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Qualifications
• BSc(Hons) Chemistry
• PhD Atmospheric Chemistry
• C Chem MRSC

• 16 Years in Chemistry
• 10 Years as Environmental Consultant
• Currently Director of AWN Consulting with responsibility for Air Quality & Climate

Recent Projects:
• Ringaskiddy Waste-to-Energy Plant Waste Licence & Oral Hearing (2005)
• Carranstown Waste-to-Energy Plant Waste Licence & Oral Hearing (2005)
• Pfizer Liquid Waste Incinerator EIS, Cork (2003)
• Wyeth Medica Ireland PNFX Facility EIS (2004)
• M7/M8 Portlaoise to Cullahill / Castletown EIS & Oral Hearing (2004)
• Intel Fab24 IPC Application Review (2002)
• M3 Clonee to North of Kells EIS & Oral Hearing (2002)
• Analog Devices IPC Licence Review (2003)
• Elan Pharmaceutical Technologies IPC Review (2001)
• Abbott Ireland SVP Facility IPC Licence (2002)

Experience



awn
consulting

Assessment Approach

The climate impact assessment has been updated as a result of the 
following recently issued reports which have a bearing on the calculations 
used in the assessment:

• 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006)
• National Waste Report 2005 (EPA, 2006)
• Delivering A Sustainable Energy Future For Ireland (Government White Paper 

DOCMNR, 2007)
• National Climate Change Strategy 2007-2012 (DOEHLG, 2007)

The climate impact assessment has investigated the impact of incineration 
on climate in the year of opening (2012) and throughout the lifetime of the 
facility (up to 2041) in comparison to other forms of waste disposal / 
recovery.  As predicting the impact of future years necessitates making 
various assumptions, the sensitivity of these assumptions has also been 
investigated. 
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IPCC Guidelines For National Greenhouse Gas Inventories

The guidelines are designed to estimate and report on national inventories of 
anthropogenic greenhouse gas emissions and removals in order to ensure 
compliance with the Kyoto Protocol.

The quantity of carbon from natural cycles through the earth’s atmosphere, 
waters, soils and biota is much greater than the quantity added by 
anthropogenic GHG sources.  However, the focus of the UNFCCC and the 
IPCC is on anthropogenic emissions because it is these emissions that have 
the potential to alter the climate by disrupting the natural balances in 
carbon’s biogeochemical cycle, and altering the atmosphere’s heat-trapping 
ability.  The carbon from biogenic sources such as paper and food waste 
was originally removed from the atmosphere by photosynthesis, and under 
natural conditions, it would eventually cycle back to the atmosphere as CO2
due to degradation processes.  Thus, these sources of carbon are not 
considered anthropogenic sources and do not contribute to emission totals 
considered in the Kyoto Protocol(1).

(1) IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006)
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IPCC Guidelines For National Greenhouse Gas Inventories

Landfill Emissions

In relation to solid waste disposal sites (SWDSs) including municipal 
landfills, detailed guidelines have been outlined for the calculation of GHG 
emissions(1).  The main GHG emission from SWDSs is methane.  Even 
though the source of carbon is primarily biogenic, CH4 would not be emitted 
were it not for the human activity of landfilling the waste, which creates 
anaerobic conditions conducive to CH4 formation.  Although CO2 is also 
produced in substantial amounts, the primary source of CO2 derives from the 
decomposition of organic material derived from biomass sources (crops, 
forests) which are re-grown on an annual basis.  Hence, these CO2
emissions are not treated as net emissions from waste in the IPCC 
Methodology(1).

(1) IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006)
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IPCC Guidelines For National Greenhouse Gas Inventories

Incineration Emissions

Similarly, in relation to incineration, a large fraction of the carbon in waste 
combusted (paper, food waste) is derived from biomass raw materials which 
are replaced by re-growth on an annual basis.  Thus, these emissions 
should not be considered as net anthropogenic CO2 emissions in the IPCC 
Methodology(1).  On the other hand, some carbon in waste is in the form of 
plastics or other products based on fossil fuel.  Combustion of these 
products, like fossil fuel combustion, releases net CO2 emissions.  Thus, in 
estimating emissions from waste incineration, the desired approach is to 
separate carbon in the incinerated waste into biomass and fossil fuel based 
fractions and thereafter to use only the fossil fuel fraction in calculating net 
carbon emissions(1).  Other relevant gases released from combustion are net 
GHG emissions including CH4 and N2O. 

(1) IPCC 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006)
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National Waste Breakdown 2005

Note: Total Carbon Content and Fossil Carbon Fraction based on data outlined in DEFRA / ERM (2006) Impact of 
Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions
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Scenario One - IPCC Scenario of Incineration vs Landfilling
Direct comparison between:

• incineration with energy recovery of 600,000 tonnes of MSW using the 
IPCC methodology.

• landfilling with energy recovery of 600,000 tonnes of MSW using the 
IPCC methodology.

It is assumed for all scenarios that the % of electricity from renewable 
sources is 17% by 2012 (from a base of 6.8% in 2005) and that it increases 
by 2% every year, reaching 33% by 2020 in line with the Energy White 
Paper(1), and thereafter increases by 1% / annum to peak at 54% in 2041.

Result
Incineration initially leads to a net benefit of the order of around 267,000 
tonnes per annum (equivalent to 0.4% of the Kyoto target).  This gradually 
decreases as the conversion from fossil fuel to renewable sources in 
electricity production has a greater effect on incineration than landfilling.  By 
2041 incineration is still favourable over landfiling by 140,000 tonnes per 
annum.

(1) DCMNR Delivering A Sustainable Energy Future For Ireland Government White Paper (2007)
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Predicted Fuel Efficiencies & % of Renewable Power
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Scenario One - IPCC Scenario of Incineration vs Landfilling
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Scenario Two - Incineration vs Inert Landfill & Biogenic AD

Direct comparison between:

• incineration with energy recovery of 600,000 tonnes of MSW using the 
IPCC methodology vs:

• the landfilling of 357,780 tonnes of inert MSW with the biogenic fraction 
removed (organic and paper waste both accounting for only 10% of waste 
landfilled), and  

• 242,220 tonnes of organic / paper waste is anaerobically digested (AD) 
with the biogas recovered for energy usage. 

Result
As shown in Figure 2, incineration initially leads to a net benefit of the order of 
around 134,000 tonnes per annum (equivalent to 0.2% of the Kyoto target).  This 
is reduced from Scenario 1 as the much lower fraction of biogenic material 
landfilled leads to reduced production levels of methane.  Again, levels converge 
gradually as the conversion from fossil fuel to renewable sources has a greater 
effect on incineration than landfilling.  By 2041 incineration is still better than the 
landfill / AD option by approximately 21,000 tonnes / annum.  On an overall basis, 
the saving due to incineration compared to the landfiling / AD option averaged 
over the 30-years is of the order of 69,000 tonnes per annum.
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Scenario Two - Incineration vs Inert Landfill & Biogenic AD
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Scenario Three - IPCC Scenario of Incineration vs Landfilling
Based On Varying Tonnages

Scenario Three is based on a direct comparison between incineration and 
landfilling of MSW using the 2006 IPCC methodology.  However, it is 
assumed that the tonnage of waste varies as follows:

• 600,000 tonnes incinerated vs 600,000 tonnes landfilled,

• 500,000 tonnes incinerated vs 500,000 tonnes landfilled,
• 400,000 tonnes incinerated vs 400,000 tonnes landfilled,

• 300,000 tonnes incinerated vs 300,000 tonnes landfilled.

Result

As shown in Figure 3, in all cases, incineration initially leads to a net benefit 
over landfilling varying from 268,000 tonnes to 117,000 tonnes in 2012.  This 
gradually decreases as, again, the conversion from fossil fuel to renewable 
sources in electricity production has a greater effect on incineration than 
landfilling.  By 2041 incineration is still favourable over landfiling by between 
144,000 tonnes to 62,000 tonnes per annum.
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Scenario Three - IPCC Scenario of Incineration vs Landfilling
Based On Varying Tonnages
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Scenario Four - IPCC Scenario of Incineration vs Landfilling
Based On Reduced Biogenic Fraction

For scenario 4 it is assumed that essentially all organic / paper waste is 
anaerobically digested with the biogas recovered for energy usage by 2020 
and that the residual waste after removal of biogenic material is either 
landfilled or incinerated.  As the AD option is applied equally to both 
landfilling and incineration the impact of AD has not been included below. 

The scenario is:

• incineration of 600,000 tonnes of MSW with biogenic content decreasing 
from the current mix (61.3% of organics/paper) in 2012 to reach 20% of 
organics/paper by 2020.

vs:
• landfilling of 600,000 tonnes of MSW with biogenic content decreasing from 

the current mix (61.3% of organics/paper) in 2012 to reach 20% of 
organics/paper by 2020 which will be in line with the Landfill Directive.
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Scenario Four - IPCC Scenario of Incineration vs Landfilling
Based On Reduced Biogenic Fraction

Note: Total Carbon Content and Fossil Carbon Fraction based on data outlined in DEFRA / ERM (2006) Impact of 
Energy from Waste and Recycling Policy on UK Greenhouse Gas Emissions
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Scenario Four - IPCC Scenario of Incineration vs Landfilling
Based On Reduced Biogenic Fraction
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Scenario Four - IPCC Scenario of Incineration vs Landfilling
Based On Reduced Biogenic Fraction

Result

Incineration initially leads to a net benefit of the order of around 267,000 
tonnes per annum (equivalent to 0.4% of the Kyoto target).  This steadily 
decreases for two reasons; 

• firstly the conversion from fossil fuel to renewable sources in electricity 
production has a greater effect on incineration than landfilling and 

• secondly the decrease in biogenic waste going to either landfill or 
incineration leads to higher emissions from incineration and reduced 
emissions from landfilling.  

By 2020 the landfill option becomes more favourable and by 2041 landfilling
is more favourable by approximately 88,000 tonnes / annum.  On an overall 
basis, incineration is slightly less favourable than the landfilling option 
averaged over the 30 years by approximately 14,000 tonnes per annum.
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Scenario Five - Incineration vs Landfilling Based On Reduced 
Biogenic Fraction (Varying Landfill Capture Rates)

For scenario 5 the same assumptions are made as in Scenario 4 (i.e. 
incineration / landfilling of MSW which is essentially inert by 2020) but with 
the landfill gas capture rate varying as follows:

• 75% landfill gas capture

• 50% landfill gas capture
• 30% landfill gas capture

• 20% landfill gas capture

A recent publication(1) has indicated that Dutch field measurements are 
measuring average rates of 25% whilst recent data from the USA is 
approximately 19% over the lifetime of the landfill although instantaneous 
levels may well be much higher than this.

(1) Eunomia Consulting A Changing Climate For Energy From Waste? (2006)
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Scenario Five - Incineration vs Landfilling Based On Reduced 
Biogenic Fraction (Varying Landfill Capture Rates)
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Scenario Five - Incineration vs Landfilling Based On Reduced 
Biogenic Fraction (Varying Landfill Capture Rates)

Result

As the landfill gas capture rate decreases from 75% to 20%, greenhouse 
gas emissions from landfills rise significantly.   At a landfill gas capture rate 
below approximately 70% incineration is a better option than landfilling
averaged over the lifetime of the facility. Based on this scenario of waste of 
high fossil fuel content (and thus very low biogenic content), the landfill gas 
capture rate still needs to be maintained at a very high rate during the 
landfills lifetime to shift the balance towards landfill under this scenario. 
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Scenario Six - Incineration vs Inert Landfill/ AD/ Sequestration

For scenario 6 we have compared the following:

• incineration of 600,000 tonnes of current mix of MSW, compared to:

• the landfilling of 357,780 tonnes of inert MSW with the biogenic fraction 
removed (organic and paper waste both accounting for only 10% of waste 
landfilled), and  

• 242,220 tonnes of organic / paper waste is anaerobically digested (AD) with 
the biogas recovered for energy usage.   

• the sequestration credit for landfilling and anaerobic digestion (even though 
this is not allowable under the Kyoto Protocol)(1).

(1) European Commission Waste Management Options and Climate Change (2001)
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Scenario Six - Incineration vs Inert Landfill/ AD/ Sequestration
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Scenario Six - Incineration vs Inert Landfill/ AD/ Sequestration

Result

Incineration initially leads to a net benefit of the order of around 53,000 
tonnes per annum (equivalent to 0.1% of the Kyoto target).  Again, levels 
converge gradually as the conversion from fossil fuel to renewable sources 
has a greater effect on incineration than landfilling.  

By 2022 landfill / AD option becomes a better option and by 2041 performs 
better than incineration by approximately 60,000 tonnes / annum. On an 
overall basis, there is a small saving due to landfilling / AD including 
sequestration compared to incineration averaged over the 30-years of the 
order of 12,000 tonnes per annum (less than 0.019% of the Kyoto Protocol, 
although this approach would not be allowable under IPCC rules).
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Scenario Seven - IPCC Scenario of Incineration vs Landfilling
Including 80,000 tonnes of Industrial Non-Hazardous Sludge

Scenario seven is based on scenario 1 (i.e. a direct comparison between 
incineration and landfilling of 600,000 tonnes of MSW with the current 
biogenic fraction) using the 2006 IPCC methodology.  

The two options are:

• 600,000 tonnes of MSW incinerated or landfilled

• 520,000 tonnes of MSW and 80,000 of biogenic non-hazardous sludge 
incinerated or landfilled

Result

The addition of sludge of biogenic origin to either the incinerator or landfill is 
beneficial by similar amounts.
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Scenario Seven - IPCC Scenario of Incineration vs Landfilling
Including 80,000 tonnes of Industrial Non-Hazardous Sludge
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Scenario Eight - Incineration (with District Heating) vs Inert 
Landfill & Biogenic AD & Sequestration

For scenario 8 we have compared the following:

• incineration of 600,000 tonnes of current mix of MSW with district heating 
based on an energy saving of 957,420 GJ/annum and 50MW of exported 
power (equivalent to 80MW of exported power), compared to:

• the landfilling of 357,780 tonnes of inert MSW with the biogenic fraction 
removed (organic and paper waste both accounting for only 10% of waste 
landfilled), and  

• 242,220 tonnes of organic / paper waste is anaerobically digested (AD) with 
the biogas recovered for energy usage. 

• the sequestration credit for landfilling and anaerobic digestion (even though 
this is not allowable under the Kyoto Protocol).
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Scenario Eight - Incineration (with District Heating) vs Inert 
Landfill & Biogenic AD & Sequestration
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Scenario Eight - Incineration (with District Heating) vs Inert 
Landfill & Biogenic AD & Sequestration

Result

Incineration initially leads to a net benefit of the order of around 155,000 
tonnes per annum (equivalent to 0.25% of the Kyoto target).  Again, levels 
converge gradually as the conversion from fossil fuel to renewable sources 
has a greater effect on incineration than landfilling.  

By 2040 landfill / AD option becomes a slightly better option.  On an overall 
basis, the saving due to incineration compared to the landfiling / AD option 
(including sequestration) averaged over the 30-years is of the order of 
60,000 tonnes per annum. 
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Assessment Summary

• Using the 2006 IPCC methodology rules, incineration is a better option than 
the alternative waste mangement strategies under most plausible scenarios.  
Based on the current levels of biogenic material in the waste stream and the 
current fraction of renewables in the fuel mix, incineration is significantly 
better.

• When we assume essentially no biogenic material going to landfill by 2020 
(in line with the Landfill Directive) and high fraction of renewable power (54% 
by 2041), incineration (of the current waste mix) is still significantly more 
favourable.  This still applies when the facility is operating at only 50% of 
capacity.

• In order for the alternatives to become more favourable from a climatic 
perspective, the waste stream going to incineration needs to be essentially 
devoid of biogenic material.  Even for the AD / landfilling alternative to work, 
a landfill gas capture rate of greater than 70% would be required over the 
lifetime of the facility.
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Assessment Summary (cont.)

• Landfilling of inert waste with AD of biognic waste, is marginally more 
favourable than incineration of mixed MSW when sequestration is included, 
(based on landfill capture rates above 70%).  

• If biogenic waste is removed from the incineration waste stream and 
assuming fossil fuel derived waste rises in tandem, then landfilling with AD is 
more favourable but again only when we allow sequestration and secondly 
assuming higher landfill capture rates than that recommended by the IPCC.  
Even this scenario, which includes sequestration, switches in favour of 
incineration when we include district heating in the analysis for the Dublin 
WTE facility.

• In summary, incineration of mixed MSW is a more favourable option from a 
climate perspective, under the IPCC rules, both currently and into the 
foreseeable future than either landfilling alone or the option of landfilling of 
inert material with the AD of all biogenic material.


