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SUMMARY 

An assessment of the impact of greenhouse gas emissions from the EMERGE Centre on global 
warming has been carried out, considering direct greenhouse gas emissions from the 
installation and comparing these to other forms of UK power generation. 

The operation of the Installation will result in a modest increase of 63–71 kt of carbon dioxide 
equivalent per year compared to generating the equivalent power in a CCGT and an increase of 
112 to 120 kt of carbon dioxide equivalent per year compared to the grid average generation 
CO2 emission level. 

It is, however, important to note that this assessment methodology does not consider the 
avoidance of emissions from the disposal of the waste in a landfill, or from any other alternative 
methods of waste treatment. 

A detailed carbon assessment was carried out as part of the planning application which 
considered emissions from both the Installation and the associated transport of fuel, reagents 
and residues and compared these to the alternative of disposal of waste within a landfill. The 
detailed carbon assessment concluded that the operation of the Installation would represent a 
net benefit of 106 kt of carbon dioxide equivalent emissions per year for the expected Net 
Calorific Value (NCV) case and 125 kt of carbon dioxide equivalent emissions per year for the 
low NCV case, relative to the disposal of the equivalent volume of waste in landfill. 
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1 INTRODUCTION 
 
Uniper UK Limited is bringing forward plans for development of an Energy Recovery Facility at 
the Ratcliffe-on-Soar Power Station site – known as the East Midlands Energy Re-Generation 
(EMERGE) Centre. This Installation would generate energy from non-hazardous domestic and 
commercial waste left over from the recycling process. 
 
This report provides an assessment of the impact of greenhouse gas emissions from the 
EMERGE Centre (henceforth ‘the Installation’) on global warming. The assessment considers 
direct greenhouse gas emissions from the Installation and compares these to other forms of UK 
power generation. 
 
The assessment quantifies the greenhouse gas emissions associated with direct emissions 
from the Installation due to the incineration of waste, considering CO2 and other greenhouse 
gases such as nitrous oxide (N2O) and methane (CH4). 
 
Power generated through energy recovery displaces that which would otherwise have been 
produced from conventional power stations. The net change in greenhouse gas emissions has 
been calculated relative to the equivalent emissions associated with a Combined Cycle Gas 
Turbine (CCGT) and the average UK power mix. 
 
The report does not consider greenhouse gas emissions associated with the transport of fuel, 
reagents and residues to or from the Installation as these emissions fall outside the 
Environmental Permitting requirements. The report also does not consider the avoidance of 
carbon emissions associated with the alternative of landfilling the equivalent volume of non-
recyclable waste. A brief summary of the results of the detailed carbon assessment carried out 
to support the planning application for the EMERGE Centre, which includes the latter two 
elements, is included for context. 
 
 
2 ENVIRONMENT AGENCY GUIDANCE 
 
Environment Agency Guidance on assessing global warming impacts [1] requires the 
assessment of: 
 

• Direct emissions produced by the energy associated with storing, handling and processing 
at a site, including any heat or power produced directly at the site; and 

• Indirect emissions produced from heat or power imported to a site (e.g. electricity bought 
from a supplier). 

 
The guidance also sets out global warming potential (GWP) factors to be applied in the 
assessment (1 for CO2, 21 for methane and 310 for nitrous oxide) and a figure of 0.3984 t CO2 
per MWh (based on the multiplied conversion factors of 2.4 and 0.166 t CO2 per MWh)  to be 
applied to calculate emissions associated with the use of electricity from National Grid at a site. 
 
 
3 GREENHOUSE GAS ASSESSMENT 
 
Emissions associated with the Installation will comprise direct emissions from the Energy 
Recovery Plant and indirect emissions associated with the import of electricity from the national 
grid during periods of start-up and shutdown and when the plant is not operating (e.g. during 
maintenance or repair). The electricity produced by the Installation will, however, displace 
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electricity production from other generation sources and hence remove any greenhouse gas 
emissions associated with those sources. 
 
3.1 Waste Throughput and Composition 
 
The Installation has been designed to process an estimated 472,100 tonnes of waste per year 
based on an average net calorific value (NCV) of 10 MJ/kg with an average availability of 90 % 
of the year. In addition, a sensitivity scenario whereby the waste NCV is assumed to fall to 
9 MJ/kg with the waste throughput rising to 524,550 tonnes per year is also considered. 
 
The fuel for the Installation will be a mixture of municipal solid waste (MSW) and commercial 
and industrial waste (C&I). Published waste compositions have been used to provide waste 
mixes with NCVs which meet the expected case (design point) and sensitivity scenario NCVs. 
Table 1 summarises the waste characteristics. 
 
Table 1:  Waste Characteristics 
 

Scenario Carbon 
content 
% mass 

Biogenic 
carbon as % 

of carbon 

Non-
Biogenic 

carbon as % 
of carbon 

Biogenic 
energy as % 

of total 
energy 
content 

NCV 
(MJ/kg) 

Waste 
throughput 

(t/y) 

Expected NCV 26.18 59.93 40.07 55.9 10 472,100 

Low NCV 23.97 62.41 37.59 58.1 9 524,550 

 
The biogenic carbon content is composed of subfractions which are assumed to be 100 % 
biogenic (comprising paper, card, wood, garden waste, food waste, organic pet bedding / litter 
and other organics) or 50 % biogenic (comprising textiles, disposable nappies, other hygiene 
products, shoes, carpet, underlay, furniture, other combustibles and fines). Waste with higher 
CVs tends to be dominated by plastics and wood, whereas the organic subfractions become 
more significant at lower CVs. It should also be noted that the biogenic energy content is 
typically several percentage points lower that the corresponding biogenic carbon content. 
 
3.2 Direct Emissions 
 
The combustion of waste generates direct emissions of carbon dioxide (CO2), the mass of 
which is determined using the carbon content of the waste. As carbon from biogenic sources 
has a neutral carbon burden, only the CO2 emissions derived from fossil sources need to be 
considered in the assessment. 
 
This aligns with the Government guidance as set out in “Energy from Waste: A Guide to the 
Debate” [2] which states, in paragraph 40, “Considering the energy from waste route, if our 
black bag of waste were to go to a typical combustion-based energy from waste plant, nearly all 
of the carbon in the waste would be converted to carbon dioxide and be released immediately 
into the atmosphere. Conventionally the biogenic carbon dioxide released is ignored in this type 
of carbon comparison as it is considered ‘short cycle’, i.e. it was only relatively recently 
absorbed by growing matter. In contrast, the carbon dioxide released by fossil-carbon 
containing waste was absorbed millions of years ago and would be newly released into the 
atmosphere if combusted in an energy from waste plant.” 
 
It has been assumed that all carbon in the waste fuel is converted to CO2 as waste incinerators 
have combustion efficiencies of close to 100 % [3] and this represents a worst-case assumption 
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with respect to CO2 emissions. The mass of fossil derived carbon dioxide produced is 
determined by multiplying the mass of fossil carbon in the fuel by the ratio of the molecular 
weights of carbon dioxide (44) and carbon (12) respectively as shown in the equation below: 
 

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑜𝑠𝑠𝑖𝑙 𝑑𝑒𝑟𝑖𝑣𝑒𝑑 𝐶𝑂2 𝑜𝑢𝑡 = 𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑜𝑠𝑠𝑖𝑙 𝑑𝑒𝑟𝑖𝑣𝑒𝑑 𝐶 𝑖𝑛 ×  
𝑀𝑤𝑡 𝐶𝑂2

𝑀𝑤𝑡 𝐶
 

 
Table 2 sets out the calculated fossil derived CO2 emissions. 
 
Table 2:  Fossil derived CO2 emissions 
 

Parameter Expected NCV Low NCV 

Fossil carbon in input waste (t C / y) 49,525 47,269 

Fossil derived CO2 emissions (t CO2 / y) 181,591 173,318 

 
The process of recovering energy from waste also releases small amounts of nitrous oxide 
(N2O) and methane (CH4) into the atmosphere, which contribute to climate change. The impact 
of these emissions is reported as CO2 equivalent (CO2e) emissions and is calculated using the 
GWP multiplier. In this assessment the GWPs used those set out in the Environment Agency 
Guidance [1]. 
 
Emissions of nitrous oxide and methane will depend on combustion conditions and nitrous oxide 
emissions also depend on flue gas treatment. As these details will depend on the final design of 
the Installation, which is not available at this stage, representative default emission factors from 
the Intergovernmental Panel on Climate Change (IPCC) [4] based on the waste NCVs have 
been used to determine the emissions of these gases, as shown in Table 3. 
 
Table 3:  N2O and CH4 emissions 
 

Parameter Expected NCV Low NCV 

CH4 emission factor (kg CH4 / TJ(net)) 30 

CH4 emission factor (kg CH4 / t waste) 0.30 0.27 

CH4 GWP (kg CO2e / kg CH4) 21 

CH4 emissions (t CH4 / y) 141.6 141.6 

CH4 equivalent emissions (t CO2e / y) 2,974 2,974 
 

N2O emission factor (kg N2O / TJ(net)) 4 

N2O emission factor (kg N2O / t waste) 0.040 0.036 

N2O GWP (kg CO2e / kg N2O) 310 

N2O emissions (t N2O / y) 18.9 18.9 

N2O equivalent emissions (t CO2e / y) 5,854 5,854 
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The Installation will be equipped with auxiliary burners which will burn gas-oil during the start-up 
and shutdown of each of the two individual lines. These will have a capacity of around 60 % of 
the boiler thermal input, with the average burner consumption during start-up being around 
50 % of the burner duty (i.e. 30 % of the boiler thermal input). The number of start-ups and 
shutdowns per year per line would typically be two, with each start-up and shutdown taking a 
period of 16 hours and 1 hour respectively. Auxiliary burner emissions have been calculated 
based on the Environment Agency Guidance conversion factor for gas-oil of 0.25 t CO2e/MWh 
[1]. 
 
Table 4 shows the auxiliary burner emissions and the total direct emissions from the Installation 
are shown in Table 5. 
 
Table 4:  Auxiliary burner emissions 
 

Parameter Value 

Total boiler capacity (MWth net) 166.3 

Total Auxiliary burner duty (MWth net) 49.9 

Total Auxiliary burner operation (hours / y) 34 

Total Auxiliary burner operation (MWhth / y) 1,697 

CO2 equivalent emissions (t CO2e / y) 424 

 
Table 5:  Total direct CO2 equivalent emissions from the Installation 
 

Parameter Expected NCV Low NCV 

Fossil derived CO2 emissions (t CO2e / y) 181,591 173,318 

CH4 emissions (t CO2e / y) 2,974 2,974 

N2O emissions (t CO2e / y) 5,854 5,854 

Burner emissions (t CO2e / y) 424 424 

Total emissions (t CO2e / y) 190,843 182,571 

 
3.3 Indirect Emissions 
 
Import of electricity to the site will be required during start-up and shutdown of the Installation 
and during periods of non-availability. The electrical demand will be around 6.49 MWe during 
start-up and shutdown, and will be around 20 % of this value during periods of non-availability. 
Table 6 summarises the indirect emissions calculated using the two Environment Agency CO2 
emission factors for electricity use.  
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Table 6:  Total indirect CO2 equivalent emissions from the Installation 
 

Parameter Expected NCV Low NCV 

Annual start-up and shutdown hours 34 34 

Electrical demand during start-up and shutdown 
(MWe) 

6.49 6.49 

Electrical demand during start-up and shutdown 
(MWh) 

220.7 220.7 

Annual non-availability hours 842 842 

Electrical demand during non-availability (MWe) 1.3 1.3 

Electrical demand during non-availability (MWh) 1,093 1,093 

CO2 emission factor for electricity (tCO2e / MWh) 2.4 x 0.166 2.4 x 0.166 

Total indirect emissions (t CO2e / y) 523.3 523.3 

 
3.4 Grid Offset 
 
Sending electricity to the grid offsets the carbon burden of producing electricity using other 
methods. In the case of an energy recovery plant, such as the Installation, the displaced 
electricity would be the marginal source which is currently gas-fired power stations, for which 
the displacement factor is 0.349 t CO2e/MWh [5]. Electricity generated by the Installation would 
be exported to the National Grid. DEFRAs ‘Energy from Waste – A Guide to the Debate 2014’ 
[2](specifically, footnote 29 on page 21) states that “A gas fired power station (Combined Cycle 
Gas Turbine – CCGT) is a reasonable comparator as this is the most likely technology if you 
wanted to build a new power station today.” Therefore, the assessment of grid offset uses the 
current marginal technology as a comparator. 
 
It is considered that the construction of an energy recovery plant will have little or no effect on 
how nuclear, wind or solar plants operate when taking into account market realities (such as the 
phase-out of nuclear plants and the subsidies often associated with the development of wind 
and solar plants). Current energy strategy uses nuclear power stations to operate as baseload 
stations running with relatively constant output over a daily and annual basis, with limited ability 
to ramp up and down in capacity to accommodate fluctuations in demand. Power supplied from 
existing nuclear power stations is relatively low in marginal cost and has the benefit of extremely 
low CO2 emissions. Wind and solar plants also have very low marginal operating costs and are 
supported by subsidies in many cases. This means that they will run when there is sufficient 
wind or sun and that this operation will be unaffected by the operation of the Installation. 
 
Combined cycle gas turbines (CCGTs) are the primary flexible electricity source. Since wind 
and solar are intermittent, with the electricity supplied varying from essentially zero (on still 
nights) to more than 16 GW (on windy or sunny days), CCGTs supply a variable amount of 
power. However, there are always some CCGTs running to provide power to the grid. 
 
Gas engines, diesel engines and open cycle gas turbines also make a small contribution to the 
grid. These are mainly used to provide balancing services and to balance intermittent supplies. 
As they are more carbon intensive than CCGTs, it is more conservative to ignore these. In 
addition, recent bidding of energy recovery plants into the capacity market mean that they are 
competing primarily with CCGTs, gas engines and diesel engines. It is therefore considered that 
CCGT is the correct comparator. 
 



 6 UTG/20/PMP/499/R 

  

As shown in Table 6, the Environment Agency guidance uses a figure 0.3984 t CO2 per MWh 
(based on the multiplied conversion factors of 2.4 and 0.166 t CO2 per MWh) which is not 
dissimilar to the figure for gas-fired power stations. 
 
The average CO2 emission figure for electricity from the National Grid is considerably lower than 
both the CCGT comparator and the Environment Agency guidance figure. The most recently 
published fuel mix disclosure table, covering the period from 01/04/2018 to 31/03/2019, 
presents an average CO2 emission figure of 0.208 t CO2e/MWh [5]. Displacement of generation 
using this figure has therefore also been considered. 
 
The amount of CO2 offset by the electricity generated by the Installation is calculated by 
multiplying the net electricity generated by the grid displacement factor. The Installation will 
have a gross generation capacity of 49.9 MWe with a parasitic load of 6.49 MWe resulting in a 
net generation capacity of 43.41 MWe. Based on an average availability of 90 %, corresponding 
to 7,884 hours per year, the annual generation sent out will be 342,244 MWh/year. Table 7 
presents the calculated grid offset emissions. 
 
Table 7:  Grid offset emissions 
 

Parameter Value 

Net Electricity Export Capacity (MWe) 43.41 

Net Electricity Export (MWh) 342,244 

CCGT CO2 equivalent emissions (t CO2e / y)  119,443 

Grid average CO2 equivalent emissions (t CO2e / y) 71,187 

 
 
4 CONCLUSIONS 
 
Table 8 summarises the results of the assessment. 
 
Table 8:  Net Installation Emissions 
 

Parameter (all as t CO2e) Expected NCV Low NCV 

Direct Installation releases 190,843 182,571 

Indirect Installation releases  523.3 523.3 

Total Installation releases 191,367 183,094 

Offset of electricity based on CCGT 119443 119443 

Net emissions from the Installation using CCGT 
comparator 

71,923 63,651 

Offset of electricity based on grid average 71,187 71,187 

Net emissions from the Installation using grid average 
comparator 

120,180 111,907 

 
The operation of the installation will result in a modest increase of 63–71 kt of carbon dioxide 
equivalent per year compared to generating the equivalent power in a CCGT and an increase of 
112 kt to 120 kt of carbon dioxide equivalent per year compared to the grid average generation 
CO2 emission level. 
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It is, however, important to note that this assessment methodology does not consider the 
avoidance of emissions from the disposal of the waste in a landfill, or from any other alternative 
methods of waste treatment. 
 
A detailed carbon assessment was carried out as part of the planning application which 
considered emissions from both the Installation and the associated transport of fuel, reagents 
and residues and compared these to the alternative of disposal of waste within a landfill. The 
detailed carbon assessment concluded that the operation of the Installation would represent a 
net benefit of 106 kt of carbon dioxide equivalent emissions per year for the expected NCV case 
and 125 kt of carbon dioxide equivalent emissions per year for the low NCV case, relative to the 
disposal of the equivalent volume of waste in landfill. The results were demonstrated to be 
robust to the consideration of the carbon intensity of grid generation displaced by the 
Installation, to assumptions regarding the capture rates of methane in landfill and to 
assumptions regarding the sequestration of biogenic carbon in landfill. 
 
The planning application carbon assessment also set out a road map to deliver net zero carbon 
emissions from the Installation in line with the UK Government’s statutory target to reduce 
emissions of greenhouse gases to net zero by 2050. 
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