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Executive Summary 

 

This report considers the NOX National Emission Ceiling for Ireland. Specifically reviewing:  

 

• The anticipated challenge with respect to compliance. 

• The measures and events which will yield further progress. 

• The factors which yet militate against success.  

 

In the report a number of factors are identified as contributors to the root cause of the 

particularly demanding challenge posed by the current 2010 NOX ceiling. However, foremost 

amongst these factors, has been the poor ‘on-road’ emission performance of a selected series 

of critical technical abatement options for the transport sector, specifically related to diesel 

vehicles. In this regard, Ireland, along with the other member states, is a ‘technology taker’ 

and therefore a significant component of the scale of the challenge has arisen, not due to a 

failure to implement envisaged policies and measures, but rather due to the failure of an 

‘implemented’ technology. In brief the failure of the Euro standards to deliver both on-road 

and test cycle performance has unquestionably and substantially debased a core assumption 

in regard to the level of cost-effective and feasible technical abatement from the significant 

NOX source sector of transport.  

 

In an Irish context, the challenge has been exacerbated due to an unforeseen combination of 

events which have added weight to the impact of the Euro standard problem. Specifically:  

 

1. An unforeseen surge in economic activity and associated transport well above the 

levels forecast at the time of the original emission ceilings formation. Channelling 

more energy into a problem sector for NOX. 

 

2. A strong fleet turnover that has delivered high levels of technology penetration for 

standards which are now in some cases modelled as NOX emission contributors.  

 



3 | P a g e  
 

In regard to the former point, this underestimation may now be somewhat countered by the 

recent collapse in economic activity associated with the global economic crisis begun in 

2008. Emerging evidence suggests that this collapse has had a pronounced effect upon 

emissions of NOX, particularly from the construction and transport sectors.  

 

However, it is also noted in this report, and important to recognise, the actual abatement 

measures and policies that have been implemented and managed over the last two years in 

Ireland in support of further abatement and progress. These include the NERP, carbon tax, 

abatement technologies in the cement industry, ‘smarter travel’ transport initiatives, a major 

technology abatement investment in the power sector, and ambitious efforts to increase 

renewable penetration and electric cars. Combined these measures and the slow down in 

economic activity may bring NOX emissions in 2009 to a level of approximately 90kt. With 

further falls still being experienced in 2010, and some further abatement measures and 

policy effects due to come into force, it is feasible that the 2010 inventory (for the compliance 

phase) could report emissions in the region of 80kt.  

 

At this level, the balance of surplus emissions beyond the ceiling would be 15kt – marginally 

less than the estimated level of emissions to be attributable to the Euro standard failures 

alone1. Therefore we could conclude that compliance may have been achieved had all 

technologies been delivered as expected. However, whilst this may explain the current 

situation, the broader issues remain to be addressed. This report identifies just one example 

of how problems can develop and persist in the process. Whilst the outcome may yet ‘balance 

out’ – there needs to be a more formal approach to managing such issues in the future.  

 

This report reiterates the necessity for well developed national capacities which offer the 

expertise and persistent engagement that is necessary for effective management of this 

complex area of policy. An area where Ireland has now made considerable progress. 

Furthermore, the report would strongly recommend that given the scale, complexity and 

time horizons involved in transboundary air pollution policy, appropriate and well balanced 

flexible mechanisms (see references for recent related reports by Kelly et al.) are essential for 

the effective expansion and continuance of such agreements into the future.   

                                                             
1 Based upon the GAINS methodology calculations, COPERT assessments for inventory may be expected to 
deliver alternative values due to methodological and aggregation variation.  
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1.  Introduction  

This report is an update to the Spring 2009 piece by AP EnvEcon in relation to Ireland’s 

challenge and options with respect to meeting the NOX emission ceiling for 2010 and 

delivering continued progress into 2015 and beyond. Updates and amendments have been 

made throughout the piece and as such the work should be considered again in its entirety as 

a stand-alone piece. 

 

Ireland’s current situation with regard to the NOX emission ceiling for 2010 under the 

National Emissions Ceiling Directive (NECD) 2001/81/EC presents particular challenges 

from a number of perspectives. Submitted forecasts of emissions for 20102 indicate that 

Ireland is on a path of emission reduction for NOX and each of the other NECD pollutants. 

However, based upon the values in these same forecasts, the required emission reduction for 

NOX in 2010 is over 50%. The outlook therefore indicates a particularly problematic 

situation for compliance in 2010 and, as will be elaborated later in the paper, there were a 

number of factors unaccounted for in the process and existing legislation which militate 

against compliance. The situation in numbers for this 2009 forecast is summarised in Table 1 

for Ireland. 

 

Table 1: NOX emissions in Ireland 2010 ceiling and 2009 projection 

NECD 2010 

Ceiling 

2009 National WM 

Forecast for 2010 

Gap to 

Ceiling 

65 kt NOX 103 kt NOX 38 kt NOX 

 

In Table 23 we then expand the assessment of these 2009 forecasts (stressing again that 

these are not inventory figures) to include other European countries. Data in Table 2 are 

derived from national emissions forecasts submitted in 2008 (EEA, 2009). These data reveal 

the scale of Ireland’s challenge, where the ratio of the gap to ceiling as a proportion of the 

ceiling stands at 58%, though in absolute terms the overshoot, at 38 kt is relatively minor. 

Nonetheless the table also clearly reveals that this challenge with the NOX ceiling is not a 

challenge for Ireland alone. 

                                                             
2 Under Article 8(1) of the Directive, Ireland is required to report annual national emission inventories and 
projections to the EC and the EEA. The most recent official forecasts uploaded onto EIONET CDR on 18 
December, 2009. 
3 Table 2 excludes Luxemburg due to the absence of data. 
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Table 2: 2009 NOX reporting for 2010 – WM, WAM, Ceiling, and WM gap to Ceiling 

Country 

Kt of NOX 

WM WAM Ceiling 
Gap to 

Ceiling4 

Proportion 

of gap to 

ceiling 

Austria 154 NE 103 51 49.5% 

Belgium 253 NE 176 77 43.8% 

Bulgaria 247 247 247 0 0.0% 

Cyprus 19 NE 23 -4 -17.4% 

Czech Republic 275 NE 286 -11 -3.8% 

Denmark 126 NE 127 -1 -0.8% 

Estonia 39 NE 60 -21 -35.0% 

Finland 151 NE 170 -19 -11.2% 

France 1,105 1,050 810 240 29.6% 

Germany 1,112 1,051 1,051 0 0.0% 

Greece 320 320 344 -24 -7.0% 

Hungary 164 NE 198 -34 -17.2% 

Ireland 103 101 65 36 55.4% 

Italy 865 NE 990 -125 -12.6% 

Latvia 45 NE 61 -16 -26.2% 

Lithuania 110 44 110 -66 -60.0% 

Luxembourg 13 13 11 2 18.2% 

Malta 8 NE 8 0 0.0% 

Netherlands 261 261 260 1 0.4% 

Poland 895 NE 879 16 1.8% 

Portugal 242 242 250 -8 -3.2% 

Romania 336 327 437 -110 -25.2% 

Slovakia 90 90 130 -40 -30.8% 

Slovenia 49 49 45 4 8.9% 

Spain 1,145 NE 847 298 35.2% 

Sweden 149 NE 148 1 0.7% 

UK 1,251 NE 1,167 84 7.2% 

EU-27 9,527 NE 9,003 331 3.7% 

                                                             
4 WAM scenario used where available, otherwise WM scenario used. 
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Based on these EIONET submissions it seems that up to 12 countries were not expecting to 

comply with the 2010 NOX ceiling based upon With Measures scenarios (EEA, 2009). This 

compares with only a handful of possible exceedances under the other three regulated 

pollutants. Filtering the NOX ceiling list to the original EU15 countries who agreed the NEC 

directive – only 5 expect to comply with the NOX 2010 ceiling. NOX is therefore clearly set 

against the broader trends of progress on transboundary pollutant emissions reductions and 

this would warrant further consideration. 

 

However, it is of course the inventory figures which provide the final word in respect of 

compliance for 2010. Inventory work will capture more precisely, the impact of various 

measures introduced in recent years, and also the effect of the international economic crisis. 

Indeed for Ireland, provisional evidence contrasting inventory with short-range forecasting 

would suggest that the impact and extent of the economic shock, along with recently 

introduced measures that seek to capture further reductions, have not been best captured in 

the short-term horizon modelling of national analytical systems more accustomed to longer-

term forecasting of more gradual changes in the economy. 

 

With this in mind, a brief analysis of preliminary inventory work for 2009 suggests even 

greater progress has been made towards closing the gap to the ceiling. Provisional national 

inventory emissions estimates are now in the region of approximately 90kt for 2009, with 

further reductions quite likely (based on both further development of measures and 

continued recessionary effects) in the subsequent 2010 inventory. Thus the gap to ceiling is 

likely to be significantly reduced from the forecast values of 2009. 

 

Despite this, the question arises as to why so many countries are struggling with one 

particular pollutant. The answer lies amongst a number of identified confounding factors 

that have exacerbated the challenge of compliance with the NOX ceiling for all. While these 

have been described in some detail in a prior document focused on the Irish NOX challenge 

(Kelly, 2007), and further points have been raised in relation to this challenge and lessons 

for future processes in a policy article (Kelly et al., 2010), further efforts are made in this 

document to specifically isolate the key factors, update their evaluation and examine how 

they have contributed towards the continued ceiling challenge. 
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1.1 Report structure 

This report is structured into several components framed by this introduction and some 

concluding thoughts. The next section – Section 2 – provides a summary of the structure of 

national NOX emissions from the inventory up to 2008. This will identify the sectors which 

present specific challenges, as well as areas where significant abatement has been achieved 

and further efforts are in process. 

 

Section 3 then considers the parameters and input data that underpinned the modelling 

work to inform both the Gothenburg Protocol and the NECD. These data are evaluated in 

contrast with the most recent evidence of same to illustrate where inputs and assumptions 

have deviated – or not – from the original analytical work. The purpose here is to identify 

some of the confounding factors that may have contributed to the current challenge and to 

review the scale of their variation and impact. 

 

Section 4 examines a list of selected actions and options that have been implemented in 

Ireland to achieve further reductions in NOX emissions. This is not an exhaustive list, but 

rather a selection by the authors of the most relevant and recent national efforts that should 

be impacting positively upon NOX abatement in Ireland, and which will contribute towards 

narrowing the gap to the 2010 ceiling. 

 

Section 5 then identifies a range of further potential options for NOX abatement (some of 

which have been introduced already, but where the full benefits will most likely not be 

realised in time for the 2010 ceilings). Full cost-benefit appraisals are beyond the scope of 

this report and thus these options are discussed qualitatively rather than evaluated 

quantitatively.  

 

Section 6 changes the focus, and presents an update on the progress being made in 

developing and sustaining national capacity in the modelling and management of this area, 

and identifies the overall importance of connected capacity in fields such as inventory, 

forecasting and modelling. Relevant in this context is national work on the refinement of 

emission estimation and methodological improvements that can influence recorded, forecast 

and modelled emission levels.  
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Section 7 alludes to parallel work in relation to the broader legislative structure for 

evaluating compliance and briefly sets out why adaptive policy mechanisms should be 

engaged in the process to support broader options for abatement efforts. Summary 

concluding thoughts are then presented to close.  

 

2. Structure of Ireland’s NOX emissions 

Figures 1 and 2 present the sources and shares of national NOX emissions as reported in the 

Irish national inventory from 2000-20085. Provisional figures for 2009 are in process but 

not yet released at the time of writing.  In the period from 2000-2008 clear progress has 

been made in reducing aggregate emissions – from approximately 138kt in 2000 to 

approximately 112kt in 2008. Aggregate progress has been slowed, in part, by the 

counteracting effect of increased national economic activity over this period. However, this 

effect has been somewhat ‘overturned’ in 2009 as the effect of a collapse in economic activity 

has influenced national emissions. 

 

Figure 1: National inventory NOX emissions by sector (in kt), 2000-2008 

 

Source: National Inventory, 2000-2008 

                                                             
5 A further point arises in regard to the role of ‘inventory revisions’ as an important factor in the appearance of 
progress or lack of progress on emissions targets. We do not explore this issue within this piece but acknowledge 
the relevance to the subject matter.  
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As mentioned, the most recent (preliminary) inventory for 2009 suggests that there has been 

even further progress in reducing the absolute level of NOX emissions to an estimated 90kt in 

2009. This represents a significant drop from 2008 levels of approximately 22kt6. This 

reduction is certainly connected to the recessionary effects on the economy (e.g. less activity 

within key source sectors such as transport and construction). However, it is important not 

to play down the achievements of a number of other abatement measures and policies which 

have contributed here, and continue to do so (e.g. major environmental refit of Ireland’s sole 

large scale power plant coming on-line, progress towards ambitious and complementary 

‘climate’ policies). 

 

Figure 2: National inventory sectoral share of NOX emissions (percentage), 2000-2008 

 

Source: National Inventory, 2000-2008 

 

Overall, it is the transport and power sectors that have achieved the most significant absolute 

drops in recent years. However, despite significant reductions, emissions from road 

transport continue to dominate and remain a significant threat to compliance efforts (this 

sector accounted for 47% of total NOX emissions in 2008). Thus the authors would suggest 

                                                             
6 Figures are provisional, however, these figures include fuel sold as opposed to the adjusted fuel tourism values 
which would be expected to be marginally lower again for this year. 
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that the main challenge of NOX abatement lies here. In later sections we review the authors’ 

identification of specific options that are contributing towards further reductions in NOX 

emissions, as well as examining some options that could offer even further progress in 

relation to NOX reductions. Whilst a full sector approach is taken, much of the focus – in 

terms of both measures and methodology - remains upon the transport sector. 

 

The next section examines the origins of the NECD and Gothenburg protocol, in particular 

the original parameter assumptions and the role they have played in exacerbating the NOX 

ceiling challenge specifically.  

 

3. Original parameters and the setting of ceilings 

 

The challenge faced with respect to NOX is to some extent a function of the gap between 

expectations and outcomes. In this section we examine the components and parameters 

which informed the setting of the ceiling and investigate the variation between expectations 

and outcomes, and how this gap may contribute to the particular challenge associated with 

NOX for so many countries today. 

 

3.1 Activity 

Activity in this context refers principally to energy use. Activity data is a core parameter of 

the modelling process as it indicates how sectors and economies are expected to grow. In 

order to draw comparisons between old and current estimates we have employed the use of 

an older earlier version of the ‘RAINS’ model (version 7.2). Values drawn from this model are 

circa 1997 and are broadly in line with those which were used to inform target setting under 

the Gothenburg Protocol7. 

 

                                                             
7 Figures for Ireland have been checked against other scenarios documented e.g. REF, G5/2 and are comparable 
for the purpose of this review. For consistency with the control review in this piece we opted to draw on the 
energy data from this version of the model also – given that it is not very different from the activity values 
ultimately used to underpin the Gothenburg Protocol modelling runs and negotiations.  
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Table 3 presents a comparison between activity levels extracted from this old RAINS model 

against current estimates8 of activity levels for 2000, 2005, and 2010. It is clear from this 

table that the early estimates underestimated activity levels over the past 10 years, 

particularly within the transport sector, where the more recent forecasts for 2010 are 

approximately 75kt (and 45%) higher than the initial estimates for this year. This 

discrepancy may be at least partially explained by the assumptions on economic growth that 

went with the forecasts utilised for the setting of the 2010 ceilings. These are outlined in 

Kelly (2007), but to reiterate, it was assumed that the Irish economy would grow by 4% on 

average per annum from 1999. However, in reality the Irish GDP growth rate averaged 11.4% 

per annum from 1995 to 2006. This higher than expected economic growth contributed to 

higher activity in many sectors, particularly transport and construction. 

 

Table 3: Evolution of estimated activity levels (PJ): RAINS 7.2 vs. Current best estimates 

 2000 2005 2010 

RAINS 

7.2 

Current 

estimates 

RAINS 

7.2 

Current 

estimates 

RAINS 

7.2 

Current 

estimates 

Transport 88.26 181.40 95.49 221.03 165.96 240.13 

Power 115.49 108.43 120.72 104.43 142.32 181.43 

Residential and 

commercial services 
168.55 166.35 182.94 198.48 200.58 203.19 

Industry: Boilers 0.00 4.21 0.00 4.03 0.00 5.62 

Industry: Other 

combustion 
82.44 97.54 94.24 94.37 136.47 88.58 

Combustion 2.65 3.26 2.84 4.57 1.76 4.32 

Transmission losses 14.40 15.06 17.93 16.78 25.54 14.94 

Non energy 29.28 0.00 29.90 0.00 25.17 0.00 

Total 501.07 576.25 543.06 643.69 697.80 738.21 

 

 
                                                             
8 Current estimates are based on the National White Paper energy forecasts of 2009, i.e. the ‘With Additional 
Measures’ scenario in 2010. 
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The point of this contrasting review has not been to simply illustrate the magnitude of the 

variation between energy forecasts and actual outturns. Often it is the case that forecasts do 

not pan out as expected in reality due to unforeseen economic circumstances, shocks, or 

other such unpredictable events. In this case however, the fact that it was specifically the 

transport sector which was strongly underestimated is particularly unfortunate and 

contributed to the magnitude of the challenge for Ireland for a variety of reasons discussed 

later9.  

 

Additional to this point, a secondary purpose has been to flag the uncertainty inherent within 

forecasting and to detail the areas where forecasts have differed the most. As the emission 

ceilings are tied to these initial energy estimates, amongst other parameters, the relevance to 

the current challenge is clear. We return once more to the implications of fixed ceilings in 

section 7, where the case is made for an adaptive policy framework with regard to target 

setting. 

 

3.2 Capacities controlled 

Capacities controlled represent the degree to which various controls have ‘penetrated’ the 

market. The current control proportions are outlined within the ‘capacities controlled’ 

section of the GAINS model. We return once more to the old RAINS model (7.2) to review 

the capacity controls which were estimated for 2010. As before, we believe 1997 to be a close 

proxy for the values ultimately used to underpin the 2010 ceilings. Comparisons are then 

made with the capacities controlled borne out in recent years, and near term projections for 

control shares in 201010.  

 

For the most part the assessment shows that the capacities controlled that were defined in 

1997 for 2000, 2005, and 2010 have largely been adhered to. There are minor cases where a 

lower than expected control has come about over these years. Generally these cases are 

confined to transport within agriculture (i.e. tractors). Some caution is required here when 

drawing comparisons, however, as the definitions and aggregation of sub-sectors within the 

RAINS model of 1997 are not fully consistent with those of the GAINS model today. 

                                                             
9 Specifically the failure of selected Euro standards discussed in section 3.3 – which left a sector with high activity 
and limited technical abatement options.  
10 It is acknowledged that the control shares were never prescriptive of a set abatement path to be followed and 
similarly that current control strategy values are not necessarily a precise reflection of technological controls. 
More on this point is presented in section 6.3. 
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As a broad representation of the assessment, we present a table of outcomes. Where controls 

have been adhered to, examples have been split into ‘exact control’, ‘greater control’ and a 

‘mixture’ of success. Exact control refers to cases where the capacities controlled for a given 

technology have matched exactly with what was estimated in 1997. Greater control refers to 

cases where the penetration of controls has been greater than what was initially anticipated, 

while the mixture refers to cases where controls within sectors have either been exactly met 

or achieved a greater control (i.e. a mixture of ‘exact control’ and ‘greater control’). Table 4 

reveals the performance of capacities controlled across specific sectors for 2000, 2005, and 

2010 compared to what was initially estimated under the RAINS 7.2 model. 

 

Although cautious to draw strong conclusions from this type of assessment, the results would 

broadly indicate that in most cases the estimated control shares have been met or exceeded. 

It is clear from Table 4 that the majority of sectors have achieved greater controls than 

originally estimated in 1997, where, in 2010 all sectors have achieved some combination of 

exact or greater controls than initial estimations. The transport sector is deliberately omitted 

here as it warrants a deeper analysis regarding the success of control shares. This is 

addressed below. 

 

Table 4: Ex ante and ex post contrasting of capacities controlled for 2000, 2005, 2010  

Sector 
Exact control Greater control Mixture 

2000 2005 2010 2000 2005 2010 2000 2005 2010 

Combustion ✓ ✓    ✓    

Industry: 

Boilers 
   ✓ ✓    ✓ 

Industry: Other 

combustion 
✓ ✓       ✓ 

Power    ✓ ✓ ✓    

Processes    ✓ ✓ ✓    

Total 1 2 0 3 3 3 0 0 2 
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Transport 

Because the transport sector contains several stages of a specific control (e.g. Euro 1, 2, 3, 

etc.), and each has a specific control share, it is difficult to gauge the success of control shares 

in 2010 in terms of whether they have reflected the estimates from 1997. The reason for this 

is that whilst a value may be lower for a specific stage, it may be higher in a later, more 

advanced stage.  

 

Table 5: Estimated transport control shares for 2010: RAINS 7.2 and current GAINS 

estimates11  

Sub-sector 
RAINS 7.2 (1997) GAINS 

Control 

(2010) 

National Fleet 

Estimate (2009)12 Technology Control Shares  

Light duty 

4-stroke 

(petrol) 

   Cars Trucks 

No Control 0.15 No Control 0.8 - 

Euro 1 2.25 Euro 1 15.2 - 

Euro 2 28.53 Euro 2 35.1 - 

Euro 3 69.07 Euro 3 24.5 - 

- - Euro 4 24.4 - 

Light duty 

4-stroke 

(diesel) 

   Cars Trucks 

No Control 0.21 No Control 1 3.1 

Euro 1 5.31 Euro 1 7.5 5.5 

Euro 2 66.14 Euro 2 19.8 21.8 

Euro 3 28.34 Euro 3 27.4 24.4 

- - Euro 4 44.3 45.3 

Heavy duty 

vehicles 

(diesel) 

   Buses Trucks 

No Control 0.15 No Control 1.1 1.1 

Euro I 0.16 Euro I 7.5 7.5 

Euro II 6.68 Euro II 21.8 21.8 

Euro III 93.01 Euro III 24.4 24.4 

Euro IV 0 Euro IV 45.3 45.3 

- - Euro V - - 

 

                                                             
11 Technologies in RAINS and GAINS have had varied codes – in this presentation all are presented as 
current Euro standard codes e.g. Euro 1, Euro I  
12 Sourced from Irish Bulletin of Vehicle Driver Statistics 
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Furthermore, the GAINS model now contains more detailed splits on vehicle type than the 

RAINS 7.2 model. While this is obviously a positive change, for the purposes of this exercise 

alone comparisons between developments in control shares are more difficult to ascertain. 

For example, Table 5 displays the estimated control shares of selected vehicle types in 1997 

for 2010 alongside recent fleet estimates for 2009. 

 

Generally speaking, it would appear that the control shares set out under RAINS 7.2 for 2010 

have been mostly ‘outperformed’ by 2009 based on current fleet estimates. Overall therefore, 

it would seem that the transport sector has delivered in excess of what was initially expected 

in terms of migration to lower emission technologies. However, on this point, it should be 

noted that there are some ongoing elements of work in relation to fleet forecasting and fleet 

distribution13 to be considered with respect to future forecasting of fleets. This work is 

mentioned in section 6.3, and whilst fleet share values may vary, the evidence presented 

within section 4would suggest that the Irish fleet in 2009 is comparatively new and has 

achieved greater penetration of the higher euro standards than most European countries.  

 

3.3 Removal efficiencies 

Removal efficiencies in modelling parlance refer simply to the amount of a given pollutant 

that a given technology will remove from a given activity. Thus where a given activity, such as 

driving a car, might lead to emissions of, say 10 grams per km, a specific technology may 

remove 10% of these emissions – bringing the rate down to 9 grams per km. The removal 

efficiency of the technology is then simply 10%. In reviewing removal efficiencies we focus on 

the Euro standard controls within road transport.  

 

Various stages of Euro standard controls have been introduced over the past 10 years for a 

number of vehicle types and categories. The concept is that each higher level of the 

technology would offer a greater level of emissions abatement than its predecessor.  

 

As before with activity levels there have been changes between the original expected removal 

efficiencies and current outcomes. Table 4 displays these for a range of controls within the 

transport sector for 1998, 2006, and 2010. Removal efficiencies in 1998 represent those that 

                                                             
13 On the latter, the work focuses on the use of weight estimates to distinguish between light and heavy vehicles.  
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were used to underpin the current NOX ceiling, while those in 2006 represent those from 

more recent estimates. Finally those for 2010 represent the current estimates. While there 

are other controls available for other vehicle types and categories (i.e. petrol cars, 

motorcycles, and light duty (petrol) vehicles), we focus here on where there are significant 

variations in removal efficiencies combined with relatively high activity levels between these 

years (i.e. while the removal efficiencies for motorcycles from 1998 and 2010 vary quite 

significantly, activity levels are relatively low, thus the difference in overall emissions is not 

very significant). 

 

Table 6 presents removal efficiencies as derived from various iterations of the RAINS/GAINS 

model14. It is clear from these data that much of the variation in removal efficiencies is 

attributable to controls that cater for diesel engines. There is significant variation in these 

estimates for many of the control stages. For example, in 1998 it was estimated that the Euro 

IV standard for heavy duty (diesel) trucks would deliver an 85% reduction in NOX emissions. 

However, by 2010 this estimate has been revised downwards to just 60%. Indeed for all 

presented cases the estimated removal efficiency in 2010 has been scaled downward from 

the initial estimates in 1998. 

 

There is however, a further concern that the introduction of certain Euro standards and 

associated efficiency ambitions for diesel cars have actually resulted in an increase in NOX 

emissions above what would have occurred if there were no control in place. For example, in 

1998 the estimated aggregate removal efficiency of the Euro 3 standard for diesel cars was 

60%. However, by 2010 it is provisionally suggested under this methodology that the 

introduction of the standard contributed to an aggregate increase in NOX emissions for this 

class of 36%. Thus in achieving a comparatively good turnover of fleet, and moving up the 

scale towards higher Euro standard vehicles, Ireland may have exacerbated NOX emissions. 

 

Emerging research from the Netherlands, Sweden, and the UK (DEFRA) has also flagged 

problems with these Euro standards. The broad issues have been discussed before and relate 

principally to the following points: 

                                                             
14 Many national teams use COPERT to determine road transport emissions. The COPERT model is a more 
detailed transport emissions model and feeds into many national inventories. The removal efficiencies in Table 6 
are taken from RAINS/GAINS. These are related to the COPERT values, but are understood to be aggregates 
developed to function as part of the RAINS/GAINS model framework. These aggregates may report higher 
emissions than COPERT. In particular within COPERT it is principally smaller diesel cars (< 2 litre) which exhibit 
the poor levels of performance listed in table 6 for ‘Cars (Diesel). Note that values are reported not interpreted.   
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• ‘Cycle beating’ - Controls designed to adhere to standards under vehicle test cycle 

conditions but not ‘on-road’. 

• SCR for heavy vehicles has varied efficacy under urban and motorway conditions. 

• Increased fuel efficiency for reduced carbon can in turn lead to higher NOX 

 

Table 6: Removal efficiencies for various transport controls, 1998, 2006 and 2010 

estimates15 

Vehicle category 
Abatement 

technology 

NOX removal efficiency 

1988 2006 2010 

Cars 

(diesel) 

Euro 1 31% 0% -18%* 

Euro 2 50% 0% -17%* 

Euro 3 60% 0% -36%* 

Euro 4 80% 25% -11%* 

Euro 5 80% 61% 10% 

Euro 6 80% 85% 55% 

Heavy duty 

trucks (diesel) 

Euro I 33% 31% 30% 

Euro II 43% 26% 26% 

Euro III 60% 36% 46% 

Euro IV 85% 63% 60% 

Euro V 85% 78% 75% 

Euro VI - - 95% 

Light duty trucks 

(diesel) 

Euro 1 31% 0% 27% 

Euro 2 50% 0% 27% 

Euro 3 60% 0% 40% 

Euro 4 80% 0% 46% 

Euro 5 80% 61% 58% 

Euro 6 80% 85% 80% 

Buses 

(diesel) 

Euro I 33% 31% 23% 

Euro II 43% 26% 15% 

Euro III 60% 36% 30% 

Euro IV 85% 63% 52% 

Euro V 85% 78% 70% 

Euro VI - - 94% 

* Negative removal efficiencies imply an increase in emissions beyond 

                                                             
15 Removal efficiencies are relative to the emissions that would be associated with a pre-Euro control. 
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The effect of applying these revised removal efficiencies in Ireland has had a significant and 

pronounced impact on emissions. Table 7 displays this difference where the activity, the 

penetration of controls, and the unabated emission factor are held constant for 2009, with 

three outcomes for emissions displayed – one applying the removal efficiencies of 1998, one 

for 2006, and the other applying the current estimates of removal efficiencies in 2010. 2009 

activity data are used in preference to 2010 projection data, so as to better capture the 

current trend in actual activity levels.  

 

Table 7: Selected 2009 emissions using 1998, 2006, and 2010 removal efficiencies 

Vehicle category 

2009 emissions  

1998 removal 

efficiencies 

2006 removal 

efficiencies 

2010 removal 

efficiencies 

Cars 

(diesel) 
2.7 kt 6.5 kt 8.5 kt 

Heavy duty 

trucks (diesel) 
4.1 kt 6.3 kt 6.2 kt 

Light duty trucks 

(diesel) 
6.9 kt 17.4 kt 12.4 kt 

Buses 

(diesel) 
2.7 kt 4.1 kt 4.8 kt 

Total 16.4 kt 34.2 kt 31.9 kt 

 

Whilst final energy balance data, energy distribution and the aforementioned split between 

light and heavy duty vehicles are matters to be finalised, multiple runs of the numbers yield a 

range of variation between 14kt and 18kt. The conclusion is clear. The emission outturn 

varies significantly depending on the removal efficiency used. The recommended estimate 

based on provisional data is an estimated variation from 1998 values to 2010 values of 15.5kt 

of NOX attributable to the Euro standard issue described16.  

  

                                                             
16 This value of 15.5kt is a reduction from the ~19kt value reported for Ireland in Kelly et al. (2010). This 
difference in outcome is explained by a change in the constants used in the studies. In both cases removal 
efficiencies alone were varied to capture the ceteris paribus impact on emissions of their (removal efficiencies) 
changing values. However, the relevant ‘constants’ such as selected year, transport subsectors included, energy 
data and vehicle control structure have been changed between these two studies. In this case the results are 
believed to offer a more accurate and appropriate representation of the current Euro standard issue. This is due 
to the selection of 2009 as the target year, only assessing relevant diesel vehicle categories, and the use of actual 
vehicle fleet data, and official energy balance data for 2009.  
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3.4 Summary 

 

There are three main conclusions from section 3. Firstly, for activity levels, early estimates 

have underestimated more recent activity estimates. While the figures for 2010 appear to be 

coming somewhat more in line, this gap was as high as 18% for all sectors in 2005, and as 

high as 132% for the transport sector in that year. High and unanticipated economic growth 

has largely contributed towards this surge in energy consumption, particularly so for 

transport and construction.  

 

Secondly, in terms of capacities controlled, it has been revealed that for the most part Ireland 

is believed to have gone beyond initial modelled expectations and achieved a greater 

penetration of (what were assumed to be) higher emission abatement technologies than 

originally envisaged. This has been the case for all sectors, including transport.  

 

Finally, the estimated NOX removal efficiency for transport controls has revealed a 

significant underperformance from initial expectations. This variation alone has led to a 

difference in NOX emissions estimates in the region of 15kt from the road transport sector in 

2009 (based on preliminary figures and the GAINS methodology17). Furthermore, while the 

removal efficiencies of many of these controls were revised downwards over time, for some  

the revisions actually moved to the point where the technology is seen as a contributing 

source to NOX emissions. Thus a comparatively new fleet in Ireland is modelled as 

contributing to yet higher NOX emissions. 

 

4. Developments in NOX abatement measures 

 

In this section we move towards a focus on actual abatement efforts. We review key actions 

that have, and continue to deliver further NOX reductions in Ireland. These measures are 

considered in terms of their contribution to the closure of the gap to the 2010 target. Further 

                                                             
17 We again note that final emission outcomes using the more detailed COPERT methodology would 
be expected to vary from these results.  
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measures and options are considered in Section 5. The actions and measures in this section 

are presented under the following headings: 

• Power generation 

• Industry 

• Road Transport 

 

4.1 Power Generation 

The power generation sector has made considerable progress in reducing the emissions from 

its operations. This progress is reflected in Figure 3, which presents the implied emission 

factor (IEF) trend for each of the fossil fuels used in power generation in Ireland. This figure 

reflects the progress made as part of the Moneypoint environmental refit programme (Coal 

IEF in 2008), the new peat fired generation coming online (Peat IEF from 2005), and the 

low, and reducing emission factor for NOX associated with gas fired generation (Natural Gas 

IEF) as Ireland continues to shift towards new combined cycle gas turbine (CCGT) fired 

plants18. The provisional 2009 IEF is not available at the time of writing, yet indications are 

for further progress, particularly in respect of coal 

 

Figure 3: Power generation NOX implied emission factors in Ireland 2000 – 2008 

 

                                                             
18 Although the load capacity at which these CCGT plants run is an important consideration with regard to NOX 
emissions. 

0

50

100

150

200

250

300

350

400

2000 2001 2002 2003 2004 2005 2006 2007 2008

Kg
/T
J

Coal (IEF) Peat (IEF) Oil (IEF) Natural Gas (IEF)



23 | P a g e  
 

We focus here on the IEF trends, as given that power generation gradually adjusts supply to 

meet market demand, the IEF is a better representation of abatement progress in the sector 

than absolute emissions19. Emissions are set to fall somewhat further in the case of coal, once 

the environmental refit programme at Moneypoint is fully completed in 2012. Beyond this, 

the forthcoming Industrial Emissions Directive (IED20) may be expected to drive further 

technological standards into play in the power generation market in Ireland, thereby 

delivering additional reductions across the board. 

 

Further relevant developments in the market include a growing share of renewable energy on 

the grid, principally wind. Much of the improvements expected in this area are driven by 

climate related policies and Ireland has already set an ambitious national renewable energy 

target of 40% of electricity from renewables by 202021. These renewables offer power with no 

operational emissions and their increased penetration can thereby be of significant influence 

in reducing power sector emissions. The challenge in this case is whether the grid can 

operate adequate levels of service when incorporating higher shares of intermittent 

renewable sources22. Technological developments in terms of upgrading the grid, grid 

demand management, smart appliances and interconnection to foreign sources of alternative 

power are all part of the path to a higher share.  However, irrespective of exactly how much 

renewable energy the grid can support, increases in the share of renewable generation – 

backed up principally by low-emitting gas-fired generation, offers a longer term potential for 

yet more NOX abatement. 

 

4.2 Industry 

Industry is regulated under the IPPC directive. On a national level the National Emission 

Reduction Plan (NERP) has delivered an over performance in regard to emission reductions 

beyond the basic Large Combustion Plant (LCP) Directive. As mentioned previously the IED 

introduction is expected to drive further reductions from this sector over the coming years. 

                                                             
19 That is to say that reduced electricity demand nationally could be expected over a longer timeframe to scale 
down the degree of power generation and associated emissions.  
20 The IPPC Directive is expected to be recast as a new piece of legislation known as the Industrial Emissions 
Directive (IED). This new directive would incorporate IPPC and six other directives – including the LCP Directive 
– into a single piece of legislation. The approach of the IED would remain on the implementation of best available 
technologies (BAT) with other proposed changes in terms of reduced administrative burdens and improved 
enforcement. 
21 Department of Communications, Energy and Natural resources, press release 26th January 2009 at 
www.dcenr.ie  
22 This is a subject of considerable debate – the All Island Grid Study see http://www.dcenr.gov.ie  offers a useful 
assessment of the potentials and problems.  



24 | P a g e  
 

In this context, whilst pollution tax systems and other mechanisms offer means of further 

reductions, it may be best to adopt a ‘wait and see’ approach with Industry to evaluate 

whether the single piece of legislation can stimulate a suitably improved level of abatement. 

It is worth noting also that whilst the IED is a simplified piece of legislation, it incorporates 

the potential for parallel mechanisms to operate under its auspices – such as the possibility 

of an international industry based trading scheme for NOX and SO2. As international 

developments and research are already underway,  the introduction of interim/additional 

national level measures may not be the best course of action in the short-term. 

 

Of particular relevance in the Industry NOX emissions makeup is cement manufacture. In 

this context there have been introductions of improved emission control technologies at 

major cement plants, improvements in the energy efficiency of the cement manufacturing 

process, and firms active in the promotion and use of alternative ‘environmentally friendly’ 

cements such as ground granulated blast-furnace slag23. All of these developments are 

reducing the contribution of cement use to nationally reported NOX emissions. 

 

However, though the effects are yet to be fully realised, the most significant recent 

development with regard to this source has been the global economic downturn, and 

particularly the crash in the housing and general construction market in Ireland. This has led 

to a considerable scaling down of cement manufacturing with a corresponding impact on 

cement sector emissions. Longer term outlooks have a recovery envisaged out to 2020, 

however, the economic activity is expected to remain ‘scarred’ in the sense that future 

projections of construction and associated cement manufacture are expected to be far lower 

than previously estimated. 

 

4.3 Road Transport 

Most sources of emissions abatement can be distilled into either technological change or 

behavioural change. With technological change there are two strands of abatement action. 

The first is to improve the actual capacity of a technology to reduce emissions – better 

abatement. The second is to improve the market penetration of a technology that reduces 

emissions – more abatement. As for behavioural change, again the type of behavioural 

                                                             
23 Emissions are associated with the steel production which produces the GGBS product – however, the marginal 
value of steel in relation to GGBS makes it clear that GGBS is in no way a driver of steel production. 
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change can be divided between two principal courses of action. The first is to get people to 

switch to a preferred less polluting activity – better activities. The second is to simply reduce 

the level of their activities altogether – less activities. The simplified matrix, as presented in 

Figure 4, can therefore be used to categorise emission abatement generally, and to group the 

types of actions taken in Ireland that have delivered further emissions reductions in regard 

to road transport. A number of options are also outlined that if taken could make a further 

contribution, but a discussion regarding these is principally reserved for section 5.  

 

Thus for the case of transport, we utilise this simplified matrix to structure a review of what 

we perceive as the more significant initiatives developed that have reduced NOX emissions 

from the transport sector – which is the most significant source sector for NOX emissions in 

Ireland.  

 

Figure 4: Simplified matrix of emissions reduction options and actions 

 

Road transport: Better abatement 

As a technology taker with respect to road transport, Ireland is dependent on development 

by vehicle manufacturers with regard to better abatement. The EURO standards for light and 

heavy duty vehicles are the standard in Europe, and Ireland will benefit from the delivery of 

these standards to market. However, whilst the standards have delivered much of the 
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abatement in this sector for NOX, the standards have on occasion failed to deliver operational 

emissions within the expected constraint levels, and indeed (as shown in section 3) have in 

certain cases contributed to NOX emissions. In such cases, Ireland, along with all other 

member states has no power to deliver ‘better abatement’. Thus, with regard to ‘better 

abatement’ in the road transport sector there is little to be done at a national level.  

Road transport: More abatement 

More abatement in the road transport sector translates into a greater penetration of 

abatement technologies into the market place. As vehicle abatement technologies have 

generally improved over the years (again noting the exceptions identified), the means of 

achieving more abatement is generally to replace older vehicles with newer vehicles. A 

degree of vehicle turnover is natural, and thus over time, the penetration of newer emission 

controls into the fleet can be expected. However, this is also an area where Ireland can, and 

has, taken effective independent action (e.g. scrappage scheme described in section 5) to 

influence the rate and nature of the changes in the vehicle fleet. These efforts combined with 

a boom in economic growth and a high rate of new car sales has afforded Ireland significant 

progress in terms of achieving a higher than expected share of control standards within the 

vehicle fleet.  

 

Figure 5: Sample of passenger car fleet ages for 2007 

 Source: Adapted from UNECE transport statistics data 
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Figures 5 and 6 present a comparison of vehicle fleet ages across 6 countries. Generally, 

Ireland, along with the UK, has on aggregate a comparatively newer fleet than the other 

comparison countries. This applies to both the passenger car fleet and the truck fleet. The 

presented data set only captures 2007 and therefore misses the recent scrappage initiative 

and taxation incentives that have had a notable influence on car sales and scrappage. 

Ultimately then in regard to more abatement, it is not felt that there is much greater value to 

be had in promoting more dramatic fleet turnover through either scrappage or revised 

purchasing incentives. Particularly where the life cycle costs of encouraging people owning 

relatively new vehicles to purchase even newer vehicles are considered, and also of course, 

where the current Euro IV diesel standards are underperforming24.  

 

Figure 6: Sample of truck fleet ages for 2007 

 

Source: Adapted from UNECE transport statistics data 

 

Road transport: Better activities 

‘Better activities’ here translates to a shift in driver behaviour towards more efficient, and 

smarter travel initiatives. These may include greater modal shift motivated, for example, by a 

congestion charge, a move towards electric cars, a car pooling scheme, or a school bus 

                                                             
24 The arrival of Euro V vehicles may alter this logic.  
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scheme. Quantification of influence can be challenging. However, there have been a number 

of initiatives in this area. For example, the government ambition with respect to electric car 

penetration and some of the initiatives under www.smartertravel.ie. These are flagged in 

Table 8 in the summary of this section.  

 

Road transport: Less activities 

‘Less activities’ simply refers to a reduction in energy demanded or consumed. Within the 

realm of road transport, this can be achieved in a few ways – greater modal shift (leading to 

lower energy consumption per person), fuel tax, greater integration of land use and transport 

(leading to shorter distances travelled), and telecommuting. Efforts to achieve less activity 

have been undertaken, but perhaps the most relevant recent example is the carbon tax that 

has been introduced.  

It is also worth noting the effects of the recession on activity levels within transport. Given 

that unemployment now stands at 13.4% in Ireland – i.e. 9 percentage points above 2005 

levels, and 7.5 percentage points above 2008 levels – (CSO, June 2010 statistics), it is likely 

that there has been a significant reduction in activity within the road transport sector in 

terms of work-related travel. Similarly, economic activity, construction work and haulage are 

all expected to have fallen somewhat.  

 

4.4 Summary 

To summarise, this section has identified a number of selected actions and events which are 

contributing to NOX emission reductions in recent years. These are outlined and categorised 

by sector in Table 8. When combined, these measures have delivered some significant NOX 

emissions reductions. Some recent initiatives and further ambitions (also outlined in Table 

8) are discussed in detail in the following section. 
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Table 8: Summary of selected options and factors that have influenced and are expected to 

influence the NOX emissions in Ireland 

 
Power Industry Road transport 

Existing 

measure/factor 

Recession Recession Recession 

Retrofit of Moneypoint 

Cement improvements 

(e.g. SNCR, green 

cement) and activity 

reduction 

Euro standard 

penetration 

Gas – CCGT plants - - 

Consolidation of peat 

fired power plants 
- - 

Recent initiatives 

and further 

ambitions 

Shift towards 

renewables: 

15% by 2010 

33% by 2020 

IED Directive 
Carbon tax and other 

tax incentives 

Smart grid - 
Vehicle scrappage 

scheme 

Interconnection - Smart travel initiatives 

- - 
10% electric cars by 

2020 

Further potential 

options 

NOX tax NOX tax Congestion charge 

- - 
Land use and transport 

integration 

- - Partial telecommuting 

- - 
Car pooling & school 

bus schemes 
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5. Recent initiatives and further options for NOX abatement 

 

A number of recent initiatives have been introduced in the past two years to help curb NOX 

emissions. And while the full benefits of these initiatives may not be realised in time to meet 

the NOX 2010 target, they will go some way towards narrowing the gap to the ceiling as well 

as contributing towards any proposed new limit for 2020.In addition to these new initiatives, 

this section also investigates the potential of some further options, not yet formally 

considered, which could offer further stimulation of NOX emissions abatement in Ireland.  

 

5.1 Recent Initiatives 

Recent initiatives which have not already been discussed in the previous section are outlined 

here relating to the road transport sector. These initiatives are two years old at the most, thus 

their effect on 2010 emissions – though relevant – may be less significant than they will be 

on medium term emissions. These are listed as follows: 

 

• Introduction of a carbon tax on fuel 

Ireland has introduced a carbon tax on fuel which is expected to impact generally on all road 

transport emissions through reduced activity levels. The carbon tax of €15/tonne was 

announced in the 2010 Budget. The tax applies to petrol and diesel (by 4.2c a litre and 4.9c a 

litre, respectively), kerosene, marked gas oil, liquid petroleum gas (LPG), fuel oil and natural 

gas. VAT is also charged on the carbon tax. The effect of this measure on NOX emissions is 

expected to be brought about via a reduction in activity levels. 

 

• Scrappage scheme for cars 10 years old or more 

Another recent initiative taken by Ireland in a depressed car market has been the 

introduction a scrappage scheme for cars 10 years old or more. This approach has so far been 

reasonably effective at targeting the replacement of more polluting vehicles with new 

models, and is expected to yield some improvement in average fleet emissions.  
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• Electric cars supported by tax and infrastructure 

There is a government ambition in place that 10% of the passenger vehicle fleet in Ireland in 

2020 will be electric vehicles. Since the announcement of this plan last year infrastructure 

deployment has begun with the roll-out of several ‘charge points’ for vehicles. Similarly a 

number of key industry partnerships have been announced, and a €5,000 rebate and VRT 

exemption for electric vehicles has been offered starting from 2011. Thus there are clear signs 

of intent and progress in addressing emissions from the road transport sector25. Given that 

there are no operational NOX emissions associated with electric vehicles, this measure has 

the potential to reduce NOX (and other) emissions from the road transport sector. Pairing of 

this initiative with increased deployment of renewable energy for electricity generation  will 

further decarbonise the transport sector with consequent benefits for NOx and other 

emissions.. Ultimately success with regard to achieving 10% will largely depend on vehicle 

price, economic conditions, the continuation of infrastructure development, as well as strong 

advertising and marketing campaigns. 

 

5.2 Further Options 

In terms of further options there are measures which merit further research, and if 

implemented successfully could deliver greater NOX abatement. These may be divided 

roughly into measures which could be introduced quickly with somewhat immediate effects, 

and others which may take a number of years before significant effects are noticed. 

Furthermore, regarding the effects, these may be strong or weak in terms of their ability to 

deliver further NOX abatement. Thus there is a broad range of potential success with regard 

to these measures. Ideally the aim is to adopt measures that can be quickly implemented 

with strong effects, while avoiding measures that are implemented over a long time period, 

with weak effects. These key factors are illustrated in a matrix in Figure 8, and a discussion 

with examples of measures then follows. Cost is of course the element which is omitted in 

this case from the matrix, and any proposed measures should be subject to a rigorous 

evaluation of the net benefit. Such an evaluation is beyond the scope of this review.  

 

  

                                                             
25 Although the 10% target remains a particularly ambitious figure.  
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Figure 8: Matrix of implementation period and effect of measures 

 

• NOX tax 

A number of countries have introduced a NOX tax over recent years (e.g. Norway, Sweden, 

France, Spain, Italy and the USA26). For a detailed review of these systems please refer to a 

recent report by AP EnvEcon (2009) on NOX taxation. Of these various systems, the Swedish 

and Norwegian examples present an interesting take on the traditional tax measure by 

offering a refund to polluters in the presence of low energy use. This method provides an 

extra incentive to polluters to pollute less thereby benefiting from the refund available. The 

tax only applies to large combustion plants due to the costs associated with monitoring all 

plants. However, the refund mechanism acts as an incentive to prevent larger plants 

switching to smaller, less environmentally friendly plants in order to avoid the charge 

(Hőglund, 2000). 

 

Similarly, since the introduction of the NOX tax in Norway, the Norwegian employee 

organisation (NHO) and 14 of its member organisations have negotiated with the Norwegian 

authorities to reduce the tax from 15 NOK/kg NOX (€2.00) to 4 NOK/kg NOX (€0.50) for 
                                                             
26 The system in the USA is more of a trading system than a tax, per se. 
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onshore industry and the maritime sector, and 11 NOK/kg NOX (€1.40) for the offshore 

sector. By signing with the NOX fund, and reducing the payment from 15 to 4 (or 11) NOK/kg 

NOX, the members are committed to investigate the investment required to reduce NOX and 

to report back to the board of the NOX fund, who will choose the most cost effective NOX 

reduction projects. In March 2010 it was declared that the Norwegian emission obligations 

for 2007, 2008 and 2009 laid down under the Environmental Agreement on NOX have been 

met. 

 

In Ireland, approximately 36% of NOX emissions arise from the power and industry sectors 

(in 2008), with a further 46% originating from the transport sector. A NOX refund system, 

similar to the Swedish or Norwegian systems, which is applied to the industry and power 

sectors could yield a range of benefits in terms of emissions reductions and efficiency gains. 

However, some caution is required here. It has been shown earlier how the industry and 

power sectors have made some significant gains in NOX abatement in recent years in the 

absence of a NOX tax. Furthermore, this trend is expected to continue through the retrofit 

completion of the Moneypoint plant (leading to lower emission factors), the IED Directive, 

increased penetration of gas fired generation, and ambitions to reach a high renewable target 

(40% of energy use) by 2020. The value of further NOX tax regulation is likely to be 

dependent on the level of success achieved in these areas, and the comparative age and 

penetration of technology in the two sectors. 

 

• Congestion charging and modal shift27 

Congestion charging and modal shift are probably two of the most talked about measures in 

regard to transport demand management, thus they require no introduction. Congestion 

charging has been discussed throughout various media circles in Ireland over the past ten 

years, often concluding with the hope, promise, or need for an introduction in Dublin. 

Despite this, there are no plans in place as of yet, with a major constraint being the capacity, 

connectivity and quality of alternative modes of transport. The benefits of such a measure in 

the context of NOX abatement are quite simply to incur a ‘push’ towards less trips, more 

public transport and more non-motorised travel. Thereby incurring fewer emissions per 

person. However, in conjunction with this measure, further efforts should be made by public 

transport operators to encourage a greater use or ‘pull’ towards their services. These may 

                                                             
27 For more details on the national strategy for transport policy from 2009-2020 see the Smarter Travel report at 
http://www.transport.ie/transport/Sustainable/presentations.asp?lang=ENG&loc=1914  
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include increased frequency, new routes, integrated ticketing and services, lower fare costs, 

and real-time information, among others. 

 

A city cordon congestion charge around Dublin has the potential to offer rapid results in 

terms of reduced transport activity, and resulting NOX emissions in the city. Given that 

approximately 40% of the Irish population reside in the Greater Dublin Area (GDA), and that 

45% of GDA employment is concentrated in Dublin City, with approximately 25% located in 

inside the canal cordon area of the city centre (CSO, 2006). On the grounds of targeting 

transport activity reductions, there is arguably just cause to introduce a congestion charge.  

 

However, that this measure has never left the drawing board sheds some light on the 

difficulties associated with implementing such a measure, not least to mention the general 

unpopularity of new charges and criticisms regarding the lack of alternative means of 

transport. Furthermore, employment patterns in Dublin have exhibited some changes over 

the past ten years, where development has increasingly sprawled away from the city. There is 

a concern therefore that the introduction of a city congestion charge may drive business even 

further from the city (with corresponding implications for urban sprawl) thereby offering a 

further reduced impact on transport. Further research is yet required to assess how this 

measure would best be implemented in Dublin if at all.  

 

• Land use and transport planning integration 

Success of this measure in terms of reduced NOX emissions will depend on several factors. 

From a Dublin context there is the concern that current public transport services are focused 

too much on radial routes to and from the city. This is despite the fact that many origin-

destination patterns have now deviated significantly from this traditional monocentric model 

and moved toward a more polycentric version with dispersed travel patterns. Indeed the low 

density characteristics of the city, combined with these dispersed travel patterns do not lend 

themselves easily to the largely radial public transport network that exists today. There is a 

strong case, therefore, to introduce greater connectivity across orbital dispersed points of 

origin and destination. Ultimately greater coordination is required between the existing and 

planned land use developments throughout the greater Dublin area and those of the 

transport infrastructure development authorities. Determining the success of integration 

may be supported by a move towards a GIS-based system where layers of land use and 
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transport developments are overlaid and combined on top of one another to isolate and 

identify specific areas where improvement is required. Though this measure will not result in 

direct or immediate NOX emission reductions, it has potential to control or reduce NOX 

emissions from transport in the long term. 

Transport Oriented Development (TOD) and Development Oriented Transport (DOT) are 

two inter-related concepts which offer a means to achieve land use and transport integration. 

The idea is specifically in regard to the implementation of land use and transport integration 

outlined above, where high density land use developments (i.e. apartments, office blocks) are 

developed with easy access to high frequency, high capacity and rapid, public transport 

services (i.e. rail, tram, BRT). The aim is that these services facilitate the need to travel less 

by private transport and/or carry out shorter trips, thereby lowering activity in the transport 

sector. 

 

• Partial telecommuting 

In an increasingly service driven economy such as Ireland, with longer term ambitions to 

rely on the ‘Smart’ economy for economic prosperity, there is greater potential for 

telecommuting as a transport demand management initiative. Whilst full telecommuting 

may be undesirable from both an employer, employee and social perspective, partial 

telecommuting of perhaps one day per week or fortnight would incur few if any of these 

problems given the sustained balance in favour of the status quo. In deliverable-driven work 

environments the risk of reduced productivity could be relatively easily managed through 

task scheduling. 

 

Successful adoption of a well supported and coordinated national telecommuting strategy 

could deliver rapid and sustained reductions in road transport activity levels, improve 

quality of life and conserve resources. It could also offer considerable potential with respect 

to developing systems to support such work setups. The principal constraints are access to 

high quality broadband, remote access to workstations, productivity management and 

employer/employee support. In any case it seems a worthwhile venture for policymakers to 

pursue, and provided the constraints are easily overcome then this measure has the ability to 

deliver immediate and potentially large reductions in emissions.  
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• Car pooling scheme 

A car pooling scheme offers the potential for further reductions in congestion and emissions. 

This is something that has been pursued somewhat more vigorously in the US than in 

Ireland. The concept is relatively simple – where a car with two or more passengers would be 

granted access to use bus lanes. Given that most bus lanes operate along a radial network, 

the measure would primarily serve people travelling into the city for work purposes. Aside 

from reducing congestion, emissions, and journey times, users of this scheme could also 

share the parking costs amongst one another. Prior initiatives in this regard in Ireland have 

failed, and implementation checks are required to ensure the bus lanes are not degraded 

significantly in terms of level of service. Nonetheless it may warrant a second review.  

 

• School bus scheme 

It is widely recognised that traffic levels are significantly reduced during out-of-school terms. 

School buses are widely used throughout rural areas, yet their introduction in urban areas 

and cities has not been facilitated to the same extent. Nonetheless, there is potential here to 

introduce a scheme that would essentially ‘free-up’ road space during pre- and post-school 

time traffic. A number of mini-buses allocated to any one school could potentially offer 

significant reductions in traffic flow (and resulting emissions) to and from these schools. 

 

6. The Role of Capacity and Methodologies 

 

Thus far, this report has presented and examined a host of information in regard to the NOX 

ceiling challenge and described a range of measures that can contribute towards further 

abatement and environmental progress. Implicit within this work has been a reliance on a 

range of estimation and modelling methodologies that are applied to provide us with the 

evidence necessary for these evaluations. This raises an important point with respect to the 

availability of adequate national capacity to engage with the estimation, forecasting and 

modelling methodologies associated with calculating emissions and evaluating the measures 

engaged to deliver reductions.  
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In brief, a country engaged in this policy process must possess and retain adequate capacity 

in a range of disciplines in order to enable effective and informed participation. This capacity 

includes:  

 

• National inventorying  

• National forecasting of relevant economic and environmental parameters 

• National integrated modelling capacity 

• Specialist policy and measures research 

• National expertise and clarity on expected policy evolutions 

 

These requisite capacities should ideally be fully connected with clean lines of 

communication, in order to ensure accurate, consistent and timely engagement in the key 

facets of this ongoing policy process: 

 

1. Forecasting and baseline creation 

2. Modelling and target setting 

3. Ex Ante Negotiation 

4. Progress evaluation and revisions to policies 

5. Compliance testing 

6. Ex Post Negotiation 

 

In this section we will quickly highlight the existing and developing national capacities in 

Ireland and how these have been expanded and developed in recent years as part of a 

commitment to progress in this area. This will then be followed by a mention of a number of 

specific methodological areas of improvement that are planned under current research plans 

in this area. These improvements relate to the distribution of activity between abatement 

controls, the representation of existing abatement controls, and the evolution and 

penetration rates of abatement controls over time.  
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6.1 National Capacities 

The official national inventory and official national forecasts are produced by two expert 

teams within the Environmental Protection Agency of Ireland. These units combine the 

application of international best practice with the best available national data to deliver 

regular structured reports on the historical and forecast state of the environment for Ireland. 

The work of the EPA is paired with the efforts of the relevant official ministries, particularly 

‘Environment’, who would provide technical and policy support in this area. There are also a 

number of state supported bodies that are relevant in the process, for example, Teagasc, who 

coordinate extensive national research in the context of the agricultural sector, and thereby 

can offer valuable input to inventorying, modelling and forecasting.  

 

In parallel to these official capacities, there has been a well structured and needs-based 

investment in research across a broad spectrum of research areas relevant to the capacities 

and process stages outlined earlier. These include targeted research studies on abatement 

technologies and policy measures, data gathering exercises and so forth. There has also been 

the support and development of a number of relevant modelling activities. Specifically, the 

adaptation of the TIMES-MARKAL model, the development of an emissions module 

connected to the national macro-economic model, and then the ongoing development of 

national versions of the GAINS and TREMOVE models, the latter work also encompassing a 

regular and active participation in the associated international research community. 

 

This investment in capacity and the progressive coordination of greater interaction between 

the various units and analytical systems has yielded a number of benefits. The work has 

enabled critical evaluations of inputs and outputs from systems utilising varied 

methodologies. It has afforded research teams greater evidence with which to modify and 

update their systems, and it has helped to identify areas requiring further research and 

development. A selection of two categories of planned improvements over the medium-term 

are presented in the following sub-sections. These relate to activity levels and controls with 

the aim of improving the robustness of estimates in line with reporting guidelines, however, 

such improvements could also act to increase the ‘distance to target’ of NEC obligation given 

the absence of an appropriate flexibility mechanism. 
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6.2 Specific methodology  - Activity rebalancing 

A significant methodological improvement may lie within the refinement of emission 

estimation methodologies to more appropriately split national energy use across the 

available technologies. A specific example for the Irish case would be the transport sector. 

The justification for such a change can be explained as follows. 

 

In most current emission estimation methodologies for the transport, and indeed other 

sectors, emissions are a function of activity (e.g. fuel use) and an emission factor for that 

activity28. The emission factor is itself a function of a ‘raw’ emission factor, modified 

primarily to account for the abatement of the specific technology in place. Thus in its 

simplest form, emissions are calculated as: 

 

Activity * Emission Factor = Emissions 

 

For example, if we know that there are 100pj of fuel used in road transport in Ireland, that 

there are only cars on the roads, and that the NOX emission factor for cars is 1, then 

emissions are 100kt. However, the sector is not so simple. Instead we have many different 

types of vehicles and within vehicle classifications we have many different grades of 

technology related to the age of the vehicle. As a result, emission estimation is refined to 

account for variation in vehicle types and the share of a given technology in the fleet (giving 

varied emission factors). Thus emission estimation looks more like the following: 

 

Activity for Type A cars * Emission factor for car type A = Emissions for Type A cars 

Activity for Type B cars * Emission factor for car type B = Emissions for Type B cars 

 

This added detail delivers an improved estimation of emissions from the sector, but there is a 

critical assumption made in this approach which may not be immediately apparent. The 

assumption is that the activity level for a given category (e.g. car type A) is directly 

                                                             
28 In the COPERT model used for most transport inventory work, mileage is the key parameter. In this case a 
similar improvement may still be made however, as whilst mileage is varied somewhat in the current 
methodology, the absence of prior evidence means that values are estimates and often not varied by technology 
type, only vehicle type (e.g. truck, van or car).  
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proportional to the share of that technology in that part of the fleet. Fleet estimation for 

example may reveal that 40% of cars are type A (with a specific emission factor) and the 

remaining 60% of cars are type B (with a different specific emission factor). In these cases, if 

there were 100pj of activity defined for use by cars nationally, then under this approach the 

emissions for cars would be calculated on the following basis: 

 

Activity for cars type A (40pj) * Emission factor for cars type A (.5) = Emissions (20kt) 

Activity for cars type B (60pj) * Emission factor for cars type B (1) = Emissions (60kt) 

Total 80kt 

Whilst a reasonable proxy assumption, new data sources tapped by innovative research in 

Ireland is providing greater detail with regard to the actual distance travelled by vehicles 

(Kelly et al., 2009) and this work is now being refined down to the individual vehicle level. 

The significance of this work is that when combined with official data on fuel sold29 for the 

road transport sector, we can then split activity in a much more refined manner. The 

relevance of this change, as indicated by provisional research by the authors, is that newer 

vehicles will tend to drive more miles, thereby using more fuel. Thus the split of ‘activity’ 

values into ‘technologies’ can be improved. Adjusting the prior example for such a change 

illustrates how this can improve our prior emission estimation. 

 

Activity for cars type A (60pj) * Emission factor for car type A (.5) = Emissions (30kt) 

Activity for cars type B (40pj) * Emission factor for car type B (1) = Emissions (40kt) 

Total 70kt 

 

As part of an ongoing capacity scale modelling project in Ireland, this methodological 

improvement will be researched in more detail, tested and then presented internationally. 

Provisional results based on activity rebalancing for the private car component of road 

transport, shows a reduction of emissions of 14% or 2kt of NOX30.  

 

                                                             
29 We acknowledge the potential for a distinction between fuel sold and used, and the methodology can be applied 
to either value.  
30 This despite the fact that some diesel passenger car Euro standards are now shown to not only fail to reduce 
NOX emissions (i.e. zero removal efficiency), but in fact add to NOX emissions.  
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However, there is yet considerable work to be done before this approach can be proposed for 

adoption nationally. This is because at present the improvements relate only to the private 

car sector. Thus evidence-based improvements cannot yet be made for trucks, buses and 

vans. Furthermore, there is related work in regard to updating the evidence on fleet 

efficiency, fuel tourism and other related modelling parameters. In order to update the 

official national systems the proposed approach must be: 

 

• Comprehensive in scale 

• Coherent and balanced 

• Manageable and repeatable 

A staged plan has been devised to address these tasks under further research in the area and 

to eventually move toward a higher tier approach in this case.  

 

6.3 Specific Methodology - Control strategy updating 

Control strategies – as indicated in section 6.2 – are an important factor in the emission 

calculation function. In inventory, forecasting and modelling work, the type and penetration 

rate of control strategies are core components in determining outcomes. Control strategies 

are also however, one of the less well understood components of the forecasting process.  

Whilst official energy and animal number projections may be developed, there is 

comparatively little by way of detailed official projections regarding the expected deployment 

and penetration rates of abatement technologies.  

 

We short list three headings under which NOX control strategies will be improved to support 

modelling and forecasting work. These are – domestic and commercial controls, road 

transport controls, agricultural and construction machinery controls.  

 

Domestic and Commercial Controls 

Assumptions for the domestic and commercial sector controls remain on the tier 1 standard 

as studies have yet to accurately assess the level and standard of boilers and so forth within 

this sector. The move towards a tier 2 standard requires increased evidence and surveys of 

the current stock and reasonable estimations of new deployment. There are surveys and 
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other sources (e.g. grant records) to be exploited to assist in creating a more detailed picture 

of controls in this sector.  

 

Road Transport Controls 

Inventory road transport controls are derived from the annual national vehicle bulletin 

document that offers strong evidence of the structure of the ‘on road’ fleet in a given year. 

One particular area to review in this context may be the definition and vehicle weight 

methodology used to distinguish light duty trucks from cars and heavy duty vehicles. The 

questions principally relates to decisions on gross vehicle weight and unladen weight. This 

has been discussed in a separate brief and is not developed further in this report.  

 

However, whilst fleet in a given year may be comparatively simple to estimate, forecast 

controls for road transport are based upon a methodology which is governed principally by 

national energy forecasting work. This can lead to a mismatch between actual fleet 

developments and fleet forecasting work. It is proposed that a modified version of the 

TREMOVE model will be used to provide an alternative source of fleet forecasts. TREMOVE 

incorporates greater integrated analytical depth which includes the impacts of the current 

economic climate on the car ownership rate and the structure of vehicle stock, the impact of 

changes in taxation (i.e. new VRT rates), vehicle cost, and fuel cost over time, and the 

scrappage rate of vehicles. Adoption or even contrasting of various road transport control 

forecasting methodologies should be beneficial for future work in this area.  

 

Agricultural and Construction Machinery Controls 

NOX emissions from agricultural and construction machinery are presently estimated using 

tier 1 emission factors due to the lack of a detailed record of the age and type of these fleets, 

their activity rates and the associated technology standards. The default approach assumes 

no control over these machines and uses a standard emission factor. However, there is 

documented evidence of strong sales in agricultural machinery over the past decade and 

therefore it is reasonable to assume that the machinery in use will include a good proportion 

of newer emission controlled machines – particularly when considering the prevalence of 

hiring contractors using modern machinery for specific tasks in the farming sector. The 

counter point is that the additional detail may include higher emission factors for larger 

machinery. However, the authors speculate that the broader accounting of new technologies 
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throughout the fleet will be the more influential change. Regardless of the outcome, there is 

scope to analyse and develop the fleet turnover within the agricultural sector (i.e. tractors, 

harvesters, and other machinery) and to survey levels of usage.  

 

Developing the fleet turnover will require assumptions regarding the lifecycles for various 

tractors, and then modifying the fleet to assume a progressive renewal of stock. Lifecycles 

might vary by tractor size or price, for example. Table 9 shows how the age of the tractor fleet 

has been evolving since 2000. Assuming each of these vehicles are still in operation today 

then the stock of vehicles that are 0 – 10 years old is probably in excess of 50% by 2010, with 

the remainder in excess of 10 years old. With different CAGE31 standards attached to each of 

these vehicles, there is an insight provided on the technological abatement potential for NOX 

(and other) emissions from agricultural vehicles. Thus with further work on the likely fleet 

turnover, emissions estimates could be more refined over time. 

 

Table 9: Total tractor numbers and tractors licensed for the first time, 2000 – 2008 

 
Total agricultural 

tractors 
Tractors licensed 
for the first time 

Percentage of 
new tractors 

Share of tractors 
licensed since 

2000 
2000 67,717 2,816 4.2% 4.2% 

2001 67,331 2,681 4.0% 8.2% 

2002 66,080 2,868 4.3% 12.7% 

2003 67,688 2,970 4.4% 16.7% 

2004 67,479 2,881 4.3% 21.1% 

2005 66,669 3,168 4.8% 26.1% 

2006 68,137 3,687 5.4% 30.9% 

2007 69,278 4,442 6.4% 36.8% 

2008 68,988 4,154 6.0% 43.0% 

Source: Irish Bulletin of Vehicle and Driver Statistics, 2000-2008 

 

However, once again further work is required under this heading before it could be formally 

adopted for use in official national work. The main constraint being evidence of the hours of 

use for machinery of different sizes. Once again further work is planned to make these 

                                                             
31 CAGE refers to the emission standard applied to Construction and Agricultural vehicles 
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improvements in future research so as to refine the representation of this important source 

sub sector.  

 

7. The Role of Adaptive Policy Mechanisms 

 

There is no methodology or model that can guarantee accuracy in regard to historical, 

current or forecast emissions. The transboundary air pollution policy process is dealing with 

complex systems on an appropriately aggregate scale, and absolute certainty cannot be 

reasonably expected. Instead the approach is to build common methodological frameworks 

which provide a pivotal point from which negotiations and decisions can be made, and a 

process by which progress can be measured. For example the work of the RAINS model in 

the setting of the National Emissions Ceiling Directive and the subsequent national 

submissions of emission inventories.  

 

These frameworks (e.g. the RAINS methodology and the Corinair guidebook) are developed 

based on best available evidence at the time. However, research can alter this evidence base 

and many things can change over time. The relevance and role of flexibilities in the process 

are now increasingly well discussed and understood by those engaged in decision making32. 

Here we highlight the importance of flexibility by restating six principal reasons as to why 

such mechanisms are necessary in this form of environmental regulation.  

 

• Scenarios are illustrative. They are not predictions. Related to this, modelled 

sensitivities do not actually incorporate any flexibility into the process. Thus neither 

of these aspects of the ceiling setting process address the potential for unforeseen 

events to influence the expected outcomes. Contemporary evidence highlights the 

potential for the unexpected across a range of issues – e.g. economic crisis, ash 

clouds, further EURO standard issues and so forth.  

 

• To proceed without flexibility is to place undue confidence in long range forecasting 

and assumptions. This approach may limit support and restrict new participants. 
                                                             
32 For further discussion of this topic see Kelly and IMP Ireland team, 2009, Kelly et al., 2010, Kelly and 
Vollebergh, 2010. 
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Specifically, this may dissuade engagement from developing economies where – in 

the case of the Gothenburg Protocol – ratifications could offer significant and cost-

effective benefits. 

 

• Related to this point, recently joined EU member states, and bordering countries, 

including EECCA, that are relevant to the transboundary pollution problem may lack 

capacity and expertise for the technical engagement in setting new ceilings (indeed 

many established countries may face this challenge as discussed in section 6). This 

highlights the importance of capacity, but also indicates a potential source of 

additional uncertainty for the future.  

 

• Technical solutions may not offer sufficient scope for future abatement plans, this is 

almost certainly the case in the context of greenhouse gases. Thus abatement 

strategies may increasingly turn toward the use of ‘non-technical’ or behavioural 

measures. Such measures will introduce an added degree of uncertainty, such as 

temporal and spatial variability of measure effects.  

 

• Introducing flexibility is likely to reduce the information asymmetry between 

regulators and firms, in particular the lack of knowledge of firm specific options to 

reduce emissions at low cost (compare evidence in US SO2 emissions trading 

program).  

 

• Environmental policy, as any other area of public policy, must be governed by 

principals of cost-effectiveness. Actions have opportunity costs and broader policy 

should always seek effective and rational allocations of resources. Where the future 

differs from the modelled projections, the burden of cost may rise, and the benefit 

may fall. Flexible mechanisms can provide a means of appropriate response.  
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8. Concluding Thoughts 

 

There are a number of identified strands contributing to the root cause of the particularly 

demanding challenge posed by the current 2010 NOX ceiling. Chief among these however, 

has been the sustained failures of a series of critical technical abatement options for the 

transport sector in delivering comparable test and on-road emission control performance. 

This failure has withdrawn a significant share of the technical abatement potential for the 

most significant source sector for NOX.  

 

In an Irish context, the challenge has been exacerbated due to an unforeseen combination of 

events which have added weight to the impact of this Euro standard problem. Specifically:  

 

1. An unforeseen surge in economic activity and associated transport well above the 

levels forecast at the time of the original emission ceilings formation. Channelling 

more energy into a problem sector for NOX. 

 

2. A strong fleet turnover that has delivered high levels of technology penetration for 

standards which are now in some cases modelled as NOX emission contributors.  

 

In regard to the former point, this underestimation may now be somewhat countered by the 

recent collapse in economic activity associated with the global economic crisis begun in 

2008. Emerging evidence suggests that this collapse has had a pronounced effect upon 

emissions of NOX, particularly from the construction and transport sectors.  

 

However, it is also noted in this report, and important to recognise, the actual abatement 

measures and policies that have been implemented and managed over the last two years in 

Ireland in support of further abatement and progress. These include the NERP, carbon tax, 

abatement technologies in the cement industry, ‘smarter travel’ transport initiatives, a major 

technology abatement investment in the power sector, and ambitious efforts to increase 

renewable penetration and electric cars. Combined these measures and the slow down in 

economic activity may bring NOX emissions in 2009 to a level of approximately 90kt. With 



47 | P a g e  
 

further falls still being experienced in 2010, and some further abatement measures and 

policy effects due to come into force, it is feasible that the 2010 inventory (for the compliance 

phase) could report emissions in the region of 80kt.  

 

At this level, the balance of surplus emissions beyond the ceiling would be 15kt – marginally 

less than the estimated level of emissions to be attributable to the Euro standard failures 

alone33. Therefore we could conclude that compliance may have been achieved had all 

technologies been delivered as expected. However, whilst this may explain the current 

situation, the broader issues remain to be addressed. This report identifies just one example 

of how problems can develop and persist in the process. Whilst the outcome may yet ‘balance 

out’ – there needs to be a more formal approach to managing such issues in the future.  

 

This report reiterates the necessity for well developed national capacities which offer the 

expertise and persistent engagement that is necessary for effective management of this 

complex area of policy. An area where Ireland has now made considerable progress. 

Furthermore, the report would strongly recommend that given the scale, complexity and 

time horizons involved in transboundary air pollution policy, appropriate and well balanced 

flexible mechanisms (see references for recent related reports by Kelly et al.) are essential for 

the effective expansion and continuance of such agreements into the future 

 

  

                                                             
33 Based upon the GAINS methodology calculations, COPERT assessments for inventory may be 
expected to deliver alternative values due to methodological and aggregation variation.  
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