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Abstract 9 

Trommel fines are a high-ash aggregate waste derived from material recycling 10 

facilities (MRFs) and are usually disposed in landfill. Increasing UK landfill tax and 11 

environmental concerns, however, calls for a flexible technology that can effectively 12 

process and extract valuable energy from trommel fines at high efficiencies. One 13 

possible technology is fast pyrolysis coupled to a combined heat and power (pyro-14 

CHP) plant. To determine the feasibility of such technology, an understanding of its 15 

economic characteristics is required, in addition to the technical details. This study 16 

presents an economic evaluation of a pyro-CHP plant processing three pre-treated 17 

trommel fines feedstocks for energy recovery over a 20-year period. The three 18 

feedstocks were designated as DPT (from initial size reduction), AW (from ash 19 

reduction by washing DPT with water) and AWS (from ash reduction by washing DPT 20 

with aqueous surfactant solution). Under all processing capacities (200 kg/h to 2000 21 

kg/h) total revenues from the pyro-CHP system were higher than landfill costs, but 22 

only became profitable at 2000 kg/h processing capacity for the DPT feedstock. 23 

Further analysis showed positive net present values (NPV) only for AW and AWS, e.g. 24 

at 2000 kg/h capacities, with payback periods of about 14 years compared to 35 years 25 
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for DPT at a fixed CHP efficiency of 60% and 20% internal rate of return (IRR). 26 

Sensitivity analysis carried out using different values of IRR and CHP efficiencies, 27 

confirmed the superior economic performance of the washed feedstocks over DPT, 28 

with payback periods reducing to about 6 years in some cases.   29 
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1.0 Introduction 49 

The application of thermochemical processing for energy, chemicals and materials 50 

recovery from solid wastes fits perfectly with the global goals of Circular Economy and 51 

Zero Waste (EU CEAP, 2020) . In particular, pyrolysis can be applied as an adaptable 52 

thermochemical technology to a range of heterogeneous wastes with high organic 53 

fractions such as municipal solid wastes (MSW) (Ates  et al., 2013), refuse-derived 54 

fuels (RDF) (Bosmans et al., 2013) and mixtures of plastic waste (Miskolczi et al., 55 

2013). Depending on the type of pyrolysis process, valorisation of heterogenous waste 56 

streams can be in the form of liquid products (pyrolysis oils) (Khan et al., 2016), low -57 

medium calorific value gas products (Zhou et al., 2015), and solid residues or char 58 

(Turan, 2020). For instance, fast pyrolysis is suitable for producing pyrolysis oils as 59 

the main product, which can be used as fuel or as feedstock for chemicals (Bridgwater, 60 

2012). In the UK, the application of pyrolysis and gasification technologies for MSW 61 

treatment is relatively in the early stages of commercial operations, compared to the 62 

more established plants operating in North America, Europe and Japan (UK DEFRA, 63 

2013).  64 

The driving factors behind recent developments in thermochemical technologies in the 65 

UK are; increasing landfill costs (as a result of the Landfill Tax) and the implementation 66 

of the Waste (Circular Economy) (Amendment) Regulations 2020 (UK CEAR, 2020), 67 

which originated from the EU Landfill Directive (CEC, 1999). The UK Government is 68 

also promoting Circular Economy by encouraging diversion of wastes from landfill 69 

through increased recycling. A type of waste of growing interest to operators of 70 

material (waste) recycling facilities (MRF) is trommel fines. This highly heterogeneous 71 

waste results from the trommel screens used during waste processing in MRFs and 72 

were previously destined for landfill disposal in the UK. In 2016, the UK Government 73 
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increased the associated landfill gate fees for trommel fines by a factor of 45 (from 74 

£2.5 per tonne to £115 per tonne), in a bid to encourage landfill disposal. This 75 

increased gate fees is applied on trommel fines with over 10% loss on ignition (LOI), 76 

following a standardised ashing test (UK HMRC, 2016). This has greatly increased the 77 

disposal costs for waste recyclers, who generate about 4.5 million tonnes of trommel 78 

fines each year and now seek alternative disposal routes. Trommel fines contain 79 

significant proportions of organic or combustible matter (>60 wt%, dry basis) as well 80 

as ash (Eke, Onwudili, & Bridgwater, 2017).  81 

The increase in landfill tax rate for trommel fines would mean that an MRF operator 82 

producing 40 tonnes of trommel fines per day will see their landfill tax bill increase 83 

from £25,000 per year to about £1.1 million per year (UK HMRC, 2014; Watts, 2016). 84 

In the UK  about 4.5 million tonnes of trommel fines are generated annually (UK 85 

HMRC, 2014), hence the disposal costs to MRF operators would be about £520 million 86 

per year. Therefore, extending fast pyrolysis technology to trommel fines may be a 87 

good valorisation route and results of such studies have been published recently (Eke, 88 

Bridgwater and Onwudili, 2020). These studies showed that significant pre-treatment 89 

was however, required to prepare trommel fines obtained from a UK-based MFR 90 

operator (Biffa Ltd) for fast pyrolysis in order to achieve high conversion efficiencies. 91 

The pre-treatment methods used in these studies included physical separation of 92 

visibly large stones, followed by grinding and sieving for size reduction (Eke, Onwudili, 93 

& Bridgwater, 2017). In addition, further wet treatment by washing with water and 94 

aqueous solution of surfactant was carried out on the dry pre-treated feedstock to 95 

reduce the ash contents (Onwudili, & Eke, 2020). 96 

Following the results from the fast pyrolysis of the pre-treated trommel fines feedstocks 97 

(Eke, Bridgwater & Onwudili, 2020), it has become important to carry out a simple 98 
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economic evaluation on the trommel fines-to-energy conversion process. This present 99 

study considered the economic aspects of a hypothetical integration of the trommel 100 

fines fast pyrolysis process with a combined heat and power (pro-CHP) generation 101 

system. The originality of this study was to present an economic performance model 102 

for the pre-treated trommel fines from the fast pyrolysis stage, based on the results 103 

from previously published experimental work (Eke, Bridgwater & Onwudili, 2020) to 104 

the hypothetical CHP system output.  105 

 106 

 107 

This work was designed to identify the major technical and economic parameters that 108 

influence the economic performance of the Pyro-CHP system, such as system scale, 109 

feedstock pre-treatment choice, fast pyrolysis conversion efficiency, CHP efficiency 110 

and Internal Rate of Return (IRR. This present work therefore contributes new 111 

knowledge to the field of waste-to-energy (WtE) engineering on the subject of 112 

economic assessment of trommel fines valorisation based on a robust performance 113 

model. The results of this work can provide valuable data for solid waste processors 114 

and policy makers to consider pyro-CHP as an option for the handling of growing 115 

problem wastes such as trommel fines. The conclusions of this study would highlight 116 

some of the economic realities involved in waste-to-energy projects for trommel fines. 117 

 118 

2.0 Methodology 119 

2.1 Overall structure 120 

In this section, the performance model formulation, the limits of the model scope and 121 

details of assumptions made relating to the technical aspects of the modelled system 122 

are presented. This model was based on the application of fast pyrolysis for energy 123 
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(electrical and heat) recovery from the pre-treated trommel fines feedstocks. In this 124 

case, the feedstocks and products have been evaluated on the basis of their calorific 125 

values (extractable energy contents). Three different feedstocks were prepared and 126 

used for fast pyrolysis, namely; feedstock from dry physical pre-treatment via size 127 

reduction and separation (DPT), feedstock from aqueous washing of DPT for ash 128 

removal (AW) and feedstock from aqueous washing of DPT with added surfactant 129 

(AWS) (Onwudili, & Eke, 2020). Table 1 shows the yields and calorific values of fast 130 

pyrolysis products (liquid, gas and solid residue) from the different trommel fines 131 

feedstocks prepared for fast pyrolysis. This present study considered the pyrolysis oil 132 

and gas products as vapour-phase fuels for direct use in a hypothetical CHP plant. 133 

 134 

Table 1: Pre-treated trommel fines feedstocks fast pyrolysis product yields and calorific 135 

values 136 

 DPT AW AWS 

 Yield 
(wt.%) 

 HHV 
(MJ/kg) 

Yield 
(wt.%) 

HHV 
(MJ/kg) 

Yield 
(wt.%) 

HHV 
(MJ/kg) 

Feedstock - 13.6 - 15.7 - 16.1 
Pyrolysis oil 19.6 26.9 36.5 26.3 34.8 27.7 
Gas 12.9 2.10 16.7 2.70 15.8 2.25 
Solid residues 52.1 4.10 31.7 4.31 33.5 3.43 
Reaction water 13.0 - 8.30 - 8.69 - 
a Conversion 

efficiency (, %)   

 
- 

 
41 

 
- 

 
64 

 
- 

 
62 

DPT - Dry pre-treated Trommel Fines; AW – Agitated Washing; AWS – Agitated 
Washing with Surfactant (Decon Neutracon); a from pyrolysis oil and gas only 

 137 

The model was constructed in three sections on an Excel spreadsheet and each 138 

section was represented by a tab (Patel, 2011). It enabled the estimation of the capital 139 

and operating costs of processing the feedstock using fast pyrolysis and the revenues 140 

that could be generated through the sale of electricity and heat at different system 141 

scales. The results were then compared to the cost of landfilling the waste based on 142 

current HMRC landfill tax rates. The cost and revenue values for the different plant 143 
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capacities were utilised in an economic evaluation for calculating the total investment 144 

repayment period.  145 

 146 

Delimitations: The starting point of the model was the upstream pre-treatment of the 147 

trommel fines feedstock. The end points of the model were: (1) the output of the 148 

electricity and heat from the engine CHP system and (2) the output of solid residue to 149 

the solid collection pot. The downstream use of the solid residues (ash and char) were 150 

not included in the scope of the model used.  151 

 152 

Base-case scenario: In this model, a base-case scenario was defined on the basis of 153 

the experimentally derived conversion efficiency of the dry pre-treated feedstock 154 

(DPT) from the fast pyrolysis stage to the theoretical liquid product utilisation for power 155 

and heat production. The yields and calorific values of fast pyrolysis products obtained 156 

from DPT (Table 1), showed that the energy contents of the large amounts of solid 157 

residues (> 33 wt%) were relatively small compared to liquid products, and would 158 

require a separate solid handling combustor to extract its energy. Hence, economic 159 

use of the solid residue for energy was considered complicated and therefore ignored 160 

in this work. Although, the increasing acceptance and use of pyrolysis solid residues 161 

(char, biochar and ash) for soil remediation is interesting and indicate potential 162 

economic value. Such uses have been shown to give benefits of heavy metals 163 

removal, improving soil enzymatic activities and the impacts of these on plant 164 

nutritional quality and antioxidant defence system (Turan, 2020). While the gas 165 

products also had low calorific values, they would be combusted the same stream as 166 

the vapourised liquid products in the CHP plant, hence, the gas products were 167 
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included. Therefore, in the present study, the liquid and gas products of fast pyrolysis 168 

were essentially hypothetically combusted in a CHP engine for energy production. 169 

 170 

Calculation methodology: Figure 1 displays the schematic of calculations used in the 171 

economic evaluation model for energy production (TAB 1). The calculations were done 172 

on a one-year basis as the nominal accounting period. Firstly, the process conversion 173 

efficiencies from Table 1 were incorporated into TAB 1, where the total calorific values 174 

(CV), total capacities, CHP efficiency factor, total available energy, units produced, 175 

selling price per unit of heat and electricity were determined and calculated for a period 176 

of one year, according to equations 1-7. 177 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑜𝑓 𝑓𝑒𝑒𝑑 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑒𝑑 (
𝑀𝐽

𝑦𝑒𝑎𝑟
)  =  178 

 𝐶𝑉 𝑜𝑓 𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘 (
𝑀𝐽

𝑘𝑔
) 𝑥  𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (

𝑘𝑔

ℎ
) 𝑥 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 (

ℎ

𝑦𝑒𝑎𝑟
) − − − −(1) 179 

 180 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑓𝑎𝑠𝑡 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑖𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (
𝑀𝐽

𝑦𝑒𝑎𝑟
)   = 181 

∑ 𝐶𝑉 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (
𝑀𝐽

𝑘𝑔
) 𝑥 𝑌𝑖𝑒𝑙𝑑 (

𝑘𝑔

ℎ
)  𝑥 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 ℎ𝑜𝑢𝑟𝑠 (

ℎ

𝑦𝑒𝑎𝑟
) − − − − − (2) 182 

 183 

𝐹𝑎𝑠𝑡 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑖𝑠 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 𝜂𝑝 = 184 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑓𝑎𝑠𝑡 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑖𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (𝑙𝑖𝑞𝑢𝑖𝑑 𝑎𝑛𝑑 𝑔𝑎𝑠) (
𝑀𝐽

𝑦𝑒𝑎𝑟)

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑓𝑒𝑒𝑑 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑒𝑑 (
𝑀𝐽

𝑦𝑒𝑎𝑟)
− − − −3 185 

𝑇𝑜𝑡𝑎𝑙  𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑟𝑜𝑚 𝑓𝑎𝑠𝑡 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑖𝑠 (
𝑀𝐽

𝑦𝑒𝑎𝑟
) =  186 

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑓𝑒𝑒𝑑 𝑝𝑦𝑟𝑜𝑙𝑦𝑠𝑒𝑑 (
𝑀𝐽

𝑦𝑒𝑎𝑟
) ×  𝜂𝑝 − − − − − − − − − − − − − − − −(4) 187 

 188 

𝑇𝑜𝑡𝑎𝑙  𝑒𝑛𝑒𝑟𝑔𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟(𝑀𝐽) =   189 
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𝑇𝑜𝑡𝑎𝑙 𝑎𝑣𝑎𝑖𝑎𝑏𝑙𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑟𝑜𝑚 𝑝𝑦𝑟𝑜𝑙𝑦𝑖𝑠 (
𝑀𝐽

𝑦𝑒𝑎𝑟
) × 𝐶𝐻𝑃 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑓𝑎𝑐𝑡𝑜𝑟, 𝜂𝐶𝐻𝑃 − (5) 190 

 191 

𝑇𝑜𝑡𝑎𝑙  𝑢𝑛𝑖𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑘𝑊ℎ) =   192 

 (
𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑀𝐽)

3.6
𝑀𝐽

𝑘𝑊ℎ

) − − − − − − − − − − − − − − − −(6) 193 

𝑇𝑜𝑡𝑎𝑙  𝑟𝑒𝑣𝑒𝑛𝑢𝑒 𝑓𝑟𝑜𝑚 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟(£)  = 194 

𝑇𝑜𝑡𝑎𝑙  𝑢𝑛𝑖𝑡𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 (𝑘𝑊ℎ)  × 𝑈𝑛𝑖𝑡 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒 (
£

𝑘𝑊ℎ
) − − − − − (7) 195 

 196 

TAB 2 was used to calculate annual gate fee revenue based on the different 197 

processing capacities for comparison. TAB 3 was used to estimate the capital and 198 

operating costs of running the fast pyrolysis plant at the different scales. The values 199 

obtained from TAB1, TAB2 and TAB3, were then fed into TAB4 to determine economic 200 

feasibility. 201 

 202 

2.2 General assumptions and limitations 203 

To carry out the above calculations, the following key assumptions were made; 204 

a) The base year for this study is 2014 as this was the year this research 205 

commenced.  206 

b) All data have been updated using an inflation rate of 3% to present costs in 207 

British Pound Sterling (Yang et al., 2017).  208 

c) The assumed annual plant operating time is 8000 h (Sinnott, 2005) and the total 209 

project life is taken to be 20 years.  210 

d) The fast pyrolysis process is incorporated in an existing MRF-type operation 211 

where energy-from-waste (EfW) is being added as an enhancement to the 212 

current capability. Thus, implying an assumption of zero feedstock 213 
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transportation cost to the energy production facility since waste collection and 214 

delivery would be provided by the customer. 215 

e) The DPT trommel fines fast pyrolysis systems are evaluated at four different 216 

capacities: 200, 600, 1000 and 2000 kg/h. For fast pyrolysis system exceeding 217 

this capacity, multiple reactor units are used (Yang et al. 2017) 218 

f) All the pyrolysis oil and gas produced in the pyrolysis system are used to 219 

generate electrical power and heat in a hypothetical CHP plant, which will be 220 

sold through the grid and heating networks. The costs of setting up a network 221 

through which the electricity and heat could be distributed have not been 222 

considered because it is assumed that the end customer would be in the same 223 

area where energy production is taking place. 224 

g) The trommel fines landfill cost was assumed to be £115/tonne while the gate 225 

fee cost was assumed to be £100/tonne (Letsrecycle.com, 2020). This gate fee 226 

is paid to the trommel fines processors within the plant to avoid landfill gate 227 

fees.   228 

h) The cost of the Decon Nutracon Surfactant was £8/L and its usage in the work 229 

was at a rate of 7.5 ml/tonne of feedstock (i.e. £0.06/tonne). 230 

i) The washing water is assumed to be 100% recycled using a dedicated 231 

equipment (Wet Separator MM S2000-300); so, cost of this utility is very small 232 

compared to the capital cost of the equipment.  233 
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 234 

Figure 1: Structure of economic evaluation model indicating TAB1 created and used in Microsoft Excel Spreadsheet  235 
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To clarify, it is assumed in the economic evaluation model that the EfW facility would 236 

be integrated in the MRF and that the end customer, typically, a manufacturing 237 

process would consume the energy on a permanent basis (Lima, 2014). 238 

 239 

2.3 Specific assumptions  240 

a) The conversion efficiency of the fast pyrolysis process was calculated using 241 

Equation 3 and presented in Table 1. 242 

b) The pyrolysis oils produced from the trommel fines feedstock are assumed to 243 

have consistent quality in terms of yield, calorific values and combustion 244 

characteristics at the different scales used in this economic analysis. 245 

c) The efficiency of the CHP was assumed to be 60% (Carbontrust.com, 2018) for 246 

both heat and power, except for Section 3.3, where different CHP efficiencies 247 

were used for sensitivity analysis. 248 

d) The electricity selling price (to the distribution grid) is taken as £0.055/kWh. The 249 

selling price for heat is taken to be £0.0349/kWh (UK DECC, 2015).  250 

e) The total revenue per year is the sum of the revenue resulting from the sale of 251 

electricity and heat and the revenue resulting from gate fee charges.  252 

f) Table SI1A shows the capital cost estimates used for the various pieces of 253 

equipment, with the different data sources indicated. 254 

 255 

2.4 Capital investment  256 

The capital investment was calculated as a total plant cost (TPC), which included both 257 

direct costs (installed equipment) and indirect costs (engineering, design, supervision, 258 

management, commissioning, contractor’s fees, interest accrued during construction, 259 

contingency) plus interest rate (Bridgwater et al., 2002). The baseline equipment costs 260 
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of the fast pyrolysis system components used in this work were derived either from the 261 

cost estimates for the equipment available at the Aston University demonstration plant 262 

(i.e. the 1 kg/h fast pyrolysis reactor) or from the cost estimates provided by 263 

commercial suppliers or manufacturers (Yang, 2014; Anonymous, 2015). Traditionally, 264 

EfW projects attract high risk, which is then reflected in high interest rates (the 265 

technology is considered less proven and energy yield is very sensitive to fluctuations 266 

in chemical and physical properties of feedstock). Furthermore, there is a lack of pilot 267 

facilities that could assist with technical performance data. Therefore, based on work 268 

in literature for similar economic studies and the risk on capital investment, an interest 269 

rate of 20% has been used in this study (OECD/IEA/NEA, 2015). 270 

 271 

In this study, the TPC was chosen to be 1.69 times the direct plant cost (DPC) to 272 

include increments for engineering design and management overheads costs a 273 

contingency element, commissioning costs, contractor’s fees and interest during 274 

construction (Rogers et al., 2012). The direct plant cost (DPC) was the sum of 275 

equipment costs (EC) of major components involved in the pre-treatment of the 276 

trommel fines, the fast pyrolysis process plant and the CHP plant, delivered to the 277 

plant gate. In addition, a number of multiplication factors to include increments for 278 

instrumentation, piping, erection and ducting, associated electrical equipment, 279 

structures and buildings, civil works and laggings. In this study, the DPC was chosen 280 

to be 3.5 times the equipment cost (EC) (Rogers et al., 2012).  281 

Furthermore, the capital repayment produced a calculation of the Net Present Value 282 

(NPV) of the project. This is the sum of the present values of the annual net cash flows 283 

over the lifetime of the project (Equation 8). This value is used to establish the 284 

relationship between the process conversion efficiency and number of years 285 



14 
 

necessary to repay the capital investment. These values will be varied in the scenario 286 

analysis and the results of this are presented in Section 3.3. The validity of this model 287 

can only be confirmed by comparison with actual cost data for installed plants, but 288 

there are few operational fast pyrolysis plants in the world which can be used as 289 

reference plants for model validation (Lima, 2014). 290 

NPV = ∑
NCF

(1+r)n − − − − − − − − − − − − − − − − − − − − − − − − − −(8)n
0291 

       292 

Where: NPV = Net present value; NCF – Net cash flow; r = interest rate; n = number 293 

of years 294 

 295 

2.5 Operating costs 296 

In process plants, operating costs are typically split into maintenance, utility and labour 297 

costs, respectively. These are the ongoing costs incurred from plant operation and are 298 

represented as annual costs (Lima, 2014). These values will be varied in the scenario 299 

analysis and the results are presented subsequently in Section 3. 300 

 301 

2.5.1 Estimation of maintenance and overhead costs 302 

The annual maintenance costs and overheads costs (including insurance, rent, taxes 303 

etc.) are typically calculated as a percentage of TPC per annum. In this study, values 304 

corresponding to 2.5% of TPC and 2% of TPC for plant, were used for maintenance 305 

and overhead costs, respectively (Lima, 2014). 306 

 307 

2.5.2 Estimation of utility costs 308 

Utility costs in process plants, typically incorporates mainly electricity and total water 309 

usage. In this work, the electricity consumed by the fast pyrolysis and CHP system 310 
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was imported from the grid, to ensure stable operation of the plant. According to 311 

Bridgwater et al. (2002), electricity consumption for a fast pyrolysis and engine plant 312 

was estimated to be 36.8 kWh/tonne of wood feedstock. The average electricity price 313 

for non-domestic consumers was assumed to be the 2014 rate of £0.1001/kWh (UK 314 

DECC, 2015).  315 

 316 

The water utility cost included the cost of water usage (a fixed amount plus metre 317 

reading) and surcharges for sewerage and effluent treatment. In this study, the water 318 

consumption was based on mainly cooling requirements for the pyrolysis system and 319 

steam generation in the CHP plant. For the cooling requirements, it was estimated to 320 

be 17 m3/tonne of DPT feedstock (Bridgwater et al., 2002) used in the fast pyrolysis 321 

process. For the washed feedstocks, an additional 0.1 m3 of water per tonne was used, 322 

giving a total of 17.1 m3 water usage for the fast pyrolysis of recovered wet physically 323 

pre-treated trommel fines (AW and AWS) feedstock. In line with industry standards, 324 

an approximate water cost of £2.80/m3 is used here, based on an average value 325 

combining the costs of water utility and process wastewater disposal (Yang et al., 326 

2017). A surfactant cost was of £0.06/tonne of feedstock added to the AWS trommel 327 

fines fast pyrolysis, based on an experimental usage of 0.001 m3/tonne of recovered 328 

feedstock. 329 

 330 

2.5.3  Labour cost 331 

There is no established model for staffing levels on fast pyrolysis – CHP process. In 332 

this study, the staffing level was adapted from Yang et al., (2017) due to the similarities 333 

in system capacities. The staffing requirements of a day team and a shift team were 334 

considered. The day team included the plant manager and technician, and the number 335 
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of staff required depended on the load of management work and any maintenance 336 

and support contracts in place. The shift team members included the plant operators 337 

and their supervisor, and the number of staff required also depended on the number 338 

of equipment items to be operated (Yang et al., 2017). The annual labour cost was 339 

assumed to be £46,680 per employee, based on the average wage for employees in 340 

the electricity industry (Rogers et al., 2012). Table SI1B in the Supplementary 341 

Information shows the estimated labour requirement for the process. 342 

 343 

3.0 Results and discussion 344 

The results of these situations were discussed based on their economic effects on 345 

capital cost repayment period for processing DPT using the hypothetical pyro-CHP 346 

system and used to determine the minimum processing capacity of the system. The 347 

fast pyrolysis system would require fabrication by contractors and when considering 348 

scale-up, account must be taken of the upper limit of reactor capacity for a single unit. 349 

For the reactor used in this study, this limit exists because in the current design, the 350 

reactor is externally heated at the reactor wall. Moreover, the heat demand for 351 

pyrolysis is proportional to the reactor volume due to the poor thermal conductivity of 352 

municipal solid waste, which ranges from 0.86 – 1.32 W/mᵒC (Nocko et al., 2020). 353 

When the reactor exceeds a certain scale, the reactor may be unable to transfer 354 

sufficient internal heat for the pyrolysis reaction. Therefore, 2000 kg/h was assumed 355 

as the upper processing limit of a single fast pyrolysis reactor.  356 

The sensitivity analysis compared the use of dry and wet physically pre-treated 357 

trommel fines (DPT, AW and AWS) as feedstocks for the pyro-CHP system at the 358 

2000 kg/h optimum processing capacity to examine the impact of ash reduction on 359 

economic performance. A plant life of 20 years was selected as the point at which the 360 
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facility was most likely to breakdown. Commercial CHP plants can have lifespans of 361 

20 - 30 years (Hammond, McManus and Kelly, 2014; Kumar, Ahmadi and Rajak, 362 

2020). Therefore, a scenario that would result in a repayment period longer than 20 363 

years would be unfeasible.  364 

 365 

3.1 Energy revenue, capital and operating costs for DPT pyro-CHP energy 366 

system  367 

In this study, energy production reflected the energy that could be theoretically 368 

generated as electricity and heat from the pyro-CHP system using the trommel fines 369 

feedstocks. The energy produced was used to calculate the revenue per year through 370 

a series of fixed factors as indicated in Figure 1. The calculations translated the energy 371 

produced into an economic context providing values for revenue per year which were 372 

then used to determine the feasibility of the scenarios analysed (Lima, 2014). The 373 

integrated Pyro-CHP system characteristics for DPT feedstock and the results of the 374 

calculated energy production potential and annual total revenue (combined electricity 375 

and heat output) at different waste processing capacities (200, 600, 1000, 2000 kg/h) 376 

are shown in the Supplementary Information (Table SI2), along with the calculated 377 

costs of landfilling the DPT trommel fines. In addition, the baseline data for capital and 378 

operating costs associated with running the facility at different processing capacities 379 

are provided in Table SI3 (Supplementary Information). 380 

 381 

Figure 2a shows that the total energy revenue potential (combine electricity and heat 382 

output) per year was consistently greater than the yearly landfill cost for DPT trommel 383 

fines  at all processing capacities evaluated (200, 600, 1000, 2000 kg/h). The potential 384 

energy revenues were higher than landfill costs by 16.7%, 18.2%, 20% and 22.2%, 385 
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increasing steadily from 200 kg/h to 2000 kg/h processing capacities, respectively, 386 

indicating the pro-CHP could give cost savings, with potential economic benefits over 387 

landfills. The increasing percentage of energy revenues with increasing processing 388 

capacities may indicate that the project could benefit from economies of scale. In EfW 389 

plants, the cost per tonne of build and operate a large facility (up to about 300,000 390 

tonnes per year) have been reported to be cheaper than a smaller facility (Warrell and 391 

Terrell, 2017). The maximum processing capacity of 2000 kg/h (16000 tonnes per 392 

year), used in this present study, is within the range recommended for medium-sized 393 

plants for the provision of local heat and power in industrial sites (Hornung, 2013).     394 

 395 

However, the annual operating cost  associated with running the facility at the different 396 

capacities evaluated was greater than the total energy revenue at 200, 600 and 1000 397 

kg/h processing capacity as can be seen in Figure 2b. It can be observed from Figure 398 

2b that the differences between the operating costs and revenues steadily became 399 

smaller with increasing process capacities, such that at the 2000 kg/h capacity, total 400 

revenues outstripped the operating costs by a  margin of 28%. The main difference 401 

appeared to be the relative labour and utility costs for the different processing 402 

capacities (Table SI3). Indeed, at system scales less than 1000 kg/h of DPT 403 

processing capacities, the utility and labour cost combined were together greater than 404 

the total annual revenue generated. Even though the minimum labour requirements 405 

were estimated for each capacity, labour costs accounted for 75.3%, 65.2%, 55.7% 406 

and 41.8%, respectively, of the annual operating costs in order of increasing plant 407 

capacities. In contrast, utility costs expectedly increased with increasing process 408 

capacities from 12.6%, 24.6%, 33.8% and 47.4 % of the operating costs. However, 409 

these analyses showed the benefits of economies of scale including with respect to 410 
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labour requirements and therefore, the potential impact this can have on economic 411 

performance of EfW plants (Warrell and Terrell, 2017).  412 

 413 

Although, in small-scale EfW plants it is probable that the total labour costs could be 414 

reduced by sharing labour between the steps and between adjacent facilities (Lima, 415 

2014). However, for this study, the current labour requirements have been left at their 416 

original values to align with expected higher labour requirements in early 417 

demonstration plants compared to established plants (Bridgwater et al., 2002). This 418 

was an early indication that the DPT trommel fines fast pyrolysis plants might not be 419 

feasible at processing capacities less than 1000 kg/h due to the high operating cost, 420 

mainly, the high utility and labour costs (Figure SI1). 421 

 422 

The capital investment cost, operating costs and total revenue per year for the DPT 423 

trommel fines fast pyrolysis plant at different waste processing capacities were used 424 

to calculate the net present value (NPV) at 20% capital investment internal rate of 425 

return (IRR). This represented the sum of the present values of the annual net cash 426 

flows over the 20 years lifetime of the plan, i.e. the result of the total annual revenue 427 

excluding the total repayment . The NPV obtained were then applied to the repayment 428 

period calculation, which revealed that the processing of DPT was not feasible at 429 

scales up to 2000 kg/h processing capacity, as shown in Figure 2c. The non-feasibility 430 

of the DPT processing at these processing capacities was therefore, attributed to the 431 

high operating costs associated with running these smaller facilities as previously 432 

mentioned (Figure 2b). However, it would be interesting for future studies, to see 433 

whether NPV values would become more favourable at larger commercial scales (up 434 
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to 300,000 tonnes per as a consequence of economies of scale, considering that other 435 

processing costs would also increase.436 
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 437 

 438 

 439 

 440 
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 441 

Figure 2: Comparison of economic data for DPT trommel fines at different capacities (a) total annual revenue from hypothetical pyro-442 

CHP system   and land fill cost ; (b) total annual revenue from fast pyrolysis  and operating costs ; (c)  cumulative present value 443 

(Cum. PV) 444 
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3.2 Effect of feedstock pre-treatment method on energy revenue, operating 445 

costs and economic evaluation 446 

The results of the technical characteristics of the hypothetical Pyro-CHP system using 447 

the dry and wet physically pre-treated trommel fines feedstocks (DPT, AW and AWS) 448 

are provided in the Supplementary Information (Table SI4), along with calculated 449 

landfill costs. The results are based on the calculated energy production potential and 450 

total revenue per year (combined electricity and heat output) at 2000 kg/h processing 451 

capacities. In addition, baseline data for the capital and operating costs associated 452 

with running the facility for each pre-treatment process are given Table SI5. 453 

 454 

Figure 3a below shows that the total annual revenues  (combine electricity and heat 455 

output)  for all the pre-treated trommel fines feedstocks were greater than their 456 

potential landfill costs at 2000 kg/h processing capacity. The results indicate the 457 

influence of the ash reduction operation prior to the fast pyrolysis of the feedstocks. 458 

Table 1 shows that the highest process conversion efficiency was obtained with the 459 

AW trommel fines sample (64%), closely followed by the AWS sample obtained by 460 

washing the PT with 1% Decon Neutracon at 62% (Table 1). Hence, similar total 461 

annual revenues were obtained when AW and AWS were processed, with each being 462 

at least 25% higher than revenues from DPT.  463 

 464 

The annual operating costs associated with running the 2000 kg/h Pyro-CHP facilities 465 

for all three pre-treated trommel fines feedstocks were found to be lower than their 466 

total annual energy revenues as can be seen in Figure 3a. However, the operating 467 

cost increased slightly with the wet physically pre-treated feedstocks with AWS having 468 

the highest operating costs due to the use of surfactant in the ash reduction operation 469 
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(Table SI5). The increasing operating costs associated with AW and AWS energy 470 

recovery systems were related to the slight increase in process water cost items of the 471 

total utility costs as can be seen in the Supplementary Information (Figure SI2). 472 

However, for all three feedstocks, utility costs could further be reduced via system 473 

integration as being proposed in this study. For instance, a significant amount of utility 474 

have been accounted for from the cooling of the pyrolysis vapours to condense the 475 

liquid products during the experimental fast pyrolysis carried out in this research, in 476 

order to have a complete picture of the present situation. Whereas, in an integrated 477 

pyro-CHP plant, the pyrolysis vapours would be directly combusted without the 478 

quench-condensation stage that requires cooling duty (cooling water, in this case), 479 

thereby avoiding the associated utility costs. However, it is important to note that such 480 

integrated systems will require additional operations such as hot vapour filtration and 481 

aerosol precipitation (Hornung, 2013) to condition the pyrolysis vapours for the CHP 482 

engine.  . It is therefore suggested that the influence of the afore-mentioned reduced 483 

utility costs as well as the additional costs of pyrolysis vapour conditioning be 484 

considered for incorporation into future  economic studies of this type of EfW system 485 

as more data become available.. 486 

 487 

It has already been established in Section 3.1 that processing the DPT feedstock using 488 

the hypothetical Pyro-CHP system was not economically viable even up to  2000 kg/h 489 

processing capacity. However, the effect of ash reduction on pre-treated trommel fines 490 

fast pyrolysis process can be seen in Figure 3b, which shows that the NPV increased 491 

with the AW and AWS feedstocks, such that AW gave the highest NPV over the 20-492 

year lifetime of the project. 493 

 494 
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The slightly positive NPVs NPV for AW and AWS feedstocks resulted in a reduced 495 

capital investment repayment period with AW having the shortest repayment period of 496 

14 years (Figure 3b).  In contrast, the repayment period for the pyro-CHP system 497 

powered by DPT would take 35 years, which is 2.5 times longer compared to AW and 498 

AWS. Therefore, processing DPT at 2000 kg/h, 60% CHP efficiency and 20% IRR on 499 

capital investment resulted in a negative NPV and remained unviable within the 20-500 

year project lifetime. These results suggest that wet pre-treatment of the trommel fines 501 

was an effective method to improve the feasibility of the energy recovery process by 502 

enhancing calorific values and making the feedstock more suitable for fast pyrolysis 503 

(Eke, Onwudili and Bridgwater, 2020; Onwudili and Eke, 2020). However,  the results 504 

work also suggest that washing the feedstock with water alone for ash reduction, was 505 

as effective as washing it with a 1% aqueous solution of a surfactant (Decon 506 

Neutracon), since both washing methods gave similar total capital repayment periods 507 

of around 14 years (Figure 3b). The use of the surfactant during feedstock washing 508 

actually increased the operating cost associated with the AWS processing (Table SI4). 509 

 510 

 511 

 512 
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 513 
Figure 3: Comparison of (a) total annual revenue , operating cost  and annual landfill 514 

costs; (b) calculated capital investment repayment period, for dry and wet physically 515 

pre-treated trommel fines 2000 kg/h fast pyrolysis energy system. (DPT - dry pre-516 

treated Trommel Fines; AW – Agitated Washing; AWS – Agitated Washing with 517 

Surfactant (Decon Neutracon) 518 

 519 

 520 
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3.2.2 Effect of internal rate of return (IRR) on economic evaluation the 521 

hypothetical integrated energy recovery system  522 

The NPVs at 10%, 15% and 20% capital investment internal rate of return (IRR) were 523 

calculated for the processing of all three pre-treated trommel fines feedstocks, using 524 

the total revenue per year (Table SI2), capital investment cost and operating costs 525 

(Table SI5) at 2000 kg/h processing capacity over the 20 years lifetime of the project. 526 

The results of these analyses on the economic performance of the pyro-CHP system 527 

powered by each of the three feedstocks can be seen in Figure 4. The analyses show 528 

that the NPVs increased with decreasing IRR for all three feedstocks, with AW and 529 

AWS  having consistently higher  NPVs than DPT over the life of the project.  For both 530 

AWS and AW, payback periods increased from about 6.4 years at 10% IRR to around 531 

8 years at 15% IRR, but there was an exponential increased to about 14 years at 20% 532 

IRR, which shows the sensitivity of EfW plants to IRR.    533 

 534 

However, the DPT was still not viable even  at 10% IRR, with its negative NPV resulting 535 

in a capital repayment period of 20.8 years, which was still greater than the 20 years 536 

plant life (Figure 4). AW and AWS both had the earliest repayment period of 6.4 years 537 

at 10% IRR (Figure 4). The reduced capital repayment period observed a low IRR for 538 

the three feedstocks suggested that this is an important parameter to help improve the 539 

feasibility of the trommel fines Pyro-CHP system. EfW plants, such as those based on 540 

incineration have been reported to be profitable with IRR of 11% and pay back times 541 

of just under 13 years (Xin-gang et al., 2016). This present work indicates a potentially 542 

better economic performance for pyro-CHP plants powered by trommel fines after ash 543 

reduction compared to incineration. Therefore, working at IRR of between 10-15% 544 

would be advisable. 545 
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 546 

 547 

 548 

 549 

Figure 4: Comparison of calculated capital investment repayment period for dry and 550 

wet physically pre-treated trommel fines 2000 kg/h fast pyrolysis system at varying 551 

interest rates. (DPT - dry pre-treated Trommel Fines; AW – Agitated Washing; AWS – 552 

Agitated Washing with Surfactant (Decon Neutracon); PB – Payback; IRR – internal 553 

rate of return; NPV – Net Present Value) 554 

 555 

3.3 Effect of CHP efficiencies on energy revenue and operating costs. 556 

In this section, CHP efficiencies ranging from 40 – 80 % have been used to determine 557 

the impact on the annual revenues and operating costs of the hypothetical Pyro-CHP 558 

plant. The range of CHP efficiencies selected was in line with those reported for 559 

commercial CHP plants, with some plants approaching 90% depending on the fuel 560 

type and plant type and size as well the characteristic of the heat demand (Balli and 561 

Aras, 2007; Gambini and Venilli, 2015). The results of the calculated energy 562 

production potential and total annual revenue   at 2000 kg/h processing capacity for 563 
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all three feedstocks at 40% and 80% CHP efficiencies, respectively, compared with 564 

the base scenario data for 60% CHP efficiency are given in the Supplementary 565 

Information (Table SI6 and Table SI7), and used as baseline data for the economic 566 

analysis.  567 

Figure 5 below shows that the total annual  revenue potential for all the pre-treated 568 

trommel fines feedstock increased with increasing CHP efficiency and they were all 569 

greater than their respective landfill costs when operating the Pyro-CHP system at a 570 

capacity of 16000 tonnes per year.   As previously established in section 3.2 (Figure 571 

3), similar determinations were made at  at 60% CHP efficiency.. These results 572 

showed  the robustness of the integrated system in handling wastes of different 573 

compositions and calorific values, which influence both the pyrolysis conversion 574 

efficiency (de Marco et al., 2002; and CHP efficiencies (Burnes and Camuo, 2019). 575 

However, these results need further analyses to determine whether they translated 576 

into economic viability of the systems at the scale being considered. 577 

  578 
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Figure 5: Comparison between of total revenue per year 2000 kg/h fast pyrolysis 580 

system (dry and wet pre-treated trommel fines) at varying CHP efficiencies and annual 581 

landfill costs. (DPT - dry pre-treated Trommel Fines; AW – Agitated Washing; AWS – 582 

Agitated Washing with Surfactant (Decon Neutracon); EFF – Efficiency) 583 

 584 

3.3.1 Effect of CHP efficiencies on economic  viability of Pyro-CHP system for 585 

pre-treated trommel fines  586 

The net present values (NPV) at 20% capital investment internal rate of return (IRR) 587 

were calculated for all three pre-treated trommel fines feedstocks, using the calculated 588 

total annual revenues  given in the Supplementary Information (Table SI2, SI6, and 589 

SI7) at varying CHP efficiencies and capital investment cost and operating costs 590 

(Table SI5) at 2000 kg/h feedstock processing capacity over the 20 years lifetime of 591 

the project. The effect of CHP efficiencies on pre-treated trommel fines fast pyrolysis 592 

process can be seen in Figure 6, which shows that the NPV increased with increasing 593 

CHP efficiencies for all three pre-treated trommel fines feedstocks. For instance, 594 

processing the three feedstocks at 80% CHP efficiency, resulted in their highest NPVs 595 

over the 20-year lifetime of the project. Overall, increasing CHP efficiencies led to 596 

reduced capital repayment periods for all three feedstocks, suggesting that the CHP 597 

efficiency is an important parameter to consider in order to improve the viability of 598 

energy recovery from trommel fines. 599 

However, processing DPT for energy recovery was still not viable even at 80% CHP 600 

efficiency as shown in Figure 6, due to its repayment period being around 24 years, 601 

which is still higher that the project’s life time. In contrast, both AW and AWS both 602 

gave the short repayment periods of 6 years each at 80% CHP efficiency (Figure 6), 603 

which are lower by 3 to 4 years compared to conventional waste to energy plants 604 

(Chen et al., 2020; Kumar, Ahmadi and Rajak, 2020). As established in Section 3.2, 605 

the strong influence of IRR on economic performance EfW systems may make DPT 606 
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processing more favourable at lower IRR and high CHP efficiency. A rough calculation 607 

using 10% IRR and 80% CHP efficiency, resulted in a positive NPV and a repayment 608 

period of 18.2 years, which is too close to the end of the project and so, does not hold 609 

much economic prospect, in the opinion of the authors.  610 

 611 

 612 

Figure 6: Comparison of calculated capital investment repayment period for dry and 613 

wet physically pre-treated trommel fines 2000 kg/h fast pyrolysis system at varying 614 

CHP efficiencies. (DPT - dry pre-treated Trommel Fines; AW – Agitated Washing; 615 

AWS – Agitated Washing with Surfactant (Decon Neutracon); PB – Payback; EFF – 616 

Efficiency; NPV – Net Present Value) 617 

 618 

 619 

3.4 Effect of capital investment on economic evaluation of integrated Pyro-620 

CHP system for pre-treated trommel fines  621 

Capital cost is a significant item with overarching influence on the profitability of capital 622 

projects such as EfW plants. Therefore, any credible savings that can be obtained by 623 

eliminating capital costs e.g. by sharing of facilities, could have significant impact on 624 

the economic performance the present hypothetical Pyro-CHP system.  For instance, 625 
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the base scenario used in this study included the cost of purchasing industrial grinding 626 

and sieving equipment inevitably required but significantly expensive for size reduction 627 

of the trommel fines prior for fast pyrolysis . It was assumed in Section 2.2 that the 628 

EfW facility would be integrated as part of an MRF facility as the energy end-user 629 

(Hornung, 2013). It can therefore be further assumed that the Pyro-CHP facility would 630 

already have access to equipment for the dry pre-treatment process, hence no 631 

additional industrial grinder and sieving machine will be required.  632 

 633 

Figure 7: Comparison of calculated capital investment repayment period for dry and 634 

wet physically pre-treated trommel fines 2000 kg/h fast pyrolysis system for base 635 

scenario and without a grinder and sieving machine. (DPT - dry pre-treated Trommel 636 

Fines; AW – Agitated Washing; AWS – Agitated Washing with Surfactant (Decon 637 

Neutracon); PB – Payback; NPV – Net Present Value; BS – Base Scenario; BS Exc. 638 

G&S – Base Scenario Excluding Grinder & Sieving) 639 

 640 

Hence, eliminating the capital costs of these pre-treatment operations by using an 641 

existing systems would reduce the TPC by about 17%. It  would also reduce the 642 

operating costs associated with running the facility as seen in the Supplementary 643 

Information (Figure SI3). Hence, a revised capital and operating cost (excluding 644 
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grinder and sieving machine) associated with running the facility at 2000 kg/h 645 

processing capacity have been computed and displayed in the Supplementary 646 

Information (Table SI8).  647 

The net present values (NPV) at 20% capital investment internal rate of return (IRR) 648 

were then recalculated for the processing of pre-treated trommel fines feedstocks in 649 

the described EfW system, using the total annual revenue  (Table SI4), the reduced 650 

capital investment and operating costs (Table SI8) ) at 2000 kg/h processing capacity 651 

over the 20 years lifetime of the project. Figure 7 shows that the NPV increased with 652 

the reduced capital investment cost when compared to the base scenario for all three 653 

feedstocks, with DPT still having a negative NPV over the 20-year lifetime of the 654 

project, with a 20.7 years repayment period. In a more optimistic scenario, a rough 655 

calculation using the combination of the reduced capital and operating costs, a lower 656 

IRR of 10% and an enhanced CHP efficiency of 80%, gave a positive NPV for DPT 657 

processing, with a viable payback period of 11.5 years. This appeared to hold 658 

commercial relevance to potential investors, however, the combination of 10% IRR 659 

and 80% CHP efficiency may be impossible to achieve in rela life scenarios. In 660 

contrast, the hypothetical Pyro-CHP system powered by AW and AWS returned 661 

positive NPVS, with their repayment periods both reduced by half (7.2 years), 662 

compared to the base case scenario (14 years). The values obtained for AW and AWS 663 

were still lower than payback periods (9 – 10 years) reported for conventional 664 

bioenergy plants (Chen et al., 2020; Kumar, Ahmadi and Rajak, 2020), indicating their 665 

potentially better economic performance.  666 

 667 
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4.0 Conclusions  668 

This present work has investigated the economic performance of a hypothetical 669 

integrated Pyro-CHP energy production system powered by pre-treated trommel fines, 670 

up to a processing capacity of 16000 tonnes per year. The analyses showed that a 671 

reasonable combination of technical (feedstock pre-treatment, fast pyrolysis 672 

efficiency, system scale and CHP efficiency) and economic (IRR, capital costs and 673 

operating costs) factors was needed to ensure the economic viability of the proposed 674 

EfW system. Results showed that, although the hypothetical Pyro-CHP system would 675 

be economically preferred to landfill disposal, extensive pre-treatment (in this case, 676 

ash reduction) of the feedstock prior to fast pyrolysis was required. This was main 677 

technical factor that influenced the economic performance, which improved in line with 678 

increase in the conversion efficiency of fast pyrolysis system 41% to 64%, after ash 679 

reduction. Sensitivity analyses based on IRR (three scenarios), CHP efficiencies 680 

(three scenarios) and reduced capital and operating costs (one scenario), confirmed 681 

the superior economic performance of the Pyro-CHP system powered by the ash-682 

reduced feedstocks (AW and AWS) compared to DPT.  683 

 684 

Potentially, a Pyro-CHP system for pre-treated trommel fines can offer environmental 685 

to society and economic benefits to MRF operators, especially with the potential to 686 

reduce landfill costs. However, realistic implementation of such combination of 687 

economic and technical factors will need further rigorous economic tests. In addition, 688 

even for the ash-reduced feedstocks, challenges remain in terms of adopting a cost-689 

effective and technically operable commercial-scale feedstock ash reduction process, 690 

the conditioning/upgrading of liquid and gas pyrolysis products to make them suitable 691 

for real-life CHP plants and handling of residual solids.  692 
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