% of the cellulose on plant and 90% conversion in the 
laboratory uneconomic due to the high enzyme cost  
 
Based on the model evaluation, increasing the enzyme loading to maximise the yield of 
biogas has the effect of reducing the amount of PHS generated by 12% and increases the 
biogas output by 7%. However due to the fact that the enzyme efficiency decreases, the IRR 
also drops by 5.0%. 
 
Initial tests carried out on UK  derived pulp correlate well with the US figures. However 
Fiberight needs to demonstrate that this equivalence is robust and that results can be 
consistently achieved from pulp produced from UK residual MSW. 
 
Where there are significant potential gains to be made in the enzyme performance is in 
optimising the pre-treatment stages. Figure 22  and Figure 23  show the conversion 
achieved using pre-treatment techniques developed by Novozymes in their laboratory. These 
laboratory trials achieved a cellulose conversion of 75% at the optimum enzyme loading 
compared with the 60% conversion achieved on the Lawrenceville demonstration plant, this 
difference is believed to be due to more effective pre -treatment at laboratory scale. Work is 
currently underway in the Lawrenceville demonstration plant to bridge this gap which will 
have a significant effect on the IRR. The model developed for this project has been based on 
the lower conversion rates, however it is expected that higher conversion rates will be 
achieved by the time both the US and UK plants come on stream. 
 
All of these results are based on pulp generated from locally sourced MSW at Fiberightôs 
Lawrenceville demonstration facility. Although similar conversions are being achieved with 
pulp produced from the pilot plant at UoS, Fiberight needs to demonstrate that consistent 
equivalent results can be achieved from pulp produced from UK residual MSW at a scale 
larger than laboratory.  
 
4.3.4 Post Hydrolysis Solids (PHS) 
 
PHS is the solid residue remaining after enzyme hydrolysis. It is composed chiefly of lignin, 
inorganic solids, and any un-hydrolysed cellulose. In addition to the reduction in volume of 
PHS produced as a result of improvements in enzyme efficiency, one of the key drivers in the 
model is the financial value that has been attached to the Post Hydrolysis solids (PHS). It is 
assumed in the model that this final residue has a value as it has a high calorific value 
(Table 3) and would be a good substitute for biomass in a Biomass Energy Plant  
This assumption is only valid in the event that ñEnd of Wasteò (EoW) Certification can be 
achieved allowing PHS to be designated as a product rather than a waste and that the 
biogenic content can be confirmed allowing the recovery of ½ ROC41. 
 
While Fiberight believe that the processing necessary to prepare a homogeneous cellulosic 
fibre stream for enzyme hydrolysis will obviously also result in a homogeneous PHS stream; 
validating the assumption that this material can achieve End of Waste status and 
demonstrating that it is suitable for certain end markets is  key to the future  development of 
this technology 
 
If it is assumed that EoW can be obtained, then the value of PHS as a substitute fuel will be 
between £20 and £50 per tonne. The value used in the model is the low point  in the range 
(£20 per tonne). In the model the PHS is currently assumed to be a fuel product that 
requires drying. The capital cost and energy use for drying have been included in the 
evaluation. 

                                           
41 Combustion of renewable biomass attracts ½ ROC 
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Impact of PHS disposal on f inancial perfor mance  
Although the model assumes disposal of PHS as a fuel product, this has not been confirmed, 
and there are a number of potential alternative routes which would have an impact on the 
financial performance of the process. 
 
There are a number of potential  outlets for PHS which include: 

Â As a product, displacing recycled paper pulps at a value of £25 to £300 per tonne 

Â As a fuel product, as a value of £20 to £50 per tonne  

Â As SRF, with a disposal cost of £0 to £40 per tonne 

Â As an inert land remediation component, at a disposal cost of £10 to £15 per tonne  

Â Disposal to landfill at a cost of greater than £90 per tonne.  

 
As might be expected, such a wide range of positive and negative values for PHS has a 
significant impact on the project IRR, as shown in Figure 24. 
 

 
 

Figure 24 : Impact of PHS Disposal Costs 
 
However, even at worst case condition with disposal of PHS to landfill as waste, the IRR is 
still well above zero indicating that the process can still be operated profitably and will 
continue to generate a positive cash flow. 
 
Potential uses of PHS  
Given the significant impact of PHS value on the project IRR, it is worth revie wing the 
potential uses of PHS and the actions necessary to realise that value. 
Due to the clean, homogenous nature of PHS, it has a number of potential uses:  
 
PHS as a product  
The most profitable use PHS would be as a product; however as previously stated End of 
Waste criteria needs to achieved. Fiberight believe this should be possible as operating 
conditions for the enzyme hydrolysis are quite specific and much of the processing prior to 
this stage is necessary to ensure a homogenous feed for enzyme hydrolysis. Thus the PHS 
stream can also be considered to be homogenous and controlled. However this needs to be 
demonstrated to the satisfaction of the Environment Agency. There ar e a number of 
marketplaces where a PHS type product is currently being used such as:- 

Â Green strength product in bricks and Refractory products 

Â Viscosity modifier in Bitumen  

Â Moisture adsorption product (e.g. animal bedding)  
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The value of these products ranges from £25 to £300 per tonne. The issue with these 
markets is that they may not be able to sustain the full plant output either due to seasona l 
fluctuations or market size. 
However it is important to understand whether the PHS is suitable for these produc ts as 
even a small volume of sales of products at a value of >£100 per tonne will easily offset 
significant negative cost for the remaining material.  
 
To successfully finance a project Fiberight will need to demonstrate that a market exists for 
the use of PHS as an alternative to recycled paper pulp in these markets, and gather 
sufficient evidence of its consistency, homogeneity and potential environmental impact to 
achieve ñend of wasteò. 
 
PHS as a fuel  
There are two types of fuel that may displaced by PHS  
 
Direct Fuel Substitute  ï Within the EoW regulations, if it can be demonstrated that PHS 
can be directly substituted for a current fuel source, the material can be considered to be a 
product. The product would need to be tested for its biogenic content to determine whether 
it would qualify for ROCs, in which case, the output generated will attract either 0.5 ROC for 
electrical output or RHI for heat output. This gives the PHS a significant positive value in the 
market place. 
 
To date the PHS has been compared to types of coal as shown in Table 7 and it can be 
shown that in most criteria the PHS has similar characteristics if dried. The major concern at 
this moment would appear to be the levels of chlorine. These may be caused by small 
particles of polyvinylchloride (PVC) being broken down in the autoclaving process and 
passing through to the PHS. Fiberight need to demonstrate that a market exists for the use 
of PHS as a direct fuel replacement, and gather sufficient evidence of its consistency, 
homogeneity and potential environmental impact to achieve ñend of wasteò. 
 
Fiberight also need to demonstrate whether the chlorine content of the fuel can be reduced 
by changes to the process, and also whether the biogenic content of the PHS is sufficiently 
high to attract ROC, FiT, or RHI subsidy. 
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Table 7: Comparison of PHS with Coal 
 
Fuel Samples - Chemical Analysis Units PHS  Northumberland Lignite 

      Good Fuel Poor Fuel 

Calorific Value          

Total Moisture % 65.1  7.5  6.8  

Bulk Density Kg/m3 720   30.7    

Gross Calorific Value (as received) MJ/kg 8.79  33.2  16.7  

Gross Calorific Value (dry basis) MJ/kg 25.2  34.3  17.9  

Gross Calorific Value (dry ash free) MJ/kg 28.7  29.4  28.8  

Net Calorific Value (as received) MJ/kg 6.60  32.0  15.7  

Net Calorific Value (dry basis) MJ/kg 23.5  3.1  17.1  

Ash Content (as received) % 4.3  3.3  35.3  

Ash Content (dry basis) % 12.2  3.57  37.9  

Sulphur (db) % 0.14  0.16  0.16  

Sulphur (db) / GCV (db) g/MJ 0.06  0.05  0.09  

Fluorine %   -    < 0.01  < 0.01  

Fluorine (db) / GCV (db)         

Chlorine (db) % 0.58  0.04  0.08  

Chlorine (db) / GCV (db) g/MJ 0.23  0.01  0.04  

Mercury mg/kg < 0.3  < 0.3  < 0.3  

Mercury (db) / GCV (db) mg/MJ unknown  unknown  unknown  

Cd+Th mg/kg 0.70  2.20  2.60  

Cd+Th (db) / GCV (db)  mg/MJ 0.03  0.06  0.15  

V, Ni, Mn, Cu, Co, Cr, Pb, Sb, As, Zn mg/kg 607.60  385.90  351.10  

Metal (db) / GCV (db) mg/MJ 24.11  11.25  19.61  

Ash (db) / GCV (db) % 12.2  3.57  37.9  

Ash (db) / GCV (db) g/MJ 4.84  1.04  21.17  

 
As Specified Recovered Fuel (SRF)  - In the event that PHS is unsuitable be classified as 
a fuel replacement, it will certainly fall within the category of SRF as it is an extremely 
homogenous product with a high calorific value (if dried). The best applications for this type 
of product would be the Cement and Brick industries. If this designation is the best that can 
be achieved for the material then the cost of disposal will be b etween £ 0 and -£40 per 
tonne. Fiberight need to demonstrate that an outlet exists for the use of PHS as an SRF, and 
establish the likely pricing to be applied by those outlets.  
 
Use of PHS for land remediation  
An alternative route where EoW applies is the use of a PHS type product as a soil 
amendment or land reclamation product. In either of these cases the PHS would have to 
demonstrate that its appl ication to land is beneficial. As PHS contains several inorganic 
compounds, such a Nitrogen and Phosphorous, it may be that the material may be beneficial 
as a fertiliser. 
 
In addition, PHS could be applied to land in i ts wet state which would reduce the capital 
costs by approx. 5% and operating costs (7.5% of total operating costs, £15/tonne of PHS at 
60% moisture).  
The issues with this route are that this market is not reliable.  The material can only be used 
when the ground is suitable for application and the weather is fair. In order to be able to rely 
on this route, it would be important to have identified and contracted to supply sites and to 
have provision of suitable storage for the material when it cannot be used.  The cost of the 
storage will probably offset the  saving in the operating cost. The cost of disposal through 
this type of route is b etween -£5 and -£20 per tonne. 
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It might be possible to argue that the treatment process that has resulted in the PHS is 
analogous to those that produce compost from segregated waste, and so allow its 
application to agricultural land.  
 
Initial discussions with companies that specialise in this type of material disposal, based on 
the current analytical data, have been positive however, as with the fuel substitutes further 
work is required to clarify the nature and variability of the PHS  
 
However, this is a complex and uncertain process, and has been discounted as a potential 
outlet at this stage.  
 
Use as an inert t opping on landf ill  
This is a potential route as the PHS has, through the enzymatic conversion process, had any 
active biogenic material removed. If this case can be demonstrated the PHS could be 
disposed of at between -£10 and -£15 per tonne as a wet material. After taking into account 
the saving in operating costs this equates to a zero cost to the operation.  
Fiberight need to demonstrate that a market exists for the application PHS to land, and 
gather sufficient evidence of its consistency, homogeneity and potential environmental 
impact to achieve ñend of wasteò. 
 
Disposal as landfill w aste  
In the event that the PHS ha s to be disposed of directly to landfill, at a cost in excess of £90 
per tonne, the IRR for the projec t falls to 15%.  While this level of return is relatively positive, 
it is not sufficient to be attractive to potential investors, especially when an innova tive 
technology is concerned. 
 
4.4 Fiberight performance comparison 
 
4.4.1 Energy from waste 
 
The information in Table 3 demonstrates that the maximum energy recoverable fr om AD of 
the waste stream is 45% of the total calorific value of the biomass produced. 
 
Based on the current projections for cellulose conversion the plant will produce 33.3% of the 
maximum calorific value (being the BMP of the wash water and hydrolysate), wit h a potential 
to increase this recovery to around 40% if the enzyme conversion can be improved as 
discussed in section 4.3.3. So Fiberight has the potential to recover 6.33 MJ/kg. This energy 
will be recovered as biogas and injected into the grid.  
 
For incineration, the net calorific value of the biomass is still 19.10 MJ/kg as for the Fiberight 
calculation. However this figure has been calculated on a dry basis and biomass in the 
residual waste stream is known to contain water, which will have the effect of reducing the 
gross (or available) calorific value. This is not the case with the Fiberight process which 
accesses the bio-methane potential of the biomass in the presence of water 42. 
 
Assuming 40% moisture, gross calorific value recoverable from incineration = 11.5 MJ/kg.  
 
Typically energy recovery efficiency for electrical generation = 25% 43 
 

                                           
42 In incineration, some of the heat generated through combustion is used to evaporate the water present, reducing the amount 
of energy available for recovery. 

43 Range 14% to 28% http://en.wikipedia.org/wiki/Waste -to-energy 
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So the total energy recovered = 0.25 x 11.5 = 2.87 MJ/kg  
 
This equates to a recovery of 15% of the total available calorific value contained within the 
biomass material compared with 33.3% recovery in the Fiberight process.  
 
4.4.2 Food-based AD 
 
There is currently a drive to reduce MSW volumes through the development of source 
segregation of food waste from MSW44 and the recovery of energy through AD. The Fiberight 
process offers a number of advantages over this waste management methodology namely: 

Â This technology route only tackles the 20-25% of the residual MSW which is food waste, 

whereas the Fiberight process also converts the cellulosic element of the residual waste 

into useable energy. 

Â The current focus on waste minimisation has resulted in a decrease in food waste, which 

is the most dense element of the waste stream. These reduced volumes can mean that 

the collection radius required to achieve the required economies of scale increases 

significantly, adversely affecting the collection costs. 

Â There is a requirement for separate collection infrastructure and logistics to collect the 

food waste leading which can lead to additional costs 

Â The food waste can still be heavily contaminated leading to a requirement for the same 

level of pre-processing as a full MRF facility. 

This technology is seen as advantageous because, by collecting the food waste separately 
and carefully monitoring the input streams, an AD facility c an obtain End of Waste status for 
the digestate produced via the AD Quality Protocol. This status will allow the digestate 
material to be spread to land under certain conditions.  
 
Currently the best available technology for this type of process is continuous stirred tank 
reactor (CSTR). However AD reactors of this type are not particularly efficient in terms of 
conversion efficiency unless very high retention times are used. High retention times result in 
higher capital costs (due to the large volumes requi red) and higher operating costs (due to 
the power required to keep the volumes sufficiently agitated).  
 
4.4.3 MBT 
 
The principle of MBT technology is to concentrate the biogenic fraction45 into a separate 
stream which can then be composted to produce a product suitable for land remediation. 
This óconcentrationô is carried out using a ódirty MRFô to extract as much of the non -biogenic 
material as possible. The breakdown of the bio-genic material in composting reduces the 
mass by óaerobic digestionô and thus, liberating a proportion of the biogenic carbon in the 
form of carbon dioxide. The digestion process produces compost-like material which is 
usually contaminated with a small amount of plastic films and other materials depending on 
the efficiency of the dirty MRF. This product compost is then screened to produce a compost 
like output (CLO) which may suitable for land remediation and other non -agriculture based 
uses. It should be noted that in some cases the breakdown of biogenic material is achieved 
via an AD process which may allow for some recovery of biogas. 
 

                                           
44 Particularly in Wales and Scotland 

45 The Biogenic content of the feed is the unprocessed biomass element. So that once the material has passed through the 
autoclave, the biogenic content becomes biomass.  
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The CLO product represents approximately 70-80% of the initial mass of biogenic feed 
material. In addition this material has a relatively low or negative commercial value 46. 
 
The Fiberight process utilises the same approach at the front of the process, however once 
the biogenic fraction is isolated, the material is processed to recover the maximum amount 
of energy through the use of the liquid AD system. This energy is of significant value and is 
not recovered in any way in an MBT process. The final residue produced by the process is as 
little as 20% of the initial weight of input material and has potential value as a high calorific 
energy source. 
 
The biogenic output of an MBT plant (i.e the separated organic rich element produced prior 
to biological stabilisation) could be considered as a more refined version of autoclave input 
material in the Fiberight process. Therefore there would be not any significant technical 
hurdles to processing this type of material. Although the impact of moisture content (due to 
the removal of recyclates) on the density and loading characteristics of the autoclaves would 
need to be considered. However the financial implications of utilising an MBT output as a 
feedstock for the Fiberight process are not as simple. 
 
If an MBT plant wished to dispose of its biogenic fraction to a Fiberight plant, there would 
need to be a gate fee which reflected the loss of revenue from both the non -biogenic 
fraction and the recyclates that are generated by the Fiberight process. Based on these 
assumptions it is extremely unlikely that an existing MBT plant would divert m aterial to a 
Fiberight process. 
 
The more likely outcome is that Fiberight will work in partnership with companies who have 
MBT plants that are interested in retrofitting the Fiberight Process to use the biogenic 
fraction, However, due to resource constraints, it is unlikely that the development of these 
type of strategic agreements will occur before the initial commercial plant is b uilt so are 
omitted from the comme rcialisation plan at this stage 
 
4.5 Further development requirements 
 
Based on the assumptions used, the modelling undertaken for this feasibility study has 
predicted that the Fiberight  process is theoretically viable; however, the model has also 
highlighted a number of assumptions and data gaps in the work carried at the UoS and the 
Lawrenceville demonstration plant. To date, this research has either been based on a once-
through, batch operation or on the use of UASB rather than EGB technology. EGB technology 
has been used in the Lawrenceville demonstration plant but only on a restricted feedstock, 
primarily the wash water.  In order to more accurately assess those data gaps highlighted 
and to ensure the model is sufficiently robust for the UK market, Fiberight will need to build 
a demonstration facility capable of processing material on a continuous basis. The plant 
should be capable of processing material on a daily basis, with capacity for the AD effluent to 
be recycled into the process so that the effect on the washing, hydrolysis and AD processes 
can be carefully assessed. 
 
These and other objectives are discussed further in Section 7.3. 
 
  

                                           
46 Industry discussions 
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5.0  Legislation 47  
 
5.1 Relevant regulation and legislation requirements 
 
A bespoke permit will be required for the full -scale commercial plant due to the wide variety 
of wastes feedstocks and the complex nature of the process. This should be developed in 
consultation with the Environment Agency (in England, Natural Resources Wales in Wales 
and in Scotland, the Scottish Environment Protection Agency). 
 
The relevant agency will require the process to be broken down into key operational stages; 
estimates of the maximum quantities of material which are likely to be stored and processed 
on the plant; details of management or processes which will be required to ensure that 
contamination of input material with unwanted or hazardous items does not occur and 
details of any emissions which may arise from the plant operations and how these will be 
managed. 
 
5.2 End of waste 
 
A key factor for the economic viability of the Fiberight process will be the requirement fo r 
End of Waste48 status for various products produced by the process as shown in Figure 4. 
The products for which Fiberight would like to achieve End of Waste status are:- 

Â Bio-gas for grid 

Â Post Hydrolysis Solids 

Â Cleaned Cellulose Fibres 

Â Sugar solution (long term ï not considered in this report)  

There are 3 key tests to demonstrating a product is no longer a waste and these are 
discussed in more detail below for the F iberight products listed above. In the case of Bio-
methane, the Environment Agency is developing a Quality Protocol49 for this project which 
has just finished consultation. However the key criteria which are required for a Quality 
Protocol are in essence the same as those for End of Waste status. 
 
5.2.1 Markets 
 
Test: The waste has been converted into a distinct and marketable product.  
For this requirement, market demand for the  product must be demonstrated. It is not 
sufficient that a waste material can be converted into a product ï as there may not be a 
market for that product.  
 
There are currently a number of incentives in place from the UK Government designed to 
encourage investment in the production of biogas from AD plants. Of the various incentives 
which might be available for the process, Fiberight have determined that RHI for direct 
biogas injection into the grid is likely to be the most appropriate. The existence of these 
incentives is considered to be a good indication of the potential for th is market to continue to 
grow. 
 

                                           
47   At the time of writing the legislative information shown in the report is correct, but that over time it may be subject to 
change.   

48 http://www.environment -agency.gov.uk/business/sectors/124299.aspx 

49 http://www. environment-agency.gov.uk/aboutus/wfo/epow/124111.aspx  
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For post-hydrolysis solids, it is believed that this material will contain nutrients to enable the 
material to be used as a soil-remediation. WRAP50 estimates that 1.4 million tonnes of source 
segregated compost were produced in the UK in 2005/6.  Further information from WRAP51 
indicates that this market could continue to grow by 2 -3 million tonnes. 
 
This demonstrates that, as a minimum there is potential to use PHS in this market if EA 
approval to use this material in this end  market is obtained. 
 
In the case of cleaned cellulose fibres, Fiberight Ltd has already undertaken work 
investigating the potential markets available in the UK and Europe for similar material. This 
investigation concentrated on existing recycled paper markets and identified a potential 
144,500 tonnes/year demand in the UK with a potential 14, 000,000 tonnes/year in Europe. 
Discussions with potential users of these material indicated that there is significant interest in 
the use of these waste-derived fibres either as a wet pulp or as a dried product.  
 
5.2.2 Product end use 
 
Test: The processed substance can be used in exactly the same way as a non-waste. 
It must be possible to use the waste -derived end product in exactly the same way as an 
equivalent non waste-derived product. Obviously, a key factor to meeting this requirement is 
the selection of a comparable non waste-derived product. 
 
The Environment Agency is currently in the process of developing a Quality Protocol for Bio-
methane. Provided the quality of the bio-methane is the same, it can be used in precisely the 
same way as fossil methane. The current draft  quality protocol specifies the quality of bio-
methane that can be injected into the grid as shown in Table 8. 
 

Table 8 Specification for Bio-methane for Injection into the Gas Grid 52 
 
Property Limit (max)  

Sulphur containing compounds 

Total Sulphur 30 mg/m 3 

Hydrogen Sulphide 5 mg/m 3 

Inorganic gases 

Ammonia 20 mg/m 3 

Hydrogen Chloride 1.5 mg/m 3 

Hydrogen Fluoride 5 mg/m 3 

Halogenated Hydrocarbons 

Total Halogenated Hydrocarbons 1.5 mg/m 3 

Aromatic Hydrocarbons 

Xylenes (all isomers) 100 mg/m 3 

Metals 

Arsenic 0.1 mg/m 3 

 
Although Fiberight have measured the methane content of the biogas produced, Fiberight 
need to demonstrate that the gas produced from the Fiberight process, based on the 
feedstock mix proposed in the UK does meet, or can be cleaned sufficiently to meet thi s 
specification. 
 

                                           
50 http://www2.wrap.org.uk/downloads/Compost_market_assessment_report_ -_volume_2.a1a4f38a.6140.pdf 

51 http://www.wrap.org.uk/sites/files/wrap/Organics%20Market%20Situation%20Report%20Spring%202008.pdf  

52 http://www.environment -agency.gov.uk/static/documents/Revised_Draft_Quality_Protocol_for_bio-methane.pdf 
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While Fiberight have a reasonable understanding of the composition of PHS; sufficient 
evidence of its consistency, homogeneity and potential environmental impact needs to be 
gathered in order to demonstrate ñend of wasteò. 
 
In the case of  cellulose fibres, the selection of a comparable end product might be difficult 
and it is proposed to discuss this issue with the Environment Agency. The fibre properties 
will be similar to fibres used in recovered paper products such as insulation, stone mastic 
asphalt and pulped paper products. However these fibres are themselves recovered rather 
than virgin.  In addition, some manufacturers have indicated that receiving the fibres in a wet 
pulp would be preferable, however virgin cellulose fibres are not traded in this form.  
 
5.2.3 Environmental effects compared to virgin equivalent 
 
Test: The processed substance can be stored and used with no worse environmental effects 
when compared to the raw material it is intended to replace.  
 
The Quality Protocol currently under development for Bio-methane will be used as a basis for 
determining the quality and therefore potential environmental impact of the bio -gas 
produced in the Fiberight process. 
 
As mentioned above, Fiberight still need to undertake further tests to determine the precise 
composition of the PHS material in order to demonstrate its consistency, homogeneity and 
potential environmental impact, regardless of whether it is to be used as a product, fuel, or 
an aid to land remediat ion. 
 
Cleaning the cellulose fibres prior to the enzyme hydrolysis stage is vital to the Fiberight 
process in order that the enzymes operate efficiently and effectively. The presence of 
contaminants at this stage will lead to poor hydrolysis. Demonstrating that the fibres are 
consistently cleaned to the required standard should be relatively straightforward, but will  
still need to be demonstrated.  
 
5.3 Biogenic content 
 
In order for the final PHS to qualify as a biomass, and thus qualify for ROCôs, it has to be 
demonstrated that the biogenic content is higher than 95% w/w dry mass  
 
In order to do this Carbon 14 testing would be done of the PHS samples in accordance CEN 
15747 / EN15440. This analysis will confirm the biomass status of the material and allow for 
registration to be submitted by potential customers  
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6.0  Economic and Cost Benefit Analysis  
 
6.1 Detailed costings 
 
To carry out an effective analysis a base case had to be determined. A series of scenarios 
were run through the financial model to examine the imp act of changing the scale of 
operation. The range used was 200,000 to 300,000 tonnes per annum. This range was 
chosen as it is a reasonable size range for waste processing plants and delivers rates of 
return which are within the expected financial perfor mance for investment required. Usually 
a minimum IRR of 25-30% is required 
 
Figure 25 shows the increase in Internal Rate of Return (IRR) with increasing capacity of the 
plant. 
 

 
 

Figure 25 : Variation in IRR with Plant Capacity 
 
As can be seen from Figure 25 the improvement in the Internal Rate of Return expected is 
directly proportional to the increasing capacity and the relationship is roughly linear. This is 
because incremental increases in operational costs (such as labour) for this type of process 
are very small for the input tonnage range used. The costs are therefore significantly diluted 
as the capacity increases. 
 
The capital cost increase is also limited as much of the infrastructure of the plant is fixed; it 
is primarily the size of the vessels that drives the increase in cost. 
 

 
 

Figure 26 : Impact of Plant Capacity on Capital Cost of the Plant 
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Figure 26 shows the change in capital cost with plant capacity in terms of ca pital cost per 
tonne of input. This shows that in general the cost falls as the capacity increases, diluting 
the infrastructure costs.  
 
6.1.1 Plant capital costs and equipment constraints 
 
A preliminary, overall capital cost for a 250kte/yr has been esti mated to be about £60 
million. This cost should be regarded as preliminary at this very early stage of the project 
development. The cost includes capital equipment, land purchase, buildings, infrastructure 
etc. While this report discusses some of the elements incorporated into this estimate, a 
detailed breakdown of this cost is not provided in this report for reasons of commercial 
confidentiality. 
 
MRF equipment  
It is proposed that industry standard MRF equipment is used for the full -scale plant. It is 
important that equipment is slightly oversized to allow for input material variat ions once the 
plant is running.  The equipment costs also allow for any likely requirement from the 
Environmental Permit (such as ventilation; emissions reduction and waste water treatment)  
 
The equipment prior to the autoclave will be as simple as possible using primarily hand 
picking to remove materials from this inhomogen eous stream that are of no value later in 
the process. Once the waste has been treated in the autoclave, the stream becomes more 
homogeneous and human contact is minimised as much as possible. 
 
After autoclaving, it is vital to remove the biomass fraction as quickly as possible as this is 
the largest volume fraction (60 -70% w/w of the output) and can be far more effectively 
separated in the wet phase. 
 
The larger materials (primarily plastics) can then be processed at a relatively low throughput 
allowing automated equipment to be used effectively.  
 
e.g. for a 250,000 tonnes per year plant the volume of recyclates is expected to be less than 
20% of the incoming MSW weight after initial separation of the biomass, this equates to a 
production rate of around 6 t onnes per hour. Designing the sorting equipment to handle 10 
tonnes per year would give an excess of nearly 70% but would have very little incremental 
cost impact. 
 
Autoclaves  
The design of the autoclaves is a critical component as they operate on a batch basis and 
therefore the cost of increasing capacity increases on a stepwise basis. 
 
E.g. for a 30 tonne batch autoclave with a 1½ hour cycle time the maximum output is  
175,200 tonnes per year, allowing for 85% efficiency, the maximum throughp ut is 140,000 
tonnes per year. Utilising two autoclaves will therefore increase the maximum out put to 
280,000 tonnes per year. 
 
To ensure that the maximum COD output for the AD is achieved the autoclave sizing should 
allow for at least 20% overcapacity, so a capacity o f 224,000 tonnes per year has been used 
to trigger the requirement for an additional auto clave for the financial model. 
 
Washing , processing and hydrolysis  
The costs for the waste processing and hydrolysis areas of the plant are based on estimates 
that have been obtained in the US for the commercial scale plant that Fiberight are currently 
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designing. The total capital cost has been generated using the cost of plant items and then 
applying a set of factors to allow for installation 53. 
 
The main cost factor in this area is the volume of tanks (or reactors), particularly the 
hydrolysis tanks. To accommodate the potential variation in flowrate, due to fluctuations in 
feedstock composition, the hydrolysis reactor design has been based on a solids content of 
15%w/w. The rest of this system has been designed with 20% overcapacity. This allows the 
solids content of the hydrolysis reactor to be increased in the event that the input flow 
contains higher than expected cellulose levels. The net impact of this overdesign also has 
very little impact on  the overall capex of the plant  
 
AD plant costs  
Fiberight has examined the volume impact of changes in installed capital cost of the plant. 
This work correlated the cost of the AD plant as a function of t he daily COD loading. 
 
Figure 27 shows these results, it can be seen that once the size of the plant capacity exceeds 
50,000 kg of COD per day, the installed capital cost becomes constant even when the COD 
loading increases significantly above this value. This is due to the impact of the cost of the 
tankage becoming the dominant factor in the calculation.  
 

 
 

Figure 27 : Installed Capital Cost Variation with COD Loading 
 
When designing the plant, the net production capacity of the entire operation will ultimately 
be controlled by the capacity of the AD plant as the target will be to run at the maximum gas 
generation capacity of the AD plant. As discussed above, it is therefore imperative that the 
design of the upstream equipment can cope with input fluctuations such as changes in 
moisture and cellulose (see section 4.3 impact of changing operational parameters) to 
ensure that the AD plant is fully loaded at all times  
 
6.1.2 Plant operating costs 
 
The process based costs such as energy; chemicals etc. are based on the output from the 
mass and energy balances. 
 
The fixed operating costs have been estimated based on: 

                                           
53 This methodology is standard for the costing of process plant and there are several references which quote the factors to be 
used. 
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Â The experience of a full scale waste autoclaving facility for the waste processing element 

of the plant and  

Â Fiberightôs experience of operation of the Lawrenceville demonstration plant for the 

washing, hydrolysis and AD. 

Figure 28 below shows the breakdown of the operating costs for a full -scale plant. Initial 
preliminary estimates for the plant indicate that the direct variable costs would be of the 
order of £14.5 M/year and indirect costs about £6.5 M/year. Again, these figures should be 
regarded as very approximate at this early stage of the project.  
 

 
 

Figure 28 : Operating Costs Breakdown for 250,000 tpa Plant 
 
There are several key drivers within the operating costs that can be targeted; the disposal 
cost of the MRF residue being one example. This cost is taken in the model to be £92 per 
tonne based on current landfill costs. Depending on the make-up of this mat erial it should be 
possible to reduce this cost by developing the material into an RDF product as it will b e 
predominantly film plastics. This would reduce the cost to circa £60 per tonne with a 
potential saving of £800,000 per annum 
 
6.2 Other financial benefits 
 
6.2.1 Government incentives 
 
An assessment of the various Government incentives for the production of renewable energy 
has been undertaken. The conclusion is, since RHI is automatically applicable for processes 
that use AD to generate bio-methane for inject ion into the gas grid 54 and is protected and 
inflation linked for a period of 20 years from the point of registration, the Fiberight process 
should target this incentive over ROCs and FiTs. 
 
6.2.2 Recyclate value 
 
The expected recyclate stream produced by the Fiberight process can be further broken 
down as shown in Figure 29. It will be possible to sell some of these recyclates once they 
have been separated. 
 

                                           
54 https://www.gov. uk/government/uploads/system/uploads/attachment_data/file/48237/1393 -rhi-faqs.pdf 
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Figure 29 : Recyclate Stream Breakdown 
 
 
Metals  
The metals will be primarily ferrous and aluminium in the form of cans. The prices within the 
model of the ferrous and non -ferrous materials are £100 and £600. 
 
Plastics  
The operating conditions of the Fiberight process, as shown in the Lawrenceville 
demonstration plant produce a clean plastics stream which is easily recoverable and 
gradable. The prices of the major plastics are detailed in Table 9. 
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Table 9: Prices for Recycled Plastics 
 

Plastic MRW / WRAP Material pricing report55 WRAP Plastics Recovery Report56 

PET £50/tonne £150/tonne 

HDPE £120/tonne £500/tonne 

PP £120/tonne £500/tonnes 

PVC £20/tonne  

Plastic Film £80/tonne  

 
 
However the prices reported in the WRAPôs Plastics Recovery report are significantly higher 
than those reported in MRW and would generate a further £2,000,000 of revenue per year. 
There is a potential benefit if equipment was introduced to raise the value of the rigid 
plastics by producing a flake product which could be used directly by plastic product 
producers. The cost of the processing equipment is also contained with the Capex section of 
the model. 
 

 
 

Figure 30 : Recyclates Recovered from Lawrenceville demonstration Plant 
 
Textiles  
Due to the fact that the textiles are recovered from mixed waste it has been assumed that 
there is a negative cost (-£20 per tonne) associated with this output stream.  
 
Additional comments  
Whilst outside the scope of this report, it should be noted that the recyclate recovery 
revenue is an important part of plant income potentially representing 13% of revenue.  
Prior to commercialisation this area of the business requires further investigation to confirm 
the output pricing.  
Further work is also required on the development of a solution for textiles that transforms 
this to a positive value output.  
 
  

                                           
55 http://www.mrw.co.uk/journals/2013/05/28/v/x/p/MPR -may-2013-week-4.pdf 

56 A Financial Assessment of Recycling Mixed Plastics in the UK  

http://www.mrw.co.uk/journals/2013/05/28/v/x/p/MPR-may-2013-week-4.pdf
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7.0  Commercialisation requirements  
 
7.1 Feedstock sourcing 
 
7.1.1 Use of different feedstock streams 
 
In order for Fiberight to achieve financeable model for the construction of the process it may 
well be necessary to use a variety of feedstock sources particularly in the early stages.  
 
There are three main sources available:  
 
Residual MSW  ï this can be sourced from either local authorities or from large waste 
contractors who have contracts to dispose of this material. There are several considerations 
with this source of supply:  

Â Cannot secure long term contracts until the first full scale commercial plant is running  

Â The waste contractors are not likely to supply as it will divert the material from their own 

landfills 

Â There are some smaller waste management companies that do not have their own 

landfills, these companies would be specifically targeted by Fiberight as they are more 

likely to be interested in alternative disposal options.  

Commercial w aste  ï the commercial waste market is believed to be approximately twice 
the size of the household market57. This market is far more fragmented than the Residual 
MSW Market. The market is also dominated by short term contracts 
 
Refuse Derived Fuel (RDF)  ï This material is generally dry waste, which has been pre-
processed to recovery some of the recyclates. The final material is then recombined, baled 
and wrapped. The material is then sent for incineration either in the UK or Europe.  The 
material is higher in cellulose than standard MSW as it is primarily sourced from commercial 
waste which has generally not been exposed to any recycling. Some composition ranges 
have been given in section Error! Reference source not found. . The contracts tend to be 
or the total  output of an RDF producerôs plant and have a length of 2-5 years58 
 
7.1.2 Gate fees59 
 
Residual MSW  ï currently £ 80-100 per tonne 
 
Commercial w aste  ï This can vary depending on the size of the waste provider; for 
smaller outlets where the cost is the most critical element the gate fee is around £80 -85 per 
tonne; for contracts with larger companies where environmental stewardship is a commercial 
driver, a green premium may be available. For this type of customer a gate fee of £ 90 -100 
is obtainable. 
 
RDF60 ï This market can vary widely. The price appears to be between £50 and £ 80 per 
tonne ex works the processing facility. This is dependent on the location of the site relative 
to the user, and the gate feed requirements of the end user.  
                                           
57 The assertion seems valid in Wales according to data in the Collections, Infrastructure and Markets Sector plan. 
http://wales.gov.uk/topics/environmentcountryside/epq/waste_recycling/publication/cimsector plan/?skip=1&lang=en  

58 Based on discussions with both producers and consumers  

59 Figures based on current pricing, Landfill tax is continuing to rise to at least £80 per tonne, this will increase the potent ial 
gate fees  

60 Information supplied by Failand Paper Services Ltd.  
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Many of the larger incinerators in Europe have long term contracts for locally supplied waste 
at very high gate fees so can afford to subsidise ñtop upò tonnage with lower fees. Based on 
discussions with several producers and consumers, many of the longer term contracts for 
local waste are due to expire in the next few years.  This is likely to bring a significant shift 
in RDF market prices 
 
Fiberight has a potential advantage in this area as there is a cost of between £15-20 per 
tonne to wrap and bale the waste 61 which is not required for the Fiberight process.  
This would increase fee potential from this type of supplier  
Lower case - Current £50 + Bale and wrap costs = £  65 per tonne ex works  
Upper case - Current £ 80 + Bale and wrap costs =£100 per tonne ex works  
 
7.1.3 Size of the plant 
 
As discussed in section 6.1, the expected size of a commercial plant will require between 
200,000 and 300,000 tonnes per annum of feed material, with the financial evaluations 
performed at a base case of 250,000 tonnes per annum. 
 
7.1.4 Plant input material supply strategy 
 
Ideally, the facility would be underwritten with a long term supply contract  of residual MSW 
or C&I. However, securing such a contract is very unlikely for the reasons highlighted in  
Section 7.1.1, so it is felt that the initial start -up would be on RDF type product. It is likely 
that the initial contract for supply of this material would be for a period of 3 -5 years from the 
start-up of the plant. Ideally this would cover approximately 75% of the required plant input, 
with the rest of the waste sought from the comm ercial market on a spot basis. This would 
help demonstrate the suitability of the process for a wide variety of w astes, and so assist in 
securing future long term contracts for residual MSW and C&I waste. 
 
7.1.5 Impact of use of RDF in the plant 
 
To test the impact of the use of RDF the model input composition was altered to reflect an 
increase in cellulose content of 50% and the removal of most of the metal and glass from 
material, at a gate fee of £ 75 per tonne there is very little change in the IRR of the project 
however the input tonnage required to achieve this IRR was significantly lower at just over 
200,000 tonnes per annum62 (see section 6.0). 
 
When the gate fee was dropped to the lower end of market price (£55 net of transport was 
assumed) the IRR dropped to 18.5% which is below the likely threshold for an investor.  
In order to achieve a return of greater than 20% I RR, a gate fee of greater than £ 60 per 
tonne net of transport would be required  
 
Figure 31  shows the impact of RDF gate fee on IRR 
 

                                           
61 Failand Paper Services Ltd.  

62 Although the base case is for 250,000 tonnes/year, it is the intention that only 75% of plant capacity will be filled with RD F, it 
is proposed that the remaining capacity will be C&I waste.  
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Figure 31 : Gate Fee vs. IRR 
 
This assessment demonstrates that RDF can be substituted for residual MSW, but depending 
of the gate fee for the material, may result in a negative impact on the financial  performance 
of the process. It will therefore be imperative t o find sources of RDF that achieve an 
acceptable gate fee prior to starting the project.  
 
7.2 Sales projections 
 
Using the base case model for 250,000 tonnes per year of MSW the revenue streams for the 
plant are broken down as shown in Figure 32 . 
 

 
 

Figure 32 : Fiberight process income streams 
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7.2.1 Gate fee 
 
This model clearly shows that the most important revenue stream for the process is the Gate 
fee. The gate fee in the model is set at £75 per tonne which is below the landfill tax at the 
time that the facility will come on stream which is felt to be a reasonable case for a first 
plant where it will be necessary to attract waste from alternative di sposal routes 
By the time the plant is in operation the Landfill tax rate will be at £80 per tonne. Assuming 
the plant could generate a small premium to this value then a realistic long term gate fee 
might be £ 85 per tonne. This would add a further £3.5M to the base case model raising the 
IRR to 30% 
 
7.2.2 RHI 
 
The second largest contributor to the revenue is the RHI. The benefit of the gas injection / 
RHI approach is that gas injection is automatically eligible for RHI under the scheme rules. 
The tariff for RHI  is £0.068 /kWh th of gas63 based on the current published tariff.  
 
A key issue for this technology is the confirmation of the exact value of the RHI tariff at the 
time of financing as the facility cannot obtain the RHI tariff until the plant begins operatio n. 
The scheme is based on a process where this tariff can suffer degression if the capacity on 
stream exceeds the governmentôs target for a specific RHI approved technology. This leaves 
an element of uncertainty at the time of writing, but this appears to be small as the number 
of schemes that have been accredited is far below Government expectations. The latest 
published information indicates that there will be no degression applied for at least a further 
12 months64. 
 
Figure 33 below shows the current position vs. the degression thresholds 
 

 

                                           
63 https://www.gov.uk/ government/uploads/system/uploads/attachment_data/file/48237/1393 -rhi-faqs.pdf 

64 https://www.gov.uk/ government/statistical-data-sets/rhi-mechanism-for-budget-management-estimated-commitments 

https://www.gov.uk/government/statistical-data-sets/rhi-mechanism-for-budget-management-estimated-commitments















