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Abstract 

An assessment of the economic and environmental impact of food waste 

management in small communities is research that was undertaken to 

analyse the feasibility of two waste treatment options using aerobic and 

anaerobic digestion. The environmental impact of the food waste management 

options was undertaken using life cycle analysis to determine the CO2 eq for the 

emissions produced, whilst the economic analysis was done to determine the 

financial viability in terms of investment as well as operational costs. In addition 

a sensitivity analysis was carried out to assess the impact economically and 

environmentally that could occur due to changes in population size and 

finances. In addition previous research in food waste management in terms of 

environmental impact due to emissions and on financial costs was critically 

reviewed. The results of the waste treatment options are presented and their 

performance analysed and discussed to draw conclusions which are reported 

as key findings. Out of the research there arose a number of recommendations 

for future work that could be undertaken. 

 

 

Keywords 

 

Aerobic, anaerobic, digestion, food waste, composter, climate change, 

emissions, greenhouse gases, biogas, digestate, carbon footprint.



 4 

Acknowledgements 

 

Sincerely grateful to Dr Evina Katsou, Lecturer of Geo Environmental 

Engineering at the Brunel University the project for all her support, guidance, 

knowledge and time throughout the project. 

 

In addition many thanks to Lucia Lijo, a PhD student at Brunel University for her 

input, time, knowledge, information as well as work on the lifecycle analysis 

covering the food waste management options reviewed for this report. 

 



 5 

Table of Contents 

 

CHAPTER 1 – INTRODUCTION………………..…………………………….. 

1.1  Background……………………………………………………………… 

1.2 Aim……………………………………………………………………….. 

1.3 Objectives……………………………………………………………….. 

1.4  Structure of the Report…………..…………..………………….……… 

CHAPTER 2 – LITERATURE REVIEW………………………………........... 

2.1  Global food waste statistics and carbon footprint…………………… 

2.2  Drivers for food waste management…………………………………. 

2.3  Hierarchy of food waste management………………………………. 

2.4  Focus of the report……………………………………………………… 

CHAPTER 3 – METHODOLOGY……………………………………………... 

3.1  Life Cycle Assessment…………………………………………………. 

3.1.1  Goal and Scope Definition…………………………………………….. 

3.1.1.1 Aerobic liquid food composter……………………………………….. 

3.1.1.2 Anaerobic food digester and CHP plants…………………………… 

3.1.2  Lifecycle Inventory Analysis (LCIA)…………………………………… 

3.1.2.1 Aerobic liquid food composter system boundary ………………….. 

3.1.2.2Anaerobic food digester and CHP unit system boundary ……........ 

3.1.3  Lifecycle Impact Assessment (LCIA)…………………………………. 

3.1.4  Interpretation…………………………………………………………….. 

3.1.5  Accuracy of LCA process………………………………………………. 

3.2  Financial Analysis……………………………………………..………… 

3.2.1  Aerobic liquid food composter…………………………………………. 

3.2.2  Anaerobic food digester and CHP unit……………………………….. 

3.3  Sensitivity Analysis……………………………………………………… 

CHAPTER 4 – DATA…………………………………………..………………. 

4.1  Food waste data………………………………………………………... 

4.2  Environmental cost of unmanaged food waste…………………........ 

4.3  Life Cycle Assessment ……………………………….……………. 

4.3.1  LCA inputs……………………………………………………………….. 

4.3.2  Liquid food composter mixture………………………………………… 

4.4  Financial Assessment    ………………………...……………………... 

10 

10 

11 

11 

12 

13 

13 

14 

14 

16 

18 

18 

18 

19 

19 

19 

19 

20 

20 

20 

21 

21 

21 

22 

22 

24 

24 

24 

25 

25 

26 

27 



 6 

4.4.1  Cost of food wasted…………………………………………...………... 

4.4.2  Aerobic liquid food composter…………………………………………. 

4.4.3   Anaerobic food digester and CHP unit………………………………... 

CHAPTER 5 - DATA ANALYSIS……………………………………………... 

5.1  Life Cycle Assessment…………………………………………………. 

5.1.1  Aerobic liquid food composter…………………………………............ 

5.1.2  Anaerobic food digester and CHP unit……………………………….. 

5.2  Financial Analysis……………………………………………………….. 

5.2.1  Aerobic liquid food composter…………………………………………. 

5.2.2  Anaerobic food digester…………………………………….………….. 

5.3  Sensitivity analysis……………………………………………………… 

5.3.1  Environmental impact…………………………………………………… 

5.3.2   Financial impact…………………………………………………………. 

5.3.2.1 Aerobic digestion……………………………………………………….. 

5.3.2.2 Anaerobic digestion……………………………………………………. 

CHAPTER 6 – DISCUSSION...................................................................... 

6.1  Discussion and comparison to other research……………………… 

6.2  Assessment of research and issues arising…………………………. 

CHAPTER 7 – CONCLUSION………………………………………………… 

7.1  Key Findings……………………………………………………………... 

7.2  Recommendations……………………………………………………… 

REFERENCES…………………………………………………………………... 

BIBLIOGRAPHY............................................................................................ 

APPENDIX A……………………………………………………………………...  

APPENDIX B……………………………………………………………………… 

APPENDIX C……………………………………………………………………… 

APPENDIX D……………………………………………………………………… 

27 

27 

29 

32 

32 

32 

34 

40 

40 

41 

42 

42 

43 

43 

46 

48 

48 

48 

50 

50 

51 

52 

57 

58 

61 

63 

64 

 

 

  



 7 

List of Figures 

 

Figure 1.1:  Food and drink waste management hierarchy……………….. 

Figure 3.1:  Inputs, outputs and System boundary of the liquid food  

  composter…………………………………………………………. 

Figure 3.2:  Inputs, outputs and System boundary of the anaerobic food  

  digester……………………………………………………………. 

Figure 5.1:  Anaerobic digestion emissions as a percentage of total  

  emissions………………………………………………………….. 

Figure 5.2:  LFC Sensitivity Analysis summary……………………………… 

Figure 5.3:  AD and CHP Plant Sensitivity Analysis summary……………. 

15 

 

19 

 

20 

 

39 

44 

46 

 

 

 

 



 8 

List of Tables 

 

Table 4.1: Feedstock composition……………………………………………… 

Table 4.2: Additional inputs for the liquid food composter………………….. 

Table 4.3: The composition of the mixture in the LFC……………………….. 

Table 5.1: Grey water characteristics after composting……………………… 

Table 5.2: Emissions due to aerobic digestion of food waste………………. 

Table 5.3: Characteristics of digestate…………………………………………. 

Table 5.4: Characteristics of emissions from the stored digestate…………. 

Table 5.5: Characteristics of biogas……………………………………………. 

Table 5.6: Characteristics of biogas losses……………………………………. 

Table 5.7: Energy produced……………………………………………………... 

Table 5.8: Characteristics of CHP plant emissions…………………………… 

Table 5.9: Characteristics of application emissions…………………………... 

Table 5.10: Emissions of the AD food waste management option…………. 

Table 5.11: Sensitivity analysis for the environmental impact……………… 

25 

25 

26 

32 

33 

34 

35 

36 

36 

37 

37 

38 

39 

43 

 

 

 

 



9 

 

List of Terminologies (or Abbreviations) 

 

Aerobic digestion Digestion of organic waste in the presence of oxygen. 

Anaerobic 

digestion 

Digestion of waste in the absence of oxygen 

Biogas Gas produced due to anaerobic digestion, consisting of 

methane and carbon dioxide.  

Biogenic Produced due to the decomposition of organic matter. 

Calorific Value CV (measured in MJ/m3) is the energy released from a 

cubic metre of gas under when combusted. 

CHP Combined heat and power – refers to the generation of 

energy in the form of heat and electricity from biogas. 

Compost Material produced by anaerobic digestion that is rich in 

nutrients required to grow plants and used as fertiliser. 

Composting Turning waste into compost. 

Digestate The main product (fertiliser) of anaerobic digestion. 

Digestion This is the breaking down of waste. 

Effluent This is the liquid waste, also referred to as grey water 

Energy recovery Energy (electricity or heat) produced from waste. 

Food waste Includes edible as well as non-edible parts of plant e.g. 

fruits and animal (e.g. chicken) food. 

Green House 

Gases (GHG) 

These are carbon dioxide, nitrous oxide and methane; 

they affect the atmosphere by causing pollution thereby 

contributing to climate change. 

Incineration Heat treatment that leads to combustion of waste. 

Landfill A designated area where waste is disposed of that 

cannot be treated any further. 

Recycling Treating waste so that it can be used for another 

purpose e.g. composting. 

Re-using Using a product again e.g. giving away or selling 

unwanted clothes. 

Waste 

management 

The various ways to dispose of waste produced as a 

result of human activities e.g. recycling, landfill.  
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CHAPTER 1 – INTRODUCTION 

 

In this chapter is the background to the project, the aim, objectives and the 

structure of the report. 

 

1.1 Background 

Food waste is an on-going worldwide problem that is of such magnitude in the 

face of ever rising food production costs as well as food shortages around the 

world (Islam, 2011). The issues behind global food production are due to 

various factors such as population growth, lack of land, skills, nature e.g. 

drought, floods as well as climate change to name a few. Mismanagement of 

food waste further compounds this by usage of land for disposal leading to the 

production of greenhouse gases (GHG) which contribute to climate change 

(Papargyropoulou et al, 2014). It has therefore become important to manage 

food waste in a sustainable way with the aim of preventing food waste as much 

as possible as it is also a waste of other resources that were employed in its 

production (FAO, 2013). Thus this report theoretically reviews two ways by 

which food waste can be managed in two small hypothetical communities of 

3000 and 2000 people by assessing the economic costs and environmental 

impacts in terms of carbon dioxide emissions. The food waste management 

methods that were reviewed are aerobic digestion using a liquid food composter 

(LFC) producing effluent that can be disposed of directly into the sewerage 

system and anaerobic food digestion by a plant producing biogas as well as 

digestate that can be used as fertilizer.  
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1.2 Aim 

The aim of this project was to determine the suitability in terms of the 

environmental and economic impact of managing food waste using two 

methods in two small communities having populations of 3000 and 2000 in the 

United Kingdom (UK).  

 

1.3 Objectives 

There were three objectives undertaken for the research these are listed 

below:- 

 

1. Assessment of the environmental impact using life cycle analysis (LCA) of 

i. aerobic liquid food composting  

ii. anaerobic digestion producing biogas and digestate. 

2. Financial analysis of  

i. a liquid food composter  

ii. an anaerobic digester. 

3. Applicability of both methods to communities of different population sizes.  
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1.4 Structure of the Report 

The report is set out in chapters according to the different stages undertaken to 

carry out the research. These are briefly explained below. 

 

Chapter 1 introduces the project, why it was done, the aims and objectives and 

the report 

 

Chapter 2 is a literature review of publications and previous research done. It 

also presents definitions and benefits on aspects of the food waste 

management options reviewed. 

 

Chapter 3 is a description of the methodologies used in the research 

undertaken to carry out the analysis of the two food waste management 

methods. 

 

Chapter 4 presents and describes the data used in the project 

 

Chapter 5 presents the results of the research in tables and covers the analysis 

of the data. 

 

Chapter 6 is a discussion of the results obtained in terms of performance 

comparing them and determining similarities or differences. In addition the 

methodologies of the research are assessed. 

 

Chapter 7 draws the research to a close by presenting key findings and giving 

recommendations.
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CHAPTER 2 - LITERATURE REVIEW 

 

In this chapter an overview of managing food waste is undertaken as well as a 

literature review into some of the research done.  Options for management of 

food waste are reviewed in the same way as all other waste using a hierarchy 

with the least acceptable, landfill at the bottom and the best at the top, 

prevention (Papargyropoulou et al, 2014). For this research the options 

reviewed are categorised under recovery (anaerobic digestion) and disposal 

(aerobic digestion) of food waste. 

 

Food waste for the purposes of this report is defined as ‘food that is appropriate 

for human consumption being discarded, whether or not after it is kept beyond 

its expiry date or left to spoil’ (FAO, 2013). The management of food waste is 

the means of disposing of it.  

 

2.1 Global food waste statistics and carbon footprint 

Food wastage occurs at every one of the six stages as defined by the Food and 

Agriculture Organisation (FAO) of the supply chain from agricultural production 

being the highest to consumption, the third highest. According to the FAO 2013 

‘Food wastage footprint Impacts on natural resources summary report’ global 

food wastage occurring at the consumption stage which was the focus of this 

report was approximately 0.35 billion tonnes out of 1.3 billion tonnes using data 

from 2007. The highest contributors were North America, Europe, industrialised 

Asia and Oceania.  

 

Food waste has an adverse impact on the environment and measured in terms 

of its carbon footprint in 2007 it was estimated to be 3.3 billion tonnes of CO2 

equivalent (CO2eq) but excluding that due to land usage. This was further 

compared to country rankings and the carbon foot print of food waste was the 

third highest after United States of America (USA) and China in 2012. In the 

food supply chain the global carbon footprint of the consumption phase was the 

highest at about 37% being at least double that of each of the other stages. 

(FAO, 2013). 
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The carbon foot print CO2eq per capita per year for Europe was found to be 

approximately 680 in comparison to the world average of 500 and the highest of 

900 for North America and Oceania. 

 

2.2 Drivers for food waste management 

In the past food waste was disposed of in landfills with all the other types of 

waste. It was discovered that its decomposition contributed 17% to GHG in 

Europe considerably in the form of methane which affects the climate 25 times 

as much as CO2 (Evans, 2012). In addition to the issue of food shortage 

(Potočnik, 2011) there are various regulations as well as legislations such as 

the European Union Waste Framework Directive 2008/98/EC and Landfill 

Directive 1999//31/EC that have been instituted over the years that have directly 

or indirectly led to the requirement of food waste management in a more 

sustainable way. In the review of the EU waste policy and legislation in 2014 

targets for waste management  in the EU Waste Framework Directive 

2008/98/EC  (WFD) and  the Landfill Directive 1999//31/EC were evaluated 

leading to a proposal in which food waste generation was to be reduced by 30% 

by 2025 (EC,2015). The landfill directive does not specifically say how food 

waste should be dealt with and leaves it to the member states to make the 

decision of which incineration and landfill remain the dominant options for bio-

waste (EC, 2015).  In the UK these regulations were adapted and incorporated 

into national legislation such as ‘The Waste (England and Wales) (Amendment) 

Regulations 2012‘. In addition in the UK there are other policies such as the 

Climate Change levy and the Renewable Energy Obligation (Monnet, 2003). 

The overall aim of the legislations is the sustainable use of resources as well as 

preservation of the environment through their efficient employment by re-use, 

recycling, recovery and prevention of waste as far as is possible (gov.uk. 2014) 

 

2.3 Hierarchy of food waste management 

In order to fulfil the objectives of the WFD a waste management hierarchy was 

devised consisting of five steps. This has been adapted in Figure 1.1 below 

from WRAP 2015b as it applies to food waste management at the consumption 

phase. 
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Food and drink waste management hierarchy 

 Prevention 

Reduction of waste of raw materials, ingredients 

and products Measured in overall reduction in 

waste. 

Most  

preferable  

option 

 Optimisation 

Redistribution to people 

 

 Used as animal feed  

   

 Recycling 

Anaerobic digestion 

 

 Composting  

 Recovery 

Energy recovery through incineration (EfW) 

 

 Disposal 

Incineration without energy recovery 

Landfill 

Into the sewer system 

Least  

preferable  

option 

 

Figure 1.1: Food and drink waste management hierarchy (adapted from WRAP 

2015b) 

 

In summarisation for the consumption phase  

 Prevention:- only the food that is needed should be supplied or bought in 

the right quantities 

 Optimisation: - if food is in excess it should be redistributed e.g. to a 

homeless shelter (EC, 2015) or used as animal feed where appropriate. 

 Recycling:- food waste is composted into fertiliser or anaerobically 

digested to produce biogas which can be used to “for producing space 

heating, water heating, drying, absorption cooling, and steam production; 

electricity” (Wilkie, 2013). 

 Recovery:- waste is incinerated producing heat or electricity (DEFRA, 

2013) 

 Disposal: - food waste is disposed to landfill, incinerated or into the 

sewerage system. 
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2.4 Focus of the report   

This research was done for two hypothetical communities living in the UK based 

upon data obtained from collections carried out by Local Authorities (LAs) 

according to reports by the Waste and Resources Action Programme (WRAP) 

charity. WRAP published a report in 2013 that stated that 7 million tonnes of 

food were wasted in 2011 compared to 8.3 in 2007 which was a 15% decrease. 

4.2 of the 7 million tonnes was food waste that could be avoided but this also 

had decreased by 21% between 2007 and 2012 as recorded by the LAs. 

Overall there was a reduction in the quantity of food waste collected by the LAs 

by 18% from 5.3 million tonnes to 4.7 over this time. In terms of the average 

household the food wasted amounted to 127kg annually for 2.4 people 

occupancy equating to 19% of the food bought for consumption. However there 

was a reduction of 24% in food waste over the five year period per household. 

The food wasted annually is worth £12.5 billion which is about £470 per year 

per household. Finally the annual environmental impact of food waste in terms 

of GHG emissions due to food waste in the UK is 17 million tonnes CO2eq. 

(WRAP, 2015a) 

 

The two options that were focused on for food waste management are aerobic 

and anaerobic digestion (AD).  

 

Aerobic digestion is the breakdown of organic waste in the presence of oxygen 

producing mineral and simpler organic compounds (Park and Allaby, 2013). The 

aerobic digestion was analysed using a liquid food composter that digests most 

food waste within 24 hours producing effluent that can be disposed of into the 

sewerage system (Powerknot, 2015) or used as fertiliser (Tomei et al, 2011). 

The LFC has an operating lifetime of fifteen to twenty five years (Powerknot, 

2015). 

 

The AD process occurs naturally in landfills (Monnet, 2003) but leads to 

pollution of the land and the environment. AD is the breakdown of organic waste 

taking between 20 to 40 days to complete leading to the production of a 

digestate rich in nutrients that can be used as fertiliser and biogas that is mainly 

composed of methane and carbon dioxide (Pham et al, 2015). The AD process 
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is carried out in a controlled way without oxygen in a plant (Pham et al, 2015) to 

recycle waste (Banks et al., 2008). The biogas produced can be used to 

generate energy in the form of electricity and heat with a potential output of 

405kWh per tonne of food waste (Banks et al, 2010). 

    

The UK government in 2011 committed itself to the promotion of AD as a way of 

producing renewable energy by setting out a strategy and action plan with four 

financial incentives for a 20 year period to increase investment viability and 

profitability for plants. Some of the incentives are subsidies for electricity or heat 

generation from bio-gas, payments for surplus electricity or bio gas injected into 

the network or natural gas grid. (Biogas, 2015).  In addition AD helps in 

reducing GHG emissions by decreasing methane produced by waste if it had 

been put in landfill. Despite the incentives and benefits of AD it is an expensive 

option to implement for food waste management on a small scale (Andersons, 

2010). In order to take advantage of the incentives and thereby have the 

benefits AD plants require an electricity grid connection, a digester and 

associated equipment as well as a combined heat and power (CHP) plant all of 

which are costly (Biogas, 2015). Furthermore the operating capacities of the AD 

and CHP plants are never 100% as they are affected by various factors and 

thus affecting the income generated. The operating capacity according to the 

renewable energy association (REA), AD suppliers and renewable obligations 

certificate (ROC) registrations is 85%, 80 to 99% and 60 to 70% respectively. 

The ROC estimate is considered to be more accurate. The efficiency of the 

CHP unit is 30% (2kWh) and 50% (3.3kWh) for electricity and heat generation 

respectively for every cubic metre of biogas. (Andersons, 2010). A more 

detailed review of the estimated costs can be found in chapter 4 of the report. 

An AD plant has a lifetime of over twenty years whilst for CHP generators it is 

between eight and twelve years (Andersons, 2010). 

 

In conclusion the research into food waste management on its own without 

combining with other organic waste in terms of costs and environmental impact 

is limited using either aerobic or anaerobic digestion. However there is 

substantial research into anaerobic digestion of organic wastes and energy 

production which has been used to inform this project. 
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CHAPTER 3 – METHODOLOGY 

 

There are three main sections to this chapter of the report. The first part covers 

the Life Cycle Assessment (LCA) and the second one covers the financial costs 

of the two food waste management options reviewed. Finally a sensitivity 

analysis was carried out for both the environmental impact and finances. 

 

The data used for both the LCA and financial analysis was based on the UK 

using:- 

 its population as estimated in 2011 census data of 63.2 million people 

(ONS, 2015)  

 food waste statistics recorded for 2013 by WRAP 2015a as reviewed for 

this report. 

 water and sewerage rates from OFWAT 2010. 

 

3.1 Life Cycle Assessment 

This is an analysis of the environmental performance of a product or service or 

process over its entire life cycle comprising of four parts which are Goal and 

Scope Definition, Inventory Analysis, Impact Assessment, and Interpretation 

(Pryshlakivsky and Searcy, 2013). The LCA was undertaken using an industry 

based software tool licensed to Brunel University.  

 

3.1.1 Goal and Scope Definition 

The LCA was done to determine and compare the environmental impact of the 

two food waste management options using software that adheres to the 

International Standards Organisation (ISO) 14040 and 14044. In order to 

determine the greenhouse effect a time horizon of 100 years was used (EEA, 

2015). The products that were assessed for the two options were a liquid food 

composter and an anaerobic food digester with a CHP unit. What was assessed 

was the process of digesting the food waste generated daily by the communities 

using these two options (Williams 2009) while taking into consideration the 

inputs as well as the outputs, this being the functional unit (Lundie and Peters, 

2005). 
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3.1.1.1 Aerobic liquid food composter 

This is a machine that aerobically decomposes food waste using 

microorganisms producing effluent that can be directly discharged into the 

sewerage system.  

 

3.1.1.2 Anaerobic food digester and CHP unit 

This is a plant that decomposes food waste in the absence of oxygen at 

mesophilic temperatures (30o – 40o), (WalesADCentre, 2015) producing biogas. 

The biogas is then used to produce energy in the form of electricity and heat 

(Banks et al, 2008). 

 

3.1.2 Lifecycle Inventory Analysis (LCIA) 

The inputs and outputs of the two processes were more or less the same with a 

few exceptions and these are defined below as well as the system boundary for 

the purposes of the LCA (Williams 2009) in Figures 3.1 and 3.2. The food waste 

used was what would be found in a standard household using two samples one 

raw and the other cooked. The comparison was done on a unit kilogram of 

input. The characteristics of the feedstock for each sample was determined in 

terms of percentage of total solids (TS), total volatile solids (TVS) as well as 

total organic carbon, mg/kg of total phosphorus (TP) and heavy metals (e.g. 

copper, zinc).  

 

3.1.2.1 Aerobic liquid food composter system boundary 

 

 

 

 

 

 

 

 

Figure 3.1:  Inputs, outputs and System boundary of the liquid food composter 
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3.1.2.2 Anaerobic food digester and CHP unit system boundary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Inputs, outputs and System boundary of the anaerobic food digester 

(adapted from Banks et al., 2008). 

 

3.1.3 Lifecycle Impact Assessment (LCIA) 

The impact that was assessed was the effect on climate change of the outputs 

measured using Kg CO2eq (Williams, 2009). 

 

3.1.4 Interpretation 

The results were analysed and compared to those found in other literature to 

obtain a realistic impact of the processes on the environment. 
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3.1.5 Accuracy of LCA process 

The LCA was done on the theoretical communities using average food waste 

data derived from reports rather than actual waste produced over a period of 

time by a real community. The true composition of the food waste is what 

determines the results of the LCA and thereby the accuracy of the process. It 

was not possible to assess how close the results were to those of an existing 

community and thus their accuracy. Therefore the results obtained create a 

theoretical base line for research into food waste management options 

specifically reviewed in this report using LCA. 

 

3.2 Financial Analysis 

 This data was processed using excel to determine average values such as 

water and sewerage rates (a sample of the data used can be found in Appendix 

A). In addition to this data summaries of cost from manufacturers and literature 

were used to estimate the capital and operating costs to carry out the financial 

assessment. The simple payback method was used for further analysis of the 

financial costs of both options to determine when the capital costs invested will 

be recouped (Wood and Sangster, 2008). Although simple payback does not  

give the best  financial analysis in comparison to other methods (Moore, 2001) 

such as cost benefit analysis, net present value, return on investment or 

discounted cash flow it was deemed to be more suitable to the scenarios used 

in the project as there was a great deal of information that was not available and 

would have to be assumed such as the maintenance costs  after the warranty 

period, a rate of return on investment or expected payback period (Yard, 2000). 

 

3.2.1 Aerobic liquid food composter 

The financial data for the costs of the liquid food composter was obtained from 

the manufacturers’ website www.powerknot.com while all other costs were 

calculated using data from various organisations such as the Water Services 

Regulation Authority (OFWAT) and the Department of Energy and Climate 

Change (DECC). 

 

In order to determine the cost of water the average rates of 32 metered 

suppliers was calculated per consumption (annually 60m3, 160m3 and 270m3) 

http://www.powerknot.com/
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band (OFWAT, 2010). The cost per litre for each band was then calculated and 

the average of the three bands was determined used in the analysis. The water 

as well as sewerage rates used in the calculation of the annual costs were 

those of metered domestic users as the volumetric rate charged in addition to a 

fixed basic rate for business users is the same as that for households and 

secondly it provided more accurate costs. The majority of business users would 

have a meter and those who do not are charged at the same price as domestic 

users that do not (OFWAT, 2010). For the electricity the 2014 non domestic 

rates (the full data used can be found in Appendix B) were used by estimating 

the average price of all the businesses according to their sizes e.g. small, 

medium and large (DECC, 2014). 

 

3.2.2 Anaerobic food digester and CHP unit 

The financial assessment of the costs for AD was done predominantly from 

literature by Andersons 2010 and not based on small scale operations as that of 

the liquid food digester as information on small capacity plants is limited. The 

costs for AD were reviewed in an idealistic manner in that how much it would 

cost to use as a service per kilogram of food waste produced by either 

community. This was the most realistic way to compare the two options without 

considering the actual purchase of an anaerobic digester which would have to 

include the cost of a CHP unit as well as the cost of storage facilities for both 

the food waste and the digestate due to the duration of the AD process, the 

available daily capacity of the plant as well as the cost of transporting the 

digestate.  In addition it would have involved the cost of connections for energy 

produced either back to the grid or into the community as well as associated 

labour and maintenance costs (Andersons 2010). 

 

Furthermore the literature pertained predominantly to AD as undertaken on 

farms but some also included food waste. Therefore a direct comparison 

between the two options in terms of costs was not undertaken but just a review 

that gives an estimate of the costs.  

 

In the financial review of AD some factors affecting operations had to be 

ignored such as the moisture content or the pre-treatment of the feedstock and 
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the amount of heat required by the digester which is dependent on the moisture 

content of the feedstock to name a few.  

 

The energy consumption for AD was determined using the cost of 4 – 8p/kWh 

per tonne of waste food (Andersons, 2010). The prices for the electricity, heat 

as well as digestate produced included income derived from the UK government 

AD subsidies averaging at 16p (excluding digestate price) but the individual 

values were used for the purposes of accuracy (Andersons, 2010). The 

estimated income from the digestate was calculated based on cubic metres of 

the output which was determined by using a conversion factor of 0.75 as set by 

DEFRA (2015) for mass to volume conversion of food waste (EAUC, 2015) as 

the price is per cubic metre. (Andersons, 2010).  

 

3.3 Sensitivity analysis 

A sensitivity analysis was carried out to determine the effects on emissions and 

costs so viability of both options could be assessed should changes have 

occurred in any one or more or all of the inputs as well as outputs (Andersons, 

2010). 

 

In order to carry out the sensitivity analysis for the environmental impact on kg 

CO2 eq a change in population size and thus the quantity of food waste 

generated by 50% and 100% in size were used. 

 

For the financial costs sensitivity analysis was done by assessing the effect on 

the prices of inputs such as electricity, water, chips or powerzymes and outputs 

e.g. quantity of waste water, energy or digestate. The analysis was also done 

on total operating costs, total income and savings. The sensitivity analysis was 

done using randomly chosen theoretical percentage changes of 5%, 10%, 20% 

and 40% to one or more or all of the inputs and or outputs. 
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CHAPTER 4 – DATA 

 

This chapter presents data used for the LCA and financial assessment. The UK 

census population data was used to determine the food waste generated on a 

daily basis and this was used for the LCA and financial costs.  

 

The necessary calculations were carried out as follows:- 

 

4.1 Food waste data 

Food waste per year (Wrap 2015a)  = 4.7 million tonnes 

UK population (ONS, 2015)   = 63.2 million people 

Food waste per head per year   = 4.7/63.2 

= 0.0744 million tonnes= 74.4kg 

Number of days per year    = 365.25 

Food waste per head per day   = 74.4/365.25   = 0.204kg 

Total food waste per day for 3000 people  = 0.204 x 3000 = 612kg 

Total food waste annually for 3000 people  = 612 x 365.25 = 223,533kg 

       = 223.533 tonnes 

 

Total food waste per day for 2000 people  = 0.204 x 2000 = 408kg 

Total food waste annually for 2000 people  = 408 x 365.25 = 149,022kg 

       = 149.022 tonnes 

 

4.2 Environmental cost (CO2 eq) of unmanaged food waste 

4.7 million tonnes of food waste produces = 17 million tonnes CO2 eq 

1 tonnes of food waste produces    = 17/4.7 = 3.62 tonnes CO2 eq 

Cost for 3000 people    = 3.62 x 223.533  

= 809.19 tonnes CO2eq 

        

Cost for 2000 people    = 3.62 x 149.022  

= 539.46 tonnes CO2eq 
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4.3 Life Cycle Assessment 

4.3.1 LCA inputs 

In Table 4.1 below is the data depicting the feedstock composition for the 

samples used in both of the food waste management options for the LCA.  

 

Food Waste Characteristics 

 For 3000 For 2000 

Mass 612.00kg 408kg 

Total Solids (TS) 58.81kg 39.21kg 

Total Volatile Solid (TVS) 56.00kg 37.00kg 

Total Organic Carbon (TOC) 29.63kg 19.75kg 

Total Nitrogen (TN) 0.87kg 0.58kg 

Total Phosphorus (TP) 1.98kg 1.32kg 

Chromium (Cr) 0.98g 0.66g 

Copper (Cu) 89.29g 59.53g 

Manganese (Mn) 16.52g 11.01g 

Cadmium (Cd) 0.03g 0.02g 

Zinc (Zn) 23.81g 15.87g 

Table 4.1: Feedstock composition  

 

The feedstock data used for the analysis was for the communities one of a 

population of 3000 people producing 0.204kg of food waste each per day that 

was determined using data from WRAP 2015a and amounting to 612kg per 

day. The second community having a population of 2000 people and food waste 

of 408kg per day. The feedstock consisted of solid food characterised as TS, 

TVS, TOC, gases e.g. nitrogen, metals e.g. copper, non-metals e.g. phosphorus 

and carbon. 

 

In addition to the feedstock there were other inputs into the composter that 

enabled the digestion to occur and these are shown below in Table 4.2. The 

quantities for these inputs were the same for both the communities. 

 

Inputs 

Item Mass Volume 

Chips and Enzymes 150kg 500L 

Cold Water 720kg 720L 

Hot Water 480kg 480L 

Table 4.2: Additional inputs for the liquid food composter 
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4.3.2 Liquid food composter mixture 

In Table 4.3 below is the composition of the mixture that was within the LFC. 

 

 

Mixture 

 For 3000 For 2000 

Mass 1092.00kg 888.00kg 

TS 58.81kg 39.21kg 

TVS 55.58kg 37.05kg 

Carbon (C) 29.63kg 19.75kg 

Nitrogen (N) 0.87kg 0.58kg 

Phosphorus (P) 1.98kg 1.32kg 

Table 4.3: The composition of the mixture in the LFC 
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4.4  Financial Assessment       

In this section the financial analysis of both food waste management options is 

presented in financial terms having taken into consideration the cost of food 

wasted by both communities,  the equipment required to manage it, the 

operational  costs as well as the income generated where applicable (Monnet,  

2003) . The costs for the liquid food composter (manufactured in the United 

States of America) were converted from United States dollars (US$) to pounds 

sterling without including tax and import costs. 

 

4.4.1 Cost of food wasted 

Annual cost of food waste per household = £470 

Annual cost of food waste per head  = £470/2.4 = £195.83 

Total cost of food waste annually for 3000 = 3000 x 195.83  = £587,490 

Total cost of food waste annually for 2000 = 2000 x 195.83  = £391,660 

 

4.4.2 Aerobic liquid food composter 

Machine specifications 

Daily capacity of digester    = 500 – 900 kg 

 

Capital Costs 

Exchange rate     $1 = £0.64 (Bloomberg, 2015) 

Cost of machine     =$49,000  = £31, 360  

 

Total Capital cost       =£31,360.00 

 

Operating costs 

Energy (Electricity) 

Energy consumption per day   = 17kWh 

Energy consumption annually   = 17kWh x 365.2 = 6209.25kWh 

Average cost per kWh of energy   = £0.10   

Cost of energy consumed daily   = £0.10 x 17kWh = £1.7 

Cost of energy consumed annually  = £0.10 x 6209.25kWh 

         = £620.93 
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Water       

Water consumption per day (24hours) = 1,200litres    

Water consumption annually  = 1200 x 365.25 = 438,300litres  

Average cost per litre of water  = £0.002568 

Cost of water consumed per day  = £0.002568 x 1200 = £3.09  

Cost of water consumed annually  = £3.09 x 365.25   = £1,128.63

    

Other inputs 

Monthly cost of bio-chips   = $83.33 = £53.45    

Annual cost of bio-chips   = £53.45 x 12 = £641.40 

Monthly cost of microorganisms  = $95.83 = £61.47 

Annual cost of microorganisms  = £61.47 x 12 = £737.64 

Total cost annually        = £1,379.04 

 

Sewage     For 3000       For 2000 

Sewage quantity per day (litres)  = 1,753       =1,569 

Sewage disposal annually (litres)  = 1,753 x 365.25   

= 640,283.25       = 573,077.25  

Average cost of disposal per litre  = £0.001813 

Cost of Sewage disposal per day  = £0.001813 x 1,753     

=£3.18       = £2.85 

Cost of sewage disposal annually  = £3.18 x 365.25       

= £1,161.50       = £1,040.97 

 

Maintenance  

First 3 years         = £0 

 

Total Annual Operating costs  For 3000       For 2000 

      = £4,290.10       = £4,169.57 
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4.4.3 Anaerobic food digester and CHP unit 

 

Capital costs 

Average cost for digester    = £500 /m3 

Capacity required for 3000 people (daily) = 612 kg = 0.612 tonnes 

       = 1.73 m3 

 

Capacity required for 2000 people (daily) = 408 kg = 0.408 tonnes 

       = 1.16 m3 

 

Cost for digester      = £500 x 2m3  = £1,000 

 

CHP Plant cost (LGA, 2015)   = £750/kWe 

 

      For 3000       For 2000  

Total energy produced per day  = 244.83kWh       =163.23kWh 

Estimated cost    = 244.83 x 750 

= £183,622.50      = £122,422.50 

 

Storage costs 

Feedstock / digestate      = 10p/litre 

For 3000      For 2000  

Capacity     =1.73m3      =1.16m3  

Annual cost     = 10 x 1730 x 365.25  

= £63,188.25      = £42,369.00 

 

Total Capital costs    = £247,810.75     = £165,791.50 

  

Operating costs 

Energy 

Electricity used (per tonne of feedstock)    = 4-8p/kWh  

Cost of electricity used annually for 3000    

= £0.04 x 223.533 tonnes = £8.94     = £8.94 to £17.89 

= £0.08 x 223.533 tonnes = £17.89 
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Cost of electricity used annually for 2000    

= £0.04 x 149.022 tonnes = £5.96     = £5.96 to £11.93 

= £0.08 x 149.022 tonnes = £11.93 

 

Transport costs (food waste) 

Lorry and fuel (exclusive of digestate value)  = £12 – £6 = £6/tonne 

For 3000      For 2000  

Annual cost     = 223.533 x 6     = 149.022 x 6 

= £1,341.20      = £894.14 

 

Maintenance 

Digester is 2% of capital costs     =2% x £1000 = £20 

(Anderson, 2010) 

CHP unit - 1p/kW electrical generation  = £0.01p x 365.25 = £ 3.66 

For 3000      For 2000  

CHP unit - annual maintenance cost  =244.83 x 3.66     = 163.23 x 3.66 

      = £896.08      = £597.43 

Total     = £916.08      =£617.43 

 

Insurance      For 3000       For 2000  

Capital costs    =1000 + 183,622.50     =1000 + 122,422.50 

(AD plant and CHP unit)   =£184, 622.50     =£123,422.50 

 

1% of capital costs (Anderson, 2010)      

= £1,846.23      = £1,234.23 

 

Total Operating costs   = £4,101.40      = £2,737.73 
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Income generated 

Energy      For 3000       For 2000  

Electricity produced  per day  = 78kWh       = 52kWh 

Electricity produced  annually  = 78 x 365.25  

= 28,489.5kWh      = 18,993kWh 

Price of electricity produced  = £0.05/kWh 

Annual income from electricity  = 0.05 x 28489.5        

= £1,424.48      = £949.65 

 

Heat produced per day   = 122kWh      = 82kWh 

Heat produced annually   = 122 x 365.25  

= 44,560.5kWh     = 29,950.5kWh 

Price of heat produced   = £0.015 

Annual income from heat    = 0.015 x 44,560.5   

= £668.41      = £449.26 

Digestate 

Digestate quantity (per day)  = 571.03kg       = 380.69kg 

Digestate quantity (annually)  = 571.03 x 365.25 

      = 208,568.71kg     = 139,047.03 

     

Average price for digestate per m3   = £6 

(Andersons, 2010) 

Digestate quantity in m3   = 208.569 tonnes      
0.75 

= 278.092m3      = 185.396m3 

Digestate income annually   = £6 x 278.092   

= £1,668.56      = £1,112.38 

 

Total annual income   = £3,761.45      = £2,511.29 

Total annual income    

(60 -70% operating capacity)  = £2,256.87       = £1,506.78 

to £2,633.02      to £1,757.91 

 

 

 



 32 

CHAPTER 5 - DATA ANALYSIS 

 

This chapter covers the analysis of the data and results from the LCA and 

financial assessment.  

 

5.1 Life Cycle Assessment 

5.1.1 Aerobic liquid food composter 

In Table 5.1 below is the data depicting the grey water composition from the 

liquid food digester at the end of the process with values for the characteristics. 

The grey water consisted of some solids, gases and metals. 

 

 

Grey water 

 

For 3000 For 2000 

Effluent % Remaining Effluent % Remaining 

Quantity 1753L - 1569L - 

Mass  - - - - 

Total Soluble Solids 

(TSS) 3.56kg 6.05 3.18kg 8.11 

Volatile Suspended 

Solids (VSS) 3.56kg 6.40 3.18kg 8.59 

Total Organic Carbon 

(TOC) 11.80kg 39.66 10.50kg 53.23 

Total Nitrogen (TN) 0.01kg 0.68 0.01kg 0.92 

Total Phosphorus 

(TP) 1.98kg 100 1.32kg 100 

Chromium (Cr) 0.98g 100 0.66g 100 

Copper (Cu) 89.29g 100 59.53g 100 

Manganese (Mn) 16.52g 100 11.01g 100 

Cadmium (Cd) 0.03g 100 0.02g 100 

Zinc (Zn) 23.81g 100 15.87g 100 

Table 5.1: Grey water characteristics after composting 
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The volume of grey water from digested food waste from the 2000 population 

was equal to 90% of that of the 3000 and this also applied to the content by 

mass of solids (TSS, VSS, and TOC). Whereas in the case of the elements the 

ratio by mass was 3 to 2 for the 3000 to the 2000 community with the exception 

of TN which was the same for both populations. 

 

The solids within the food waste after digestion were reduced considerably in 

both cases to approximately 6% to 8%, whilst the reduction in TOC was from 

39% to 53%. The digestion process produced better results generally for the 

3000 people community than for the 2000 as the percentage of TSS, VSS, TOC 

and TN remaining were less. 

 

In table 5.2 below are the emissions produced from the food waste composted 

for the population of 3000 and 2000 communities. 

 

Aerobic Digestion Emissions 

 For 3000 For 2000 

Carbon dioxide  

(CO2 biogenic) 64.90 kg  0.00 kg CO2 eq 33.53 kg  0.00 kg CO2 eq 

Methane  

(CH4 biogenic) 0.24 kg  5.30 kg CO2 eq 0.12 kg  2.67 kg CO2 eq 

Nitrogen Oxide 

(N2O) 0.00349 kg  1.04 kg CO2 eq 0.00233 kg  0.69 kg CO2 eq 

Ammonia 

(NH3) 1.06 kg  0.00 kg CO2 eq 0.71 kg  0.00 kg CO2 eq 

Sum of daily 

emissions 6.34 kg CO2 eq 

 

3.36 kg CO2 eq 

Total annual 

emissions 2,315.69 kg CO2 eq 

 

1,227.24 kg CO2 eq 

Table 5.2: Emissions due to aerobic digestion of food waste. 

 

The total emissions produced by the liquid food composter food waste 

management option for the population of 3000 were equal to 6.34 kg CO2 eq on 

a daily basis and 2,315.69 kg CO2 eq annually, whilst those for the community 
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of 2000 were 3.36 kg CO2 eq on a daily basis and 1,227.24 kg CO2 eq annually. 

The emissions from the digestion of the food waste of 2000 people were 53% of 

those of 3000. 

 

5.1.2 Anaerobic food digester and CHP unit 

Each stage of the anaerobic digestion process produced outputs, both useful 

ones as well as waste in the form of emissions and there characteristics are 

shown below. Tables 5.3, 5.5, 5.7 present the practical outputs, 5.4, 5.8, 5.9 the 

emissions and 5.6 the biogas losses.  

 

Table 5.3 presents the characteristics of the digestate produced, which consists 

of some solids, gases and metals. The digestate is stored for some time before 

it is used as fertiliser and this also produces emissions, shown in Table 5.4. 

 

 

Digestate 

 For 3000 For 2000 

 Properties % Remaining Properties % Remaining 

Quantity 571.03L  380.69L  

Mass 571.03kg 93.31 380.69kg 93.31 

TS 17.84kg 30.34 11.90kg 30.34 

Total Volatile  

Solid (TVS) 14.61kg 26.29 9.74kg 

 

26.29 

TOC  - - - - 

TN 0.87kg 100 0.58kg 100 

TP 1.98kg 100 1.32kg 100 

Cr 0.98g 100 0.66g 100 

Cu 89.29g 100 59.53g 100 

Mn 16.52g 100 11.01g 100 

Cd 0.03g 100 0.02g 100 

Zn 23.81g 100 15.87g 100 

Table 5.3:  Characteristics of digestate 
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The results for both communities after anaerobic digestion in terms of the 

proportion of digestate produced to the food waste used were the same at 

93.3%. In addition the components of the digestate in relation to their quantities  

as a percentage are equal when compared e.g. the TVS remaining after 

digestion were 26.29% of their original amount in the food waste for both 

communities. The ratio of digestate produced was 3 to 2 for the 3000 to 2000 

people. 

 

Table 5.4 shows the due to the storage of the digestate 

Storage Emissions  

 For 3000 For 2000 

NH3 0.042 kg 0.00 kg CO2 eq 0.03 kg 0.00 kg CO2 eq 

N2O 0.001 kg 0.41 kg CO2 eq 0.00 kg 0.00 kg CO2 eq 

Nitrogen (N2) 0.009 kg 0.00 kg CO2 eq 0.01 kg 0.00 kg CO2 eq 

Nitric Oxide (NO) 0.001 kg 0.00 kg CO2 eq 0.00 kg 0.00 kg CO2 eq 

CH4 biogenic 0.097 kg 2.16 kg CO2 eq 0.065 kg 1.45 kg CO2 eq 

CO2 biogenic 0.191 kg 0.00 kg CO2 eq 0.013 kg 0.00 kg CO2 eq 

Sum of daily 

emissions 

 

2.57 kg CO2 eq 

 

1.45 kg CO2 eq 

Total annual 

emissions 938.69 kg CO2 eq 529.61 kg CO2 eq 

Table 5.4: Characteristics of emissions from the stored digestate 

 

The emissions produced are predominantly methane and carbon dioxide in 

terms of mass. The total emissions from the storage of digestate were 2.57 and 

1.45kg CO2 eq on a daily basis for the 3000 and 2000 communities 

respectively. In comparing the storage emissions the annual amounts were 

938.69 and 529.61 kg CO2 eq. making the emissions due to the storage of the 

digestate for 2000 56% of those for 3000 people. 
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In Table 5.5 are the characteristics of the biogas produced by composting 

consisting of solids and gases. 

Total Biogas Produced 

 For 2000 For 3000 

Quantity 38.90 m3 25.94 m3 

mass 40.97 kg 27.31 kg 

TS 40.97 kg 27.31 kg 

TVS 40.97 kg 27.31 kg 

CO2 biogenic 31 g 21 g 

CH4 biogenic 15 g 10 g 

Calorific Value (CV) 23.00 MJ/m3 23.00 MJ/m3 

Table 5.5: Characteristics of biogas 

 

The percentage of biogas generated from the food waste for the 2000 is 66% of 

that produced from the 3000 people. The biogas produced for both communities 

per kg of food waste is the same at 6.69%. 

 

In Table 5.6 are the characteristics of the biogas lost to the atmosphere. 

Biogas Losses 

 For 3000 For 2000 

Quantity 0.58 m3 

 

0.39 m3  

mass 0.61 t 

 

0.41 t  

TS 0.61 t 

 

0.41 t  

TVS 0.61 t 

 

0.41 t  

CO2 biogenic 0.46 kg 0.00 kg CO2 eq 0.31 kg 0.00 kg CO2 eq 

CH4 biogenic 0.23 kg 5.14 kg CO2 eq 0.15 kg 3.34 kg CO2 eq 

Table 5.6: Characteristics of biogas losses 

 

The total emissions due to the biogas losses were 5.14 and 3.34 kg CO2 eq 

whilst the annual emissions were 1877.39 and 1219.94 kg CO2 eq for the 3000 

and 2000 communities respectively having a ratio of approximately 3 to 2.  
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In Table 5.7 are the quantities of heat and electricity produced from the biogas 

determined using electrical and thermal efficiencies of about 32% and 52% 

(Banks et al,. 2011) respectively. 

Energy Produced  

 

For 3000 For 2000 

Daily Annually Daily Annually 

Electricity (kWh) 78.00 28,489.50 52.00 18,993.00 

Heat (kWh) 122.00 44,560.50 82.00 29,950.50 

Energy lost (kWh) 44.831 16,374.52 30.00 10,957.50 

Total Capacity (kWh)  244.831  89,424.52 163.221 59,616.47 

 Table 5.7: Energy produced 

The ratio of energy generated as well as its sub components of electricity and 

heat are 3 to 2 for the 3000 when compared to the 2000 population. 

 

In Table 5.8 are the properties of the emissions from the production of energy. 

CHP Plant Emissions  

 For 3000 For 2000 

CO2 biogenic 0.06 t 0.00 kg CO2 eq 0.04 t 0.00 kg CO2 eq 

CH4 biogenic 0.31 kg 6.98 kg CO2 eq 0.21kg 4.67 kg CO2 eq 

N2O 0.00 kg 0.34 kg CO2 eq 0.00 kg 0.00 kg CO2 eq 

NOx 0.15 kg 0.00 kg CO2 eq 0.10 kg 0.00 kg CO2 eq 

Non-Methane 

Volatile Organic 

Carbon (NMVOC) 0.01kg  0.00 kg CO2 eq 

 

 

0.00 kg 0.00 kg CO2 eq 

Carbon Monoxide  

(CO) 0.22 kg 0.00 kg CO2 eq 

 

0.15 kg 0.00 kg CO2 eq 

Sulphur  Oxide  

(SO2) 0.01 kg 0.00 kg CO2 eq 

 

0.01 kg  0.00 kg CO2 eq 

Sum of daily 

emissions 7.33 kg CO2 eq 4.67 kg CO2 eq 

Total annual 

emissions 2677.28 kg CO2 eq 1705.72 kg CO2 eq 

Table 5.8: Characteristics of CHP plant emissions. 



 38 

The total emissions from the CHP unit due to the production of energy were 

7.33 and 4.67 kg CO2 eq daily amounting to 2677.28 and 1705.72 kg CO2 eq 

annually for the 3000 and 2000 communities respectively. The emissions for the 

2000 people community were 64% of those of the 3000. 

 

In Table 5.9 are the characteristics of the emissions generated when the 

digestate is applied as a fertiliser. 

Application Emissions 

 For 3000 For 2000 

NH3 0.020 kg 0.00 kg CO2 eq  0.01 kg 0.00 kg CO2 eq 

N2O 0.017 kg 5.04 kg CO2 eq 0.01 kg 2.98 kg CO2 eq 

NO3- 0.744 kg 0.00 kg CO2 eq  0.50 kg 0.00 kg CO2 eq 

PO4- 0.061 kg 0.00 kg CO2 eq  0.04 kg 0.00 kg CO2 eq 

Table 5.9: Characteristics of application emissions 

 

The total emissions produced during fertiliser application due to the food waste 

produced by each community daily were 5.04 and 2.98 kg CO2 eq equating to 

1840.86 and 1088.45 kg CO2 eq for the 3000 and for the 2000 population size 

respectively. The emissions due community of 2000 were 59% of those of 3000. 
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The total emissions due to the anaerobic digestion food waste management 

option are summarised below in Table 5.10 and Figure 5.1. 

 

Anaerobic Digestion Emissions Produced 

 For 3000 For 2000 

Storage emissions  2.57 kg CO2 eq 1.45 kg CO2 eq 

Biogas losses (emissions) 5.14 kg CO2 eq 3.34 kg CO2 eq 

CHP Plant emissions  7.33 kg CO2 eq 4.67 kg CO2 eq 

Application emissions 5.04 kg CO2 eq 2.98 kg CO2 eq 

Sum of daily emissions 20.07 kg CO2 eq 12.44 kg CO2 eq 

Total annual emissions 7330.58 kg CO2 eq 4543.71 kg CO2 eq 

Table 5.10: Emissions for AD food waste management option  

 

The CHP plant produces the highest emissions for both populations whilst 

storage of the digestate generates the least. The percentage of stage by stage 

emissions out of the total when compared for the 2000 to 3000 people for each 

level differ by about  +/- 1%, shown in Figure 5.1 below. 

 

 

Figure 5.1: Anaerobic digestion emissions as a percentage of total emissions.
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5.2 Financial Analysis 

In this section the investment and operational costs are summarised and 

analysed for each food waste management option. 

 

5.2.1 Aerobic liquid food composter 

The expenditure for the LFC is summarised below showing the investment 

made and operating costs for the first year for the aerobic food waste 

management option. 

 

First year expenditure For 3000 For 2000 
 

 

Capital Costs  

Annual Operating costs 

Total Costs 

 

 (£31, 360.00) 

(£4,290.10) 

(35,650.10) 

 

(£31, 360.00) 

(£4,169.00) 

(£35,529.00) 

 

There was a 2% difference of £121 in the operating costs for the first year 

between the two communities despite using the exact same equipment. This 

was due to the quantity of effluent produced that had to be disposed of in the 

sewerage system and was not comparable proportionally to the ratio of food 

waste generated of 3 to 2. 

  

Furthermore the use of the LFC as a waste management option does not 

generate income but there were savings made from not having to send the food 

waste to landfill. The median costs for land fill as estimated by WRAP 2015c 

were £93/tonne inclusive of fees, tax and haulage in 2013 which amounted to 

£20,788.57 and £13,859.05 annually for the communities of 3000 and 2000 

people respectively, the amended expenditure for the first year is shown below. 

 

Amended first year expenditure For 3000 For 2000 
 

 

Capital Costs  

Annual Operating costs 

Savings 

Total costs 

 

 (£31, 360.00) 

(£4,290.10) 

£20,788.57 

(£14,861.53) 

 

(£31, 360.00) 

(£4,169.00) 

£13,859.05 

(£21,669.95) 
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The payback period was determined using the simple payback method (Wood 

and Sangster, 2008) and as there was no income savings minus operating 

costs were used for the calculations. The formula used is shown below. 

 

Payback  period = Capital costs  = time 
   Net Savings 

 

 
For 3000 

Net cash flow  

£20,788.57- £4,290.10 = £16,498.47 

 

£31, 360.00 =1.9years 
£16,498.47 

For 2000 

Net cash flow  

£13,859.05 - £ 4,169.00 = £9690.05 

 

£31, 360.00 = 3.24 years 
£9,690.05 

 

The payback period was 1.9 years (23 months) and 3.24 years (39 months) for 

the community of 3000 and for the 2000 people. This was determined to be the 

minimum payback period by making assumptions such as operating costs 

staying the same and there being no maintenance costs after the warranty 

period of 3 years specifically in the case of the population of 2000. The payback 

period for the 3000 population was 58% of that of the 2000 and can be 

attributed to the amount of savings made in the cost of sending food waste to 

landfill. 

 

5.2.2 Anaerobic food digester 

The option of food waste management using anaerobic digestion was analysed 

in the same way as that for aerobic digestion but there was an income to 

consider as well as the savings made. The results are shown below for both 

cases followed by the calculations for the payback period for both communities. 

 

First Year Expenditure 

Capital costs 

Operating costs 

Sales 

Total costs  

For 3000    

(£247,810.75) 

(£ 4,121.40) 

£2,633.02 

(£249,299.13) 

For 2000  

(£165,791.50) 

(£2737.73) 

£1757.91 

(£ 166,770.32) 
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Amended First Year Expenditure 

Capital costs 

Operating costs 

Sales 

Savings 

Total costs  

For 3000    

(£247,810.75) 

(£ 4,121.40) 

£2,633.02 

£20,788.57 

(£228,510.56) 

For 2000  

(£165,791.50) 

(£2,737.73) 

£1,757.91 

£13,859.05 

(£ 152,911.27) 

 

Payback Period 

 
For 3000 

Net cash flow  

£20,788.57 + £ 2,633.02 - £4,121.40  

=£19,300.19 

 

£247,810.75 = 12.84 years 
£19,300.19 

For 2000 

Net cash flow  

£13,859.05 + £1,757.91 -  £ 2,737.73 

 = £12,879.23 

 

£165,791.50 =  12.87years 
£12,879.23 

 

The payback period for the community of 3000 was 12.84 years (154 months 

and 2.5 days) and that for the 2000 was (154 months and 13.5 days). The 

difference in the payback period between the two is 11 days which is not 

significant financially. 

 

5.3 Sensitivity analysis 

In this section the sensitivity analysis for the environmental and economic 

impacts is reviewed as well as summarised. 

 

5.3.1 Environmental impact. 

The food waste due to a population change of 50% (from 2000 to 3000 people) 

rose by 50% (calculated value) which led to an 11.7% increase in effluent 

disposed of into the sewerage system and an increase of 88.69% in kg CO2 eq 

emissions for aerobic digestion. On the other hand the same change did not 

lead to a similar increase in emissions for anaerobic digestion; they were 

significantly lower than those for aerobic digestion at 61.33%. Doubling the 

population size to 4000 increases emissions for aerobic digestion to almost 
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three times to 9.18 from 3.36 kg CO2 eq and by 101.61% for anaerobic 

digestion. This is summarised in Table 5.11 below. 

 

 
For 2000 (0%) For 3000 (50%) For 4000 (100%) 

LFC Effluent 1569L 11.72% 23.52% 

LFC Emissions 3.36 kg CO2 eq 88.69% 173.21% 

AD and CHP Plants 
emissions 12.44 kg CO2 eq 61.33% 101.61% 

Table 5.11: Sensitivity analysis for the environmental impact 

 

The increases in effluent for the LFC and emissions for the AD were found to be 

more or less in proportion to the growths in population. On the other hand the 

emissions from the LFC did not increase proportionally with the population 

changes. 

 

5.3.2 Financial impact 

This section presents the summary of the sensitivity analysis carried out to 

determine the impact on the finances and payback period, a sample of the 

assessments can be found in Appendix D. The effect on payback period affects 

the time at which profits will start to be made. 

 

5.3.2.1 Aerobic digestion 

The impact due to the percentage changes on the finances and payback period 

(PP) is shown below. 

 

LFC Sensitivity Analysis (finances fall) 

LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

Finances rise by 0% 5% 10% 20% 40% 

Total Operating 

Costs (£) 4290.10 4504.61 4719.11 5148.12 6006.14 

Savings (£) 20788.57 21828.00 22867.43 24946.28 29104.00 

Net (£) 16498.47 17323.39 18148.32 19798.16 23097.86 

PP (year) 1.90 1.81 1.73 1.58 1.36 

Change in PP 

 

0.09 0.17 0.32 0.54 
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LFC Sensitivity Analysis finances rise 

LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

Finances fall by 0% 5% 10% 20% 40% 

Total Operating 

Costs (£) 4290.10 4075.60 3861.09 3432.08 2574.06 

Savings (£) 20788.57 19749.14 18709.71 16630.86 12473.14 

Net (£) 16498.47 15673.55 14848.62 13198.78 9899.08 

PP (year) 1.90 2.00 2.11 2.38 3.17 

Change in PP 

 

-0.10 -0.11 -0.26 -0.79 

 

The sensitivity analysis for the LFC is summarised below in Figure 5.2. 

 

 

Figure 5.2: LFC Sensitivity Analysis summary 
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Changes in costs with savings rising hardly affected the payback period, it only 

became significant at a change in costs of between 20 to 40% which led to a 

decrease in payback period of approximately 3 to 8 months whilst a fall in both 

costs and savings had a similar but opposite effect leading to an increase in the 

payback period. In contrast a fall in savings with a rise in operating costs had a 

more significant effect on the payback period increasing to more than double 

from 1.90 to 4.85 years for the 3000 population size. The results showed that 

changes in costs did not have a significant impact on finances or the payback 

period in comparison to savings. 
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5.3.2.2 Anaerobic digestion 

The sensitivity analysis was done in a similar to that of the aerobic digestion 

system by changing the cost (C), income (I) and or savings (S) to assess the 

impact on the finances and payback period. A summary of the results is shown 

below in Figure 5.3. 

 

 

Figure 5.3: AD and CHP Plants Sensitivity Analysis summary 

[RS – the rest are stable e.g. C falls & RS (income and savings stable); RR –the 

rest rise e.g. C falls & RR (income and savings rise; RF – the rest fall e.g. C 

falls & RF (income and savings fall). 
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Upon reviewing the results of the analysis the changes in the payback period at 

5% are 2 months due to changes in operating costs were the lowest. A fall in 

operating costs in this case led to a decrease in the payback period and 

similarly for a rise. The highest possible decrease in payback period at 5% 

change was 10 months with costs and savings rising whilst income fell. 

 

The highest decrease in in payback period was at 40% amounting to 

approximately 4 years as a result of an increase in savings alone, an increase 

in savings as well as income, and an increase in all three costs i.e. income and 

savings.  

 

On the other hand the highest increase in the payback period was 17 years at a 

40% fall in income and savings. 

 

In conclusion stable or falling savings had a far greater adverse effect on the 

finances and thus the payback period than costs and or income being stable or 

changing. 
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CHAPTER 6 - DISCUSSION 

 

This section presents both a critical discussion of the analysis and a 

comparison with published work identified where applicable. In addition the 

methodology is reviewed. 

 

6.1 Discussion and comparison to other research 

The annual emissions for 2000 people were 1,227.24 for aerobic digestion 

which were 27% of those for anaerobic digestion of 4543.71 kg CO2 eq. When 

the emissions were considered per head it was found that for both options the 

figure was 0.03 kg CO2 eq this was close to the emissions that would have been 

generated of 0.04, 0.24 – 0.48 and 0.29 kg CO2 eq assessed in other studies on 

food waste management by Schott and Canovas 2015. In addition it was found 

that there was a considerable reduction in emissions by 118 and 439 times for 

aerobic and anaerobic digestion respectively when compared to 539.46 tonnes 

CO2 eq that would have been generated by the unmanaged food waste. 

 

When considering different population sizes it was found that anaerobic 

digestion generated emissions more in proportion to changes in population size 

e.g. a 50% increase in population led to the 61.33% in emissions whereas those 

from aerobic digestion were 88.69%. Thus this implies that there is a certain 

population size at which using the liquid food composter as a food waste 

treatment option rather than anaerobic digestion generates higher emissions 

and it therefore seizes to be the better option. 

 

In terms of the outputs produced from AD one tonne of food waste produced 

830kg of digestate and 170kg of biogas (Banks et al, 2008) being equivalent to 

581kg of digestate and 119kg of biogas at 70% operating capacity (Andersons 

2010). In the case of this research 0.612 tonnes of food waste produced 571 kg 

of digestate equating to 933kg per tonne and 40.97kg of biogas equivalent to 

66.94kg per tonne. The yield in outputs is different with the digestate being 

higher whilst the biogas lower. The differences can be attributed to various 

reasons such as the actual composition of the food waste, raw, cooked, plant 

and or animal content to name a few.  
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For the third output of energy 1 tonne of food waste has a potential energy 

production value of 405kWh (Banks et al, 2010) or 6.7kWh/m3 (Andersons, 

2010) that is equivalent to 247.86kWh or 260.63kWh respectively for 0.612 

tonnes which is comparable to 244.83 kWh that was generated in this case. In 

addition 1m3 of biogas from AD according to Pham et al 2015 is able to 

generate 2.04kWh of electricity at 35% efficiency amounting to 79.356kWh for 

38.90m3 of biogas produced which is close to the 78kWh obtained in the LCA. 

 

In addition to being a more viable option environmentally the LFC was also 

economically more feasible for the small communities. In financial terms the 

LFC was 6.77 times less costly with a 7.9 times shorter payback period than the 

AD and a CHP plants one. Moreover this would still be the case even with a 

population of 4000 whose food waste would equate to 816kg. On the other 

hand for AD a rise in the quantity of food waste to the same amount would 

require an increase in the volume of the AD plant and capacity of the CHP 

plants, as the cost of both of these is more dependent on capacity (Andersons, 

2010) the economies of scale will not apply for the population growth to 4000. 

 

6.2 Assessment of research and issues arising 

The main issue that arose in carrying out the research stems from some of the 

data that was used as it was not up to date and was from differing years e.g. the 

costs for water were for 2011 to 2012 whilst those for electricity were for the 

year 2014, this also applied to food waste and emissions values. The reasons 

for this are mainly the unavailability and the limited access to national data and 

or publications. This then means that the results are estimates and not exact 

figures for this year although this does not render them inaccurate. 
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CHAPTER 7 - CONCLUSION 

 

This chapter includes the key findings from this research and the 

recommendations for further work are identified. 

 

7.1 Key Findings 

1. Aerobic digestion using the LFC produces 73% less emissions than 

anaerobic digestion for the communities. 

 

2. The rise in emissions with a growth in population was far greater for aerobic 

digestion than anaerobic using the LFC. 

 
3. The reduction in emissions due to the employment of food waste 

management rather than disposal to landfill was 100 to 400 times. 

 

4. The increase in effluent from the LFC was proportional to the rise in 

population. 

 

5. The cost of using the LFC for waste disposal as opposed to an AD and CHP 

plants if managed by a small community was more financially viable as the 

initial investment as well as the payback period. 

 

6. Changes in operating costs and or savings for the LFC whether rises or falls 

did not change the payback period drastically to the point where it was equal 

to that of the AD and CHP plants (lowest being at 8.17 years). The 

maximum for the LFC was 4.85 years just over half of that for the AD and 

CHP plants. 

 
7. The lowest possible payback period for the LFC was 1.18 years versus that 

of 8.17 for the AD and CHP plants. 

 
8. The LFC food waste management option was more feasible for the small 

communities in both environmental and financial impact. 
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7.2 Recommendations 

1. Research into the possibility of re-using the waste water from the liquid food 

composter in the composter itself after filtration and post treatment and the 

effect on the outputs. 

 

2. Research into the use of the LFC effluent to be used as fertiliser. 

 
3. Repeat the research using food with different characteristics (higher animal 

or plant material) to determine the effect (composition and quantities) on the 

outputs (emissions, digestate, biogas and energy) and thereby climate 

change of for the same sizes of communities 

 
4. Repeat the research into the environmental and financial impact of using a 

combination of two or more, smaller capacity liquid food composter 

machines for the same community populations as the LFC – 500 model was 

not fully utilised by either one. 

 
5. Repeat the research analysing other environmental impacts such as ozone 

depletion, terrestrial acidification, freshwater and / or marine eutrophication 

as well as fossil depletion (EEA, 2015). 
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APPENDIX A 

 

Water and sewerage charges 

OFWAT cost of water data for households (page 11, 12/16) 
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APPENDIX B 

 

Electricity charges (page 33) 
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APPENDIX C 

 

Liquid Food Composter (LFC -500) data and information 

(courtesy of Brunel University as provided by UK Power Knot agent) 

 

Amount of food decomposed in 16 hours 600kg 

Cost of Machine $49,000.00 

Monthly Cost of Powerchips (500 litre) $83.33 

Monthly Cost of Powerzyme $95.83 

  

Capacity per day 500 – 900kg 

Energy consumption per day 17kWh 

Water consumption per day 1200 litres 

Operating lifetime 15 to 25 years 

Warranty 3 years 
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APPENDIX D 

Sensistivity Analysis 

This appendix contains a sample of the sensitivity analysis, the full analysis can 

be found on the cd that accompanies this report. 

 

LFC Sensitivity Analysis 
    LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

Finances rise by 0% 5% 10% 20% 40% 

Energy (£) 620.93 651.98 683.02 745.12 869.30 

Water (£) 1128.63 1185.06 1241.49 1354.36 1580.08 

Bio-chips (£) 641.40 673.47 705.54 769.68 897.96 

Microorgs. (£) 737.64 774.52 811.40 885.17 1032.70 

Sewage (£) 1161.50 1219.58 1277.65 1393.80 1626.10 
Total Op Costs 
(£) 4290.10 4504.61 4719.11 5148.12 6006.14 

Savings (£) 20788.57 21828.00 22867.43 24946.28 29104.00 

Net (£) 16498.47 17323.39 18148.32 19798.16 23097.86 
Payback period 
(yr) 1.90 1.81 1.73 1.58 1.36 
Change in 
Payback 

 
0.09 0.17 0.32 0.54 

 
 

     LFC Sensitivity Analysis 
    LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

Finances fall by 0% 5% 10% 20% 40% 

Energy (£) 620.93 589.88 558.84 496.74 372.56 

Water (£) 1128.63 1072.20 1015.77 902.90 677.18 

Bio-chips (£) 641.40 609.33 577.26 513.12 384.84 

Microorgs. (£) 737.64 700.76 663.88 590.11 442.58 

Sewage (£) 1161.50 1103.43 1045.35 929.20 696.90 
Total Op Costs 
(£) 4290.10 4075.60 3861.09 3432.08 2574.06 

Savings (£) 20788.57 19749.14 18709.71 16630.86 12473.14 

Net (£) 16498.47 15673.55 14848.62 13198.78 9899.08 
Payback period 
(yr) 1.90 2.00 2.11 2.38 3.17 
Change in 
Payback 

 
-0.10 -0.11 -0.26 -0.79 
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LFC Sensitivity Analysis (Op costs fall and savings rise) 
 LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

LFC Op Costs fall 0% 5% 10% 20% 40% 

Energy (£) 620.93 589.88 558.84 496.74 372.56 

Water (£) 1128.63 1072.20 1015.77 902.90 677.18 

Bio-chips (£) 641.40 609.33 577.26 513.12 384.84 

Microorgs. (£) 737.64 700.76 663.88 590.11 442.58 

Sewage (£) 1161.50 1103.43 1045.35 929.20 696.90 

Total Op Costs (£) 4290.10 4075.60 3861.09 3432.08 2574.06 

Savings (£) 20788.57 21828.00 22867.43 24946.28 29104.00 

Net (£) 16498.47 17752.40 19006.34 21514.20 26529.94 
Payback period 
(yr) 1.90 1.77 1.65 1.46 1.18 
Change in 
Payback 

 
0.13 0.25 0.44 0.72 

      LFC Sensitivity Analysis (Op costs rise and savings fall) 
 LFC Cost (£) 31360.00 31360.00 31360.00 31360.00 31360.00 

LFC Op Costs 
rises 0% 5% 10% 20% 40% 

Energy (£) 620.93 651.98 683.02 745.12 869.30 

Water (£) 1128.63 1185.06 1241.49 1354.36 1580.08 

Bio-chips (£) 641.40 673.47 705.54 769.68 897.96 

Microorgs. (£) 737.64 774.52 811.40 885.17 1032.70 

Sewage (£) 1161.50 1219.58 1277.65 1393.80 1626.10 

Total Op Costs (£) 4290.10 4504.61 4719.11 5148.12 6006.14 

Savings (£) 20788.57 19749.14 18709.71 16630.86 12473.14 

Net (£) 16498.47 15244.54 13990.60 11482.74 6467.00 
Payback period 
(yr) 1.90 2.06 2.24 2.73 4.85 
Change in 
Payback 

 
-0.16 -0.18 -0.49 -2.12 
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AD Sensitivity Analysis (All finances rise) 
  Plant Costs (£) 247810.75 247810.75 247810.75 247810.75 247810.75 

Finances change 0% 5% 10% 20% 40% 

Energy (£) 17.89 18.78 19.68 21.47 25.05 

Transport (£) 1341.2 1408.26 1475.32 1609.44 1877.68 

Maintenance (£) 916.08 961.88 1007.69 1099.30 1282.51 

Insurance (£) 1846.23 1938.54 2030.85 2215.48 2584.72 

Tot Op Costs 4121.4 4327.47 4533.54 4945.68 5769.96 

Electricity (£) 1424.48 1495.70 1566.93 1709.38 1994.27 

Heat (£) 668.41 701.83 735.25 802.09 935.77 

Digestate (£) 1668.56 1751.99 1835.42 2002.27 2335.98 

Income at 70% 2633.015 2764.67 2896.32 3159.62 3686.22 

Savings (£) 20788.57 21828.00 22867.43 24946.28 29104.00 

Net (£) 19300.19 20265.19 21230.20 23160.22 27020.26 
Payback period 
(yr) 12.84 12.23 11.67 10.70 9.17 

Change in Payback 
 

0.61 1.17 2.14 3.67 

      

      AD Sensitivity Analysis (Op Costs rising and the rest stable) 
 Plant Costs (£) 247810.75 247810.75 247810.75 247810.75 247810.75 

Finances change 0% 5% 10% 20% 40% 

Energy (£) 17.89 18.78 19.68 21.47 25.05 

Transport (£) 1341.2 1408.26 1475.32 1609.44 1877.68 

Maintenance (£) 916.08 961.88 1007.69 1099.30 1282.51 

Insurance (£) 1846.23 1938.54 2030.85 2215.48 2584.72 

Tot Op Costs 4121.4 4327.47 4533.54 4945.68 5769.96 

Electricity (£) 1424.48 1424.48 1424.48 1424.48 1424.48 

Heat (£) 668.41 668.41 668.41 668.41 668.41 

Digestate (£) 1668.56 1668.56 1668.56 1668.56 1668.56 

Income at 70% 2633.015 2633.015 2633.015 2633.015 2633.015 

Savings (£) 20788.57 20788.57 20788.57 20788.57 20788.57 

Net (£) 19300.19 19094.12 18888.05 18475.91 17651.63 
Payback period 
(yr) 12.84 12.98 13.12 13.41 14.04 

Change in Payback 
 

-0.14 -0.28 -0.57 -1.20 
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AD Sensitivity Analysis (All finances falling) 
  Plant Costs (£) 247810.75 247810.75 247810.75 247810.75 247810.75 

Finances change 0% 5% 10% 20% 40% 

Energy (£) 17.89 17.00 16.10 14.31 10.73 

Transport (£) 1341.2 1274.14 1207.08 1072.96 804.72 

Maintenance (£) 916.08 870.28 824.47 732.86 549.65 

Insurance (£) 1846.23 1753.92 1661.61 1476.98 1107.74 

Tot Op Costs 4121.4 3915.33 3709.26 3297.12 2472.84 

Electricity (£) 1424.48 1353.26 1282.03 1139.58 854.69 

Heat (£) 668.41 634.99 601.57 534.73 401.05 

Digestate (£) 1668.56 1585.13 1501.70 1334.85 1001.14 

Income at 70% 2633.015 2501.36 2369.71 2106.41 1579.81 

Savings (£) 20788.57 19749.14 18709.71 16630.86 12473.14 

Net (£) 19300.19 18335.18 17370.17 15440.15 11580.11 
Payback period 
(yr) 12.84 13.52 14.27 16.05 21.40 

Change in Payback -0.68 -1.43 -3.21 -8.56 

      

      AD Sensitivity Analysis (Op Costs falling and the rest stable) 
 Plant Costs (£) 247810.75 247810.75 247810.75 247810.75 247810.75 

Finances change 0% 5% 10% 20% 40% 

Energy (£) 17.89 17.00 16.10 14.31 10.73 

Transport (£) 1341.2 1274.14 1207.08 1072.96 804.72 

Maintenance (£) 916.08 870.28 824.47 732.86 549.65 

Insurance (£) 1846.23 1753.92 1661.61 1476.98 1107.74 

Tot Op Costs 4121.4 3915.33 3709.26 3297.12 2472.84 

Electricity (£) 1424.48 1424.48 1424.48 1424.48 1424.48 

Heat (£) 668.41 668.41 668.41 668.41 668.41 

Digestate (£) 1668.56 1668.56 1668.56 1668.56 1668.56 

Income at 70% 2633.015 2633.015 2633.015 2633.015 2633.015 

Savings (£) 20788.57 20788.57 20788.57 20788.57 20788.57 

Net (£) 19300.19 19506.26 19712.33 20124.47 20948.75 
Payback period 
(yr) 12.84 12.70 12.57 12.31 11.83 

Change in Payback 0.14 0.27 0.53 1.01 

 

 


