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1 Introduction 

1.1 Overview 

The carbon footprint of the Tilbury Green Power (TGP) facility is defined as the net balance 
in the amount of greenhouse gases measured in units (or tonnes equivalent) of carbon 
dioxide; CO2. 

A carbon footprint includes CO2 emissions associated with the transport of raw materials to 
the site, the consumption of fuel and electricity on site and transport of waste generated by 
the processes on-site. 

1.2 Policy and legislation 

The UK Climate Change Programme published by the Department for Environment, Food 
and Rural Affairs (Defra) in 2006 sets out a number of national policies for reducing 
greenhouse gas emissions by the period 2008 – 2012 to 12.5% below 1990 levels, and for 
reducing CO2 emissions alone by 2010 to 20% below 1990 levels.  Although the UK 
Government is committed to reducing greenhouse gas emissions, as required by the Kyoto 
Protocol, there are no statutory requirements for the reduction of greenhouse gases at the 
sub-national level.  The EU Emissions Trading Scheme focuses on industrial installations.  

In addition, the 2006 Stern Review states that in order for global stabilisation of atmospheric 
greenhouse gas concentration of 450-550 ppm CO2e

1 to be achieved, countries such as the 
UK need to reduce their CO2 emissions by 60% by 2050 compared to 1990 levels. 

The UK Climate Change Programme includes a projection that emissions of greenhouse 
gases from:  

• the transport sector would increase by 13% between 1990 and 2010, and by 20% 
between 2000 and 2010.  Approximately 96% of total greenhouse gas emissions from 
the transport sector are CO2 with the remainder being made up of methane 
(associated with gas powered vehicles) nitrous oxide (associated with catalytic 
converters) and hydrofluorocarbons (associated with air conditioning and refrigeration 
units).  Overall, in 2004 the transport sector contributed 27% of the CO2 emissions in 
the UK; and 

• the energy sector would decrease by around 25% between 1990 and 2010 and by 
30% between 1990 and 2020.  Approximately 95% of the total greenhouse gas 
emissions from the energy sector are CO2 with the remainder comprising methane 
and nitrous oxides. 

                                                 
1 CO2e : CO2 equivalent, the global warming potential of all greenhouse gases ‘normalised’ to their equivalent 
contribution if they were measured as carbon dioxide 
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In January 2000, the UK Government introduced a target for renewable energy to make up 
10 % of electricity supplied by 2010.  The Renewables Obligation requires electricity 
suppliers to generate 10 % of their electricity by renewable means.  Each megawatt hour 
produced earns a Renewable Obligation Certificate (ROC) which is used to meet their 
obligation (or can be sold to suppliers who make a shortfall in their obligation).  At the end of 
2005, generation from renewables stood at 4.2 % of total electricity generation (according to 
the 2006 Digest of UK Energy Statistics). 

Similarly, the UK Government is introducing the Renewable Transport Fuel Obligation 
(RTFO) which will require fuel suppliers to ensure that a part of the fuel they sell contains a 
renewable fuel element.  The Obligation will be introduced in 2008-9 with the target set at 
5 % by 2010-11. 

The UK Government is due to publish its final Climate Change Bill which will impose 
statutory targets for reduction of greenhouse gases as well as carbon budgets as a national 
target, which will set into statute a reduction of 60% of CO2 emissions by 2050. 
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2 Assessment Methodology 

2.1 Overview 

In order to assess the carbon footprint of a process, both the sources required and offsets 
produced of carbon need to be identified and quantified in order to determine the overall 
impact of the process.  

The Carbon Trust (UK) suggests analysing the carbon footprint by using the supply chain 
model, identifying the potential emissions at each stage of the chain.  Using a method such 
as this allows easy accounting of carbon emissions, which in turn allows the key emissions 
areas to be identified and, if necessary, mitigated or improved.  Consequently, by identifying 
key areas of carbon emissions it may be possible to introduce efficiency measures to drive 
down overall process costs.  

The key steps in the methodology are as follows: 

• defining the boundary of the carbon footprint; 

• identifying the key processes and resources that are required for the project to 
become operational; 

• quantifying each source based on published standards and methodologies; 
quantifying offsets bases on published standards and methodologies; 

• creating a ‘map’ of carbon emissions to identify potential for reduction; and 

• assessing the significance of the project in relation to national and international 
standards. 

Note that only CO2 emissions are included within this assessment, as these are likely to be 
the dominant source of greenhouse gas emissions and have the most robust published 
emission factors and methodologies.  However, further detailed analyses of emissions of 
significance to local air quality have been carried out as part of the Environmental Statement. 

In assessing the emissions, a consistent approach to calculating the emissions is used.  For 
transport related emissions, the number of vehicle movements and their distance from origin 
to destination is used to calculate the emissions produced with referenced to published 
emission factors: 

CO2 associated with transport (kgCO2) = Distance travelled (km) x CO2 Emissions 
factor for transport (kgCO2/km) 

Carbon emissions offset can be calculated by taking the amount of electricity produced by 
the TGP facility (not including energy required by the process itself) and calculating the 
emissions that would have been produced had the fuel and electricity been produced by 
conventional means (assuming either coal fired generation or natural gas fired generation): 

CO2 associated with power export (kgCO2) = Electricity exported (in kWh) x CO2 
Emissions factor for electricity (kgCO2/kWh) 
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2.2 Defining the boundary 

2.2.1 Background 

The proposed TGP facility will combust a fuel mix constituting approximately 50% biomass 
and 50% Solid Reclaimed Fuel (SRF) (based on energy input).  The relative calorific 
contents of biomass (approximately 9.5 MJ/kg) and SRF (approximately 14 MJ/kg) and the 
masses of each material to be combusted mean that the overall energy inputs into the plant 
are equal.  For comparison with other conventional energy generation methods, an operating 
period of twenty five years has been assumed for the power island element of the TGP 
facility. 

The boundary of the footprint outlines all the areas and project elements that are considered 
within assessment process.  The boundary for assessing the carbon footprint is presented 
below. 

2.2.2 Biomass 

50% of the energy input to power generation at the TGP facility will be provided by biomass.  
Over the lifetime of the power generation at the TGP facility the origin of the biomass fuel will 
vary and, therefore, subsequent CO2 emissions associated with its transportation will also 
vary.  The biomass will be sourced from three different locations, North America, Northern 
Europe and the United Kingdom.  A conservative distance to North America from the UK has 
been assumed.  Similarly, biomass from Northern Europe is assumed conservatively to 
originate from Baltic states (in reality, processed biomass sources are likely to originate from 
ports on the English Channel).  UK biomass will be sourced from the local area incorporating 
Thurrock, Essex and the London area. 

The following elements to be assessed are presented below: 

• direct process emissions: the release of CO2 from the combustion of fuels to generate 
heat, electricity, or both.  This includes combustion of the materials themselves, as 
well as any pre-treatment requirements, and other auxiliary energy demands of the 
facility; 

• transportation: the transport of raw materials to the site.  This includes the delivery of 
the fuels and other important process materials; 

• emissions avoided: power generation or waste disposal using ‘carbon-neutral’ 
methods that prevent or avoid the release of CO2 from traditional generation or 
disposal; and 

• emissions associated with disposal of waste: any residual products from the process 
must be further disposed of, which involves transportation of waste to landfill. 
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In the UK, the combustion of biomass is regarded as ‘carbon neutral’.  This means that there 
is no net increase in the overall atmospheric carbon burden as a result of the combustion of 
biomass; carbon neutrality is based upon the assumption that carbon is ‘locked up’ in 
biomass during its growth and then released during its combustion, and that this is a 
repeatable cycle, often referred to as short-cycle or biogenic CO2.  Conversely, fossil fuels 
include locked carbon which cannot be replaced following its release (i.e. combustion) in a 
meaningful timescale.  This is sometimes referred to as fossil carbon or non-biogenic CO2. 

The extent of the emissions from shipping of biomass has been estimated using the London 
Atmospheric Emissions Inventory (LAEI).  The method takes the distance the ship travels 
divided by speed of the vessel to calculate the number of hours the vessel is at sea for.  This 
is then multiplied by the engine rating (load factor) during shipping (80%) to estimate the 
number of kilowatt-hours of fuel consumed during the shipping.  This is then multiplied by the 
emission factor for that vessel to calculate the emissions from the shipping itself.  There is 
also a contribution while the vessel is docked, which is calculated in the same way: the 
number of hours the ship is docked for is multiplied by the engine rating (20%) and the 
relevant emission factor.  The shipping and docked phase emissions are then added 
together to derive the overall emissions of CO2.  

2.2.3 SRF 

50% of the energy input to power generation at the TGP facility will be provided by SRF.  
SRF (assumed to be at least 90% organic content) is the organic fraction of the municipal 
and commercial / industrial waste stream which can be combusted to generate electricity.  
The disposal of waste is currently a key consideration for local authorities across the UK 
which has traditionally seen a large proportion of waste sent to landfill. 

A mixture of municipal and commercial / industrial waste will be sourced from Thurrock and 
sorted at the proposed on site Mechanical Biological Treatment/Mechanical Heat Treatment 
(MBT/MHT) plant to generate SRF.  The remainder is inert materials which will either be 
recycled or diverted to landfill (note that the fate of materials separated for recycling is 
outside the scope of this assessment).  The separation process requires additional energy 
demand including direct electricity and heat. 

For the first eighteen months that the TGP facility is operational, the on site MBT/MHT plant 
will generate SRF which will be sold for off site use.  After this period, when the Power Island 
comes into commission, the SRF will be combusted (with the biomass element) to generate 
energy.  

The following elements to be assessed are presented below: 

• direct process emissions: the release of CO2 from the combustion of fuels to generate 
heat, electricity, or both.  This includes combustion of the materials themselves, as 
well as any pre-treatment requirements, and other energy demands of the facility; 

• transportation: the transport of raw materials to the site.  This includes the delivery of 
the fuels and other important process materials; 
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• emissions avoided: power generation or waste disposal using ‘carbon-neutral’ 
methods that prevent or avoid the release of CO2 from traditional generation or 
disposal; and 

• emissions associated with disposal of waste: any residual products from the process 
must be further disposed of. 

2.2.4 Conventional generation - coal and natural gas fuels 

To contextualise the potential carbon savings of the biomass fuel element of the TGP facility, 
carbon emissions have been estimated from similar electrical output coal and natural gas 
fired power stations.  This has been estimated based on the amount of coal or natural gas 
required to deliver the same electrical output, as well as the emissions associated with 
transport of fuels and wastes.  When calculating these emissions the following boundaries 
have been identified: 

• direct process emissions: the release of CO2 from the combustion of fuels to generate 
heat, electricity, or both.  This includes combustion of the materials themselves, as 
well as any pre-treatment requirements, and other energy demands of the facility; 

• transportation: the transport of raw materials to the site.  This includes the delivery of 
the fuels and other important process materials; 

• emissions avoided: power generation or waste disposal using ‘carbon-neutral’ 
methods that prevent or avoid the release of CO2 from traditional generation or 
disposal; and 

• emissions associated with disposal of waste: any residual products from the process 
must be further disposed of. 

2.2.5 Landfill 

To contextualise the potential carbon savings of the SRF fuel element of Tilbury TGP facility, 
carbon emissions have been compared to those arising if the waste had been sent to landfill. 

Waste sent to landfill generates greenhouse gases though the biogenic breakdown of the 
organic matter it contains.  This produces a mixture of gas, including methane and carbon 
dioxide.  Some of this gas can be recovered and used and combusted to generate heat and 
electricity, which can contribute to the avoided emissions; most landfill sites in the UK 
incorporate this technology and therefore it is assumed that this is the case within this 
assessment.  The remainder of generated greenhouse gases are released to the 
atmosphere and therefore has its own impact on the carbon balance. 

The following elements of the process have been considered: 

• direct process emissions: the release of methane from the decomposition of the 
waste, based on the waste composition; 

• transportation: the transport of raw materials to the site.  This includes the delivery of 
the waste to the site; 
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• emissions avoided: methane captured for power generation from landfill gas recovery 
will avoid emission from traditional thermal power sources; and 

• emissions associated with disposal of waste: not relevant for landfill as it is the 
ultimate destination for the waste. 

2.2.6 Assumptions 

A number of additional assumptions have been made for each of the contributing factors as 
outlined above: 

• total electrical output is assumed as 60MWe at 8000 hours operation equating to 
480,000MWh; 

• total waste to be processed is 300,000 tonnes per year split between 80,000 tonnes 
municipal solid waste and 220,000 commercial and industrial wastes; and 

• emissions from ships transporting raw materials are calculated one way only.  It is 
assumed that, given typical maritime charter arrangements, they would reload before 
heading to some other destination, therefore not contributing to the proposed 
schemes carbon footprint.  Road distances are calculated including return journeys.  
It has been assumed that articulated lorries will be used with an emission factor of 
1.178 kgCO2/km and 0.818 kgCO2/km when empty. 

The quantity of biomass to be combusted each year (following commissioning of the Power 
Island) and the locations from which the biomass is sourced are presented in Table 2.1. 

Table 2.1: Sources of biomass for the proposed scheme  

Percentage 
sources 

Year from 
Commissioning 
of Power Island 

Biomass 
Required 
(tonnes) US EU UK 

1 300,000  90% 0% 10% 
2 300,000 70% 10% 20% 
3 300,000 50% 20% 30% 
4 300,000 20% 30% 50% 
5 300,000 10% 30% 60% 
6 300,000 0% 30% 70% 
7 300,000 0% 20% 80% 

8 onwards 300,000 0% 10% 90% 

 

The MBT/MHT is assumed to have a demand of 108 KWh electricity and 249 kWh of heat 
per tonne of waste processed.  Table 2.2 summarises the assumed outputs from 300,000 
waste inputted into the MBT/MHT process. 

Table 2.2: Processed quantities from MBT/MHT process 

Classification Amount 
(tonnes) 

Percentage of Raw 
Waste 



Tilbury Green Power Facility  Mott MacDonald 
Carbon Assessment  TGP 

 

8 
 

Classification Amount 
(tonnes) 

Percentage of Raw 
Waste 

SRF for 
combustion 

203,200 68% 

glass 14,800 5% 
plastics 30,400 10% 
ferrous 7,000 2% 
non-ferrous 3,800 1% 
residuals to landfill 30,400 10% 

 

When assessing the impact from waste transport to the onsite MBT/MHT plant, no emissions 
have been included.  It has been assumed that no overall increase in CO2 emissions will 
result as the waste would have previously been collected and taken to landfill and therefore 
trips generated cancel each other out.  Carbon emissions emitted from the combustion of 
SRF are assumed as zero as SRF qualifies for ROCs (being at least 90% organic material) 
and therefore has no overall contribution to carbon emissions. 

Assumptions for the transportation of waste from the combustion of SRF have been 
considered.  It has been assumed that ash waste will be taken to Rainham marshes which is 
a landfill site situated 17.5km west of the site.  Hazardous waste (largely air pollution control 
residues) will be removed and transported to Cheshire which is approximately 350 km from 
the Tilbury TGP facility.   

Coal fired power stations and natural gas fired power stations have both been used as 
contextual comparisons (to provide worst case and realistic case alternative conventional 
generation) to quantify the amount of CO2 potentially saved by the proposed development.  
When calculating total emissions from coal fired generation, the transportation of fuel along 
with combustion emissions has been considered.  To estimate CO2 emissions from a natural 
gas fired power station producing 60MWe only the combustion emissions have been 
calculated.  It can be assumed that no emissions would be associated with transportation 
due to fuel arriving by pipeline. 

2.2.7 Note on emission factors 

Emission factors throughout the assessment have been sourced using published reference 
sources and are noted within the text.  It should be remembered that all emission factors are 
subject to a degree of uncertainty and therefore the calculations derived should be 
considered as approximations.  Emission factors for energy use, for example, are subject to 
the exact operating regimes and fuel type, while transport emissions vary between vehicle 
type, and usage patterns such as the vehicle speed. 

In order to determine the emission factor for average grid electrical consumption (and to 
estimate avoided emissions), emission factors supplied by Defra were used in combination 
with the energy statistics presented in the Digest of UK Energy Statistics (DUKES) to derive 
an average grid emission factors.  This was done by calculating the sum of the emissions of 
CO2 from each type of power generation (coal, natural gas, oil etc.) divided by the total 
electricity supplied to the grid (net).  In this way the individual efficiencies of each type of 
power generation are also accounted for.  The overall emission factor for the grid was 
calculated as 520 kg/MWh supplied to the grid.  The derivation of this emission factor is 
presented in Table 2.3. 
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Table 2.3: Derivation of grid emission factor (2006 base data) 

Generation 
Method 

Coal Oil Gas Nuclear Renewable Other Total 

Fuel Consumed 
GWh 

378805 15075 328515 213661 38896 20865  

Emission Factor 
(t/GWh) 

320 270 190 0 0 320  

kTonnes CO2 
emitted 

121,218 4,070 62,418 0 0 6,677 194,383 

Total electricity supplied to the grid (2006) = 376793 GWh 

Tonnes CO2/GWh = 194,383,000 tonnes CO2 / 376793 GWh = 520 kg/MWh 
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3 Carbon Assessment 

3.1 Introduction 

50% of the energy input to power generation at the TGP facility will be provided by biomass.  
This component of fuel input has been contextualised against traditional conventional 
generation (assuming both coal and natural gas as fuels) in Section 3.2 below.  50% of the 
energy input to power generation at the TGP facility will be provided by SRF.  This 
component of fuel input has been contextualised against landfill disposal of waste in Section 
3.3 below. 

3.2 Comparison of carbon generation 

The following section provides a comparison between biomass and traditional thermal 
electrical production in terms of carbon generation. 

3.2.1 Transport of fuels 

(i) Biomass 

A total of 300,000 tonnes of biomass will be delivered to the facility each year.  The sources 
of raw materials delivered and distances travelled are summarised in the assessment 
methodology.  The number of ships and Lorries for each of the operational years is 
presented in Table 3.1. 

Table 3.1: Number of ships and lorries due to travel from each destination during each 
year of operation  

Location Year 
Following 
Commissionin
g of Power 
Island 

US 
Ships 

EU Ships UK 
Barges 

UK Lorries 

1 9 0 10 250 
2 7 1 20 500 
3 5 2 30 750 
4 2 3 50 1250 
5 1 3 60 1500 
6 0 3 70 1750 
7 0 2 80 2000 
8 onwards 0 1 90 2250 
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Biomass arriving from the US and from the EU will be shipped to the TGP facility on ships 
with a capacity of 30,000 tonnes.  The contribution from the UK will arrive to the site via road 
and barge. The UK contribution will be split 20%by road and 80% by barge.  Of the 20% 
arriving by road this will be split equally between Greater London and Essex each with a 
return journey distance of 120km and 200km respectively.  Biomass barged from within the 
UK is assumed to arrive from west London with a conservative distance to the scheme of 
100km.  To calculate emissions using the LAEI method parameters from a tug have been 
used.  The assumptions made for shipping are presented in Table 3.2. 

Table 3.2: Assumptions in ship emission calculations (LAEI Method) 

Method 
Vessel Type Engine 

Rating a 

(kW) 

CO2  
Emission 

Factor  
(kg/kWh) 

 

Distance 
Travelled 

(km) 
Speed 
(km/h)

Travelling 
Time one 
way (hrs) 

Time 
at 

Port 
(hrs) 

Bulk Carrier 
From USA 10,837 0.624 8000 26 269 168  

Bulk Carrier 
From Europe 
(Baltic) 

10,837 0.624 1500 26 38 168 

Tug From 
West London 
UK 

2,544 0.705 100 22 5 27.5 

Notes: a) Engine power has been up-rated according to the increased tonnage of cargo, compared to that assumed in the 

London Air Emissions Inventory 

The calculation used to estimate total CO2 ship emissions based on the assumptions in 
Table 3.2: 

Power required (kWh)  x  Emission Factor  x Number of ships 

It is assumed that the biomass transported by road will be by articulated lorries with a 
capacity of 24-tonnes.  This allows the calculation of the number of lorries required to deliver 
biomass fuel by road.  Distances to Essex (200 km) and Greater London (120 km) have also 
been calculated and the overall CO2 emissions have been estimated based on the CO2 
emission factors provided by Defra2, which assumes an emission rate of 1.178 kgCO2/km for 
an articulated lorry. 

The overall emissions estimates are presented in Table 3.3. 

 

 

 

                                                 
2 http://www.defra.gov.uk/environment/business/envrp/pdf/envrpgas-annexes.pdf 
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Table 3.3:  Estimated emissions CO2 (tonnes) from transportation of biomass  

Emissions from source 
UK Year 

Following 
Commissioni
ng of Power 
Island 

US EU 

Barges Lorries 

Total Percentage 
of Lifetime 

Total 

1 17026 0 164 49 17239 17 
2 13242 539 328 98 14207 14 
3 9459 1079 492 146 11175 11 
4 3784 1618 819 244 6465 6 
5 1892 1618 983 293 4785 5 
6 0 1618 1147 341 3106 3 
7 0 1079 1311 390 2780 3 

8 onwards 0 539 1475 439 2453 2 
Totals 45403 17253 31793 9458 103907  

 
 
Over the lifetime of the project it is estimated that 103,907 tonnes of CO2 will be produced via 
the transport of biomass from the assumed origins.   

(ii) Conventional Generation - Coal 

Coal fired power stations produce emissions associated with transport, therefore adding to 
the global carbon balance.  To calculate the amount of CO2 produced by a coal power station 
through transportation emissions from shipping the coal has been calculated. 

To calculate emissions from the transportation of coal the following parameters have been 
used in conjunction with the LAEI method.  These are presented in Table 3.4: 

Table 3.4:  Assumptions in emission calculations (LAEI Method) 

Method 
Vessel 
Type 

Engine 
Rating a 

(kW) 

CO2  
Emission 

Factor  
(kg/kWh) 

Distance 
Travelled 

(km) 
Speed 
(km/h)

Travelling 
Time one 
way (hrs) 

Time 
at 

Port 
(hrs) 

Bulk 
Carrier 
From 
Russia 

10,837 

 

0.624 3000 26 115 168 

 

It is assumed that a coal-fired plant has an efficiency of 30%, meaning that to generate 
240,000 MWh, a thermal input of 800,000 MWh is required.  Based on a calorific value for 
coal of 28.5 MJ/kg, it was calculated that 101,400 tonnes of coal would be required to 
generate the proposed TGP facility electrical output.  This quantity of fuel was used to 
estimate the shipping emissions associated with conventional coal generation. 
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Three ships would be required annually assuming that they would be of the same capacity as 
ships transporting biomass.  It has been assumed that the ships would originate from Russia 
providing a travelling distance of 3000km from source to destination (conservatively 
assuming Baltic routes).  In reality, coal may be transported further distances including 
possible origins in Indonesia or Australia.  This assumption is therefore conservative. 

(iii) Conventional generation - natural gas 

It has been assumed that all natural gas transported to a power station equalling the 
electrical output produced from the biomass at the TGP facility would arrive by pipeline.  
Therefore there would be no associated CO2 emissions and no transport emissions have 
been calculated. 

3.2.2 Direct emissions from combustion 

(i) Overview 

The proposed TGP facility is designed to produce 60MW electrical corresponds 
approximately to an annual average of 480,000 MWh (assuming 8000 operational hours).  
Half of this electrical output is assumed to be generated by the biomass fuel (therefore 
biomass contributes 240,000 MWh).  This generated renewable power is assumed to 
displace that of power generated by conventional means i.e. by coal and natural gas.  Defra 
provides an emission factor for electricity provided by coal and natural gas power stations of 
0.32 and 0.19 tonnesCO2/kWh respectively.  Therefore the offset of CO2 from power 
generated at the site is calculated using the assumptions presented in the following 
subsections. 

(ii) Biomass 

Combustion of biomass at the TGP facility will release CO2 emissions.  Biomass is 
considered to be ‘carbon-neutral’ as it releases short-cycle, biogenic CO2 in to the 
atmosphere which was originally absorbed through the growth of the fuel, and based on the 
assumption that this is a repeatable cycle.  Therefore the emissions arising from the direct 
combustion of biomass are considered to be zero. 

(iii) Conventional generation- coal 

Combustion of coal leads to the direct emissions of CO2 from the carbon that was locked 
within the fuel.  This is not short-cycle CO2 like biomass (where CO2 emissions are re-
adsorbed through the carbon-cycle), but ‘historical’ carbon which was absorbed in the past 
and would otherwise be stored indefinitely.  Therefore the direct emissions increase the 
overall CO2 burden in the atmosphere. 

The generation assumed for comparison purposes with the biomass element of fuel input is 
240,000 MWh per year.  Based on the emission factor of 0.32 kgCO2/MWh (see 2.2.7), this 
would generate  
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240,000MWh   x   0.32 tonnesCO2/MWh   x   25 years   =   1,920,000 tonnes CO2  

(iv) Conventional generation - natural gas 

Combustion of natural gas leads to the direct emissions of CO2 from the carbon that was 
locked within the fuel.  This is not short-cycle CO2 like biomass (where CO2 emissions are re-
adsorbed through the carbon-cycle), but ‘historical’ carbon which was absorbed in the past 
and would otherwise be stored indefinitely.  Therefore the direct emissions increase the 
overall CO2 burden in the atmosphere.  

The generation assumed for comparison purposes with the biomass element of fuel input is 
240,000 MWh per year.  Based on the emission factor of 0.19 kgCO2/MWh (see Section 
2.2.7), this would generate: 

240,000MWh    x   0.19 tonnesCO2/MWh   x   25 years   =   1,140,000 tonnes CO2  

3.2.3 Transport of waste 

It has conservatively been assumed that there is no transport of waste materials required 
from conventional coal and natural gas fired power stations (i.e. all bottom ash and fly ash 
from coal generation is considered as raw material and recycled thereby falling under a 
separate carbon footprint boundary – in reality it is likely that bottom ash typically constituting 
20% of total ash production would require to be landfilled).  Section 3.3.5 below summarises 
assumptions for transport of total waste generated by the proposed TGP facility which 
represents a carbon penalty for the scheme when compared with conventional generation 
and the associated aforementioned assumptions. 

3.3 Comparison between SRF and landfill 

3.3.1 Overview 

The TGP facility expects to receive 300,000 tonnes of municipal and commercial / industrial 
waste which will be sorted on site using the MBT/MHT process.  There are a number energy 
requirements associated with this process which will lead to the emission of greenhouse 
gases, but there are also avoided emissions.   

Traditionally, the aforementioned waste streams will have been directed to landfill where 
methane and carbon dioxide emissions occur as part of the biogenic (decomposition) 
process of the organic fraction of the waste.  The CO2 emissions associated with the 
decomposition are widely regarded (including by the Intergovernmental Panel on Climate 
Change) to be short-cycle – this is where the organic material has previously absorbed CO2 
during its growth (e.g. in plants and paper) which is then released in its decomposition (note 
that this situation is not dissimilar to the reason for the carbon-neutral status of biomass).  
Because of this, CO2 emissions originating from the biogenic decomposition of biomass can 
be ignored.   
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The second component of the emissions from landfill is methane (CH4).  Methane is a potent 
greenhouse gas which has a global warming potential 21 times that of CO2 (therefore one 
tonne of methane is roughly equivalent to 21 tonnes of CO2 emissions).  Emissions of 
methane are not short-cycle as they reside in the atmosphere for longer periods as they are 
not absorbed via photosynthesis in the same way as CO2.  Therefore any emissions of 
methane are potentially significant. 

The TGP facility will offer an alternative approach which combines energy recovery and 
recycling.  Municipal and commercial / industrial waste will arrive at the MBT/MHT plant.  The 
MBT/MHT process requires a direct electrical and heat input, to first sort and then separate 
the waste streams to remove the majority of the non-combustible materials ultimately 
producing SRF which contains 90% organic matter by mass.  This can then be combusted 
within the Power Island to generate electricity.  The non-combustible material is made up of 
materials which can be recycled, and a residual element which will be sent to landfill3.  The 
estimated quantities of materials are presented in Table 2.2. 

3.3.2 Transport of municipal and commercial / industrial waste 

Emissions associated with the transport of waste to the TGP facility or landfill have not been 
considered in this assessment.  This is based on the assumption that waste for either the 
MBT/MHT process or landfill would originate from the Thurrock area and therefore would 
require the same amount of transport given that a door-stop collection service would operate.  
In this instance, the emissions from transport for either option would be approximately equal. 

3.3.3 SRF process and MBT/MHT process 

(i) Direct emissions 

Combustion of SRF at the TGP facility will release CO2 emissions.  SRF is considered to be 
‘carbon-neutral’ as it releases short-cycle, biogenic CO2 in to the atmosphere which was 
originally taken in by the materials within the fuel, and based on the assumption that this is a 
repeatable cycle.  Therefore the emissions arising from the direct combustion of SRF are 
considered to be zero. 

(ii) Emissions from MBT/MHT process requirements 

The MBT/MHT process will require a direct energy input in order to process raw waste and to 
generate the SRF for the combustion process.  This has been estimated by Mott MacDonald 
to be 108 KWh electricity and 249 kWh of heat (assumed to be provided by diesel oil) per 
tonne of waste processed.   

The total energy demand can then be used to calculate the CO2 emissions associated with 
the operation of the MBT/MHT process.  This is estimated below as: 

                                                 
3 N.B. For the purposes of this assessment, it is assumed that the residual elements from the MBT/MHT process 
(non-recyclates) and from the combustion process cannot be recycled.  In reality, bottom ash from the combustion 
process can be recycled at a number of locations (including at Rainham Marshes); as a conservative approach, 
this assessment assumed it will only be sent to landfill. 
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108 kWh/tonne x 520gCO2/kWh  = 56.16 kgCO2/tonne 

249 kWh/tonne x 250gCO2/kWh  = 62.25 kgCO2/tonne 

   Total    = 118.41 kgCO2/tonne 

300,000 tonnes x 118.41kgCO2/tonne = 35,523 tonnes CO2
 

The supply of diesel oil for the heat requirements of the on site MBT/MHT will require regular 
deliveries by Heavy Goods Vehicles (HGVs).  It has been assumed that five deliveries will be 
required per week, by vehicles with a 24 tonne carrying capacity.  It is likely that a source of 
diesel oil will be available in the local area.  However, for the purposes of the assessment, it 
has been assumed that HGVs will be required to make a 40 kilometre round trip for each 
delivery, which is considered to be conservative.  Therefore, the total road traffic related 
emissions associated with on site process requirements are calculated as: 

20 km x 1.178 kgCO2/km (when full) x 260(number of HGVs)  = 6125.6  kgCO2 per year 

20 km x 0.181 kgCO2/km (when empty) x 260(number of HGVs) = 4253.6  kgCO2 per year 

        Total = 10379.2kgCO2 per year 

25 year lifetime x 10379.2 kgCO2     = 259480 kg/CO2 

         = 259.5 tonnes CO2 

(iii) Materials recovery 

The MBT/MHT process will also recover a number of materials which can be recycled, 
including glass, metals and plastics.  This avoids the emissions associated with the energy 
requirements to generate these materials from raw materials.  The MBT/MHT will assist with 
the sorting of these materials although there will be no processing of the recoverable 
materials to give the finished products.  For this reason, the avoided emissions associated 
with materials recovery have not been counted within this assessment, although it should be 
noted that the sorting of materials will enable efficient processing of these materials and are 
therefore beneficial for the overall recycling process.  

3.3.4 Emissions from landfill gas 

Landfill gas can be captured from landfill sites and recovered - it is the methane within the 
landfill gas which is combusted in order to generate electricity and/or heat.  There is some 
considerable uncertainty as to estimating the amount of landfill gas that will arise from the 
waste decomposition and variations in the volume of gas depend on such factors as the 
amount of waste, its composition, conditions in the soil and the efficiency of the collection 
mechanisms.   
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The incoming waste composition to the plant has been estimated based on figures presented 
in the Mayor of London’s report “Variations in the composition of Household Collected 
Waste”4 published in December 2004.  This is summarised in Table 3.5.  Although the TGP 
facility will primarily receive commercial and industrial waste, the proportion of organic 
content shown in Table 3.5 is representative of that which will be received by the MBT/MHT 
through the selection of specific commercial / industrial waste streams. 

Table 3.5: Assumed composition of waste 

Fraction Percentage Total 
Tonnes 

Paper & card 25 75,000 
Plastic film 4 12,000 
Dense Plastic 6 18,000 
Textiles 2 6,000 
Other Combustibles 12 36,000 
Glass 7 21,000 
Other non-
combustibles 

2 6,000 

Ferrous metal 3 9,000 
Non-ferrous metal 1 3,000 
Organics 37 111,000 
WEEE 1 3,000 
Hazardous 0 Negligible 
Fines 1 3,000 

 

The generation of methane (and CO2) from waste in landfill conditions is dependent on the 
Degradable Organic Content (DOC) – the proportion of the waste that is biodegradable – and 
the Dissimilable DOC (DDOC) – the fraction of the DOC that mineralises to CO2 or methane.  
DOC and DDOC differ between the different fraction of the waste.  The proportions of DOC 
and DDOC have been estimated using figures for dry waste as a conservative assumption 
provided by the IPPC5 and the EC6, summarised in Table 3.6.   

Table 3.6: Assumed organic properties of waste 

Fraction DOC (%) % of DOC 
Dissimilable

DDOC (%) Tonnes 
Methane 

Tonnes 
CO2 

Paper & card 44 35 15.4 7,700 21,175 
Plastic film 0 - -   
Dense Plastic 0 - -   
Textiles 30 6 1.8 72 198 
Other Combustibles 28 35 9.8 2,352 6,468 
Glass 0 - - - - 
Other non-
combustibles 

0 - - - - 

Ferrous metal 0 - - - - 
Non-ferrous metal 0 - - - - 

                                                 
4 http://www.london.gov.uk/mayor/environment/waste/waste_research/waste_composition.jsp 
5 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Chapter Five: Waste 
6 http://ec.europa.eu/environment/waste/studies/pdf/climate_change.pdf 
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Fraction DOC (%) % of DOC 
Dissimilable

DDOC (%) Tonnes 
Methane 

Tonnes 
CO2 

Organics 19 64 12.2 8,998 24,745 
WEEE 0 - - - - 
Hazardous 0 - - - - 
Fines 0 - - - - 
Total    16,180 44,495 

 
It is assumed that 50% of the landfill gas will be recovered.  Although presented, the ‘direct’ 
emissions of CO2 are not considered here as they are assumed to be ‘short-cycle’, biogenic 
emissions which will quickly be re-cycled in the carbon cycle.  It is also assumed that 10% of 
the methane is oxidised to CO2 before capture.   

Based on this, 7,281 tonnes of methane would be directly emitted to atmosphere.  Methane 
has a global warming potential 21 times that of CO2.  This is therefore equivalent to 
releasing: 

7,281 tonnes x 21 = 152,900 tonnes CO2 equivalent 

A number of assumptions about methane are required for the estimation of recovery of 
energy from landfill gas: 

• density of methane is assumed to be 0.68 kg/m3: this gives at total of 107,073 m3 

• calorific value of methane is assumed to be 45 MJ/Nm3 

• landfill gas engines are 40% efficient 

• the total number of MJ of available energy was estimated by multiplying the total 
volume of methane by its calorific value and then by applying the efficiency factor of 
the landfill gas engines.   

107,073 m3 x 45 MJ/Nm3 = 4.81 TJ (per year) 

4.81 TJ / 3600 x 0.4 = 535.37 MWh (per year) 

• the total estimated generation from landfill is estimated as 535.37 MWh per year.  
Based on the emission factor of 520 kgCO2/MWh (see 2.2.7), this would avoid 
approximately 278.4 tonnes of CO2 emissions via landfill gas utilisation for electricity 
generation.   

Therefore the total CO2 emissions arising from the waste being sent to landfill is calculated 
by subtracting the avoided emissions from the direct emissions.  This gives a net CO2 
balance for landfill of: 

152,900 tonnes  - 278.4 tonnes = 152,623 tonnes CO2 net 

3.3.5 Transport of waste 

It has conservatively been assumed that there is no transport of waste materials required 
from landfill (i.e. landfill is the ultimate destination of waste).  Section 3.3.5 below 
summarises assumptions for transport of total waste generated by the proposed TGP facility 
which represents a carbon penalty for the scheme when compared with landfill and the 
associated aforementioned assumptions. 



Tilbury Green Power Facility  Mott MacDonald 
Carbon Assessment  TGP 

 

19 
 

3.4 Transport of waste from proposed TGP facility 

Both the MBT/MHT and combustion process of SRF will lead to a residual component that 
will require further disposal.  Bottom ash and residues from the flue gas treatment (FGT) 
process arise from the combustion activities.  In addition, the MBTMHT process generates a 
residual fraction that can neither be recovered or combusted and must be disposed of.   

For the purposes of this assessment, it is assumed that the bottom ash and MBT/MHT 
residual fraction are disposed of via landfill (the nearest being Rainham Marshes, which 
serves Tilbury) while the FGT residues are disposed of in Cheshire (it is assumed that these 
will be treated as hazardous wastes).   

It is assumed that these wastes will be disposed of via road, in articulated lorries with a 
capacity of 24-tonnes.  This allows the calculation of the number of lorries required to move 
the wastes.  Distances to Rainham Marshes and Cheshire have also been calculated (pls 
recheck Chehsire dist) and the overall CO2 emissions have been estimated based on the 
CO2 emission factors provided by Defra7, which assumes an emission rate of 
1.178 kgCO2/km for an articulated lorry.  It is assumed that these lorries will be contracted to 
serve only the TGP facility and therefore will return empty.  The emission factor for this is 
assumed to be 0.818 kgCO2/km.  The contribution from transport is presented in Table 3.7. 

Table 3.7: Transport of waste from proposed TGP facility 

Waste 
Fraction (non-
recyclable) 

Tonnes of 
Waste 

Number of 
Lorries 

Distance (km) 
(return journey) 

Total CO2 
(tonnes) 

MBT/MHT 
Residuals  

30,400 1267 35 44.3 

Bottom Ash 42,400 1767 35 61.7 

FGT Residues 13,800 575 700 401.7 

Total    507.7 

The total contrition from the transport of waste is calculated to be approximately 508 tonnes 
CO2.  

3.5 Summary of results and carbon balance 

Table 3.8 below identifies total carbon savings associated with the TGP facility by 
contextualising the biomass energy input to power generation (corresponding to 50% of total 
energy input) against the equivalent conventional generation by coal and the SRF energy 
input to power generation (corresponding to 50% of total energy input) against the alternative 
disposal of waste to landfill. 

                                                 
7 http://www.defra.gov.uk/environment/business/envrp/pdf/envrpgas-annexes.pdf 
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Table 3.9 below identifies total carbon savings associated with the TGP facility by 
contextualising the biomass energy input to power generation (corresponding to 50% of total 
energy input) against the equivalent conventional generation by natural gas and the SRF 
energy input to power generation (corresponding to 50% of total energy input) against the 
alternative disposal of waste to landfill. 

Table 3.8:  Total carbon savings against coal and landfill (tonnes) 

 Total TGP Emissions 
tonnes 

Avoided 
emissions 

Biomass 103,907 n/a 
Transport of waste from TGP 12692 n/a 
MBT/MHT 888,075 n/a 
Diesel delivery (to MBT/MHT) 259 n/a 
Waste to landfill  n/a 3,815,575 
Coal n/a 1,983,857 
Totals 1,004,934 5,799,432 
Balance (TGP-Avoided) 
tonnes 

-4,794,498 

Balance (TGP-Avoided) % 82.7 % 
  

Table 3.9:  Total carbon savings against gas and landfill (tonnes) 

 Total TGP Emissions 
tonnes 

Avoided 
emissions 

Biomass 103,907 n/a 
Transport of waste from TGP 12,692 n/a 
MBT/MHT 888,075 n/a 
Diesel delivery (to MBT/MHT) 259  
Waste to landfill  n/a 3,815,575 
Gas n/a 1,140,000 
Totals 1,004,934 4,955,575 
Balance (TGP-Avoided) 
tonnes 

-3,950,641 

Balance (TGP-Avoided) % 79.7 % 
 

Table 3.8 indicates that the TGP facility will result in an overall carbon saving of 
approximately 82.7% relative to conventional generation by coal and disposal of waste to 
landfill.  Table 3.9 indicates that the TGP facility will result in an overall carbon saving of 
approximately 82.7% relative to conventional generation by natural gas and disposal of 
waste to landfill.  As noted in Section 1.2, the UK Climate Change Programme requires the 
energy sector to reduce CO2 emissions by around 25% between 1990 and 2010 and by 30% 
between 1990 and 2020.  The results to this assessment indicate that the TGP facility will 
contribute to this reduction. 
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4 Mitigation 

During the operation of the plant, potential mitigations and measures to reduce the carbon 
footprint of the plant are aimed at improving efficiency and conserving energy wherever 
possible. This may include: 

• efficient use of transport planning in order to reduce the emissions associated with 
delivery of raw materials. Investigation of ‘doubling up’ of deliveries with other local 
industry. Sourcing of raw materials as near to the plant of possible to further reduce 
the number of kilometres travelled; 

• by re-using or reducing any waste streams as far as possible; 

• sourcing materials locally and or transporting large amounts of materials over long 
distances by ship rather than road, and; 

• running road vehicles on renewable bio-fuels. 

Requirements for monitoring the success of these mitigation measures, including 
demonstration of statutory compliance are proposed as follows: 

• periodic reporting of carbon footprint in order to drive further efficiencies throughout 
the project, in respect of both the process and transportation requirements; and 

• include review of emissions as part of the Environmental Management System (EMS) 
to ensure regular review and identification of new opportunities to reduce the carbon 
footprint throughout operation. 
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5 Conclusion 

Findings from the above carbon assessment show the proposed TGP facility to be built at 
Tilbury will have a significantly positive effect upon the carbon balance.   

The study has shown that the majority of the CO2 emissions are associated with transport of 
biomass.  During the first eight years of the Power Island operation, elevated total CO2 
emissions are produced as proportions of the biomass component of fuel originate from the 
USA.  After the eighth year of Power Island operation, sources of biomass are expected to 
remain constant and mainly originate from the UK, with subsequent corresponding smaller 
yearly contributions of CO2 from biomass transport. 

Avoided emissions from landfill due to the production of SRF from waste via the onsite 
MBT/MHT process and subsequent combustion of SRF are also extremely favourable for the 
proposed scheme.  This also takes into consideration the emissions created by the 
MBT/MHT process in the formation of SRF. 

The results to the assessment indicate that the TGP facility will result in an overall carbon 
saving of approximately 82.7% relative to conventional generation by coal and disposal of 
waste to landfill.  The assessment also indicates that the TGP facility will result in an overall 
carbon saving of approximately 82.7% relative to conventional generation by natural gas and 
disposal of waste to landfill.  The UK Climate Change Programme requires the energy sector 
to reduce CO2 emissions by around 25% between 1990 and 2010 and by 30% between 1990 
and 2020.  The results to this assessment indicate that the TGP facility will contribute to this 
reduction. 
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