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1 INTRODUCTION 

This report outlines the comparative assessment of options in relation to climate for the six options for the 
Celbridge to Hazelhatch Link Road. Specifically, this section evaluates the potential carbon emissions 
associated with the construction, operation and decommissioning of each of the options under consideration. 

This assessment will form part of a Phase 2 – Option Selection Report which is a deliverable under Phase 2 
– Options Selection of the TII PMG 2019. The purpose of the Option Selection Report is to present the 
project constraints and the assessments that were undertaken in order to identify the Preferred Option for 
the project. 

1.1 Guidance 

This analysis was undertaken by means of a desktop assessment based on the following guidance and 
information sources: 

• National Roads Authority (NRA)/Transport Infrastructure Ireland (TII) “Guidance for the Treatment of Air 
Quality during Planning and Construction of National Road Projects” (May 2011); 

• Transport Infrastructure Ireland “Project Appraisal Guidelines for National Roads Unit 7.0 - Multi Criteria 
Analysis” (2016); and 

• Transport Infrastructure Ireland “Carbon Tool for Road and Light Rail Projects” (2020). 

1.2 Project Appraisal Guidelines Requirements 

The TII “Project Appraisal Guidelines for National Roads Unit 7.0 - Multi Criteria Analysis” (PAG) includes the 
assessment of climate under the overall heading of air quality as follows: 

• The impact on climate is measured through a number of quantitative statements relating to the amount 
of carbon dioxide (CO2) likely to be produced for both the “Do Minimum” and “Do Something” scenarios.   

Given the increased focus on climate impacts in national environmental policy, for this option assessment 
climate has been assessed as a separate stand-alone topic. In particular, Objective 10.2 of the Climate 
Action Plan sets out the commitment for the following in the transport sector: 

“To meet the required level of emissions reduction, by 2030 we will reduce CO2 eq. emissions from the sector 
by 45–50% relative to 2030 pre-NDP projections.” 

This analysis seeks to quantify the lifecycle emissions of each route option to identify the impact of each 
option to determine which option has the greatest capacity to achieve the above target. 

1.3 Assessment Criteria 

The Stage 2 Appraisal Process was carried out using the full range of sub criteria recommended in PAG unit 
7.0, and with regard to the objectives of the scheme, so as to take account of all the predicted impacts of 
each option or alternative. In many cases there is a strong overlap between the objectives of the scheme 
and one or more of the PAG sub criteria. 

All appraisal criteria use a standard scale. Each impact is scored on a scale of 1 (major or highly negative 
impact) to 7 (major or highly positive impact). A score of 4 represents a neutral or not significant impact.  
Each impact is scored as per the system presented in Table 1-1. 

Table 1-1: Project Appraisal Guidelines Scoring 

Score PAG Score 

7 Major or highly positive 

6 Moderately positive 

5 Minor or slightly positive 

4 Not significant or neutral 
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3 Minor or slightly negative 

2 Moderately negative 

1 Major or highly negative 

All scores refer to impacts measured relative to the Do-Nothing option. The Do-Nothing option represents the 
retention of the existing road network without improvement. This option comprises the existing road network 
infrastructure in the study area and this networks ability to meet future demands for traffic and road safety 
without any upgrade or junction improvement works, other than routine maintenance. The Do-Nothing option 
would therefore by definition be scored as Neutral (relative to itself) under all sub criteria. 

PAG 7.0 notes that simply adding up the scores of the different sub-criteria gives an indication of the overall 
performance of each option under a given criterion, but this is not to be used in a mechanistic way as a 
decision process. The performance of each option in meeting the scheme objectives was then considered to 
be one of the criteria presented in Error! Not a valid bookmark self-reference. 

Table 1-2: Qualitative Scoring 

Score PAG Score 

Preferred The choice which most fully meets the project objectives. 

Good Where project objectives are met notably better than with the intermediate choices but notably 
not as well as with the best choice. 

Intermediate Where project objectives are met considerably less well than with the best choice but 
considerably better than with the worst choice. 

Poor Where project objectives are met notably less well than with the intermediate choices but 
notably not as well as with the best option. 

Least Preferred The choice which does least to achieve the project objectives. 

Having regard to the full range of impacts assessed in each case. This is a high level of ranking of the 
options or alternatives. The scoring process allows for options or alternatives to be identified as being 
“Good”, falling between “Intermediate” and “Preferred”, or as “Poor”, falling between “Least Preferred” and 
“Intermediate”. 

For some options there will be very little between their impact scores and some may even have the same 
impact scores. In such circumstances, the author has applied expert judgement and evaluated each option 
comparatively against the other options, taking into account the quantitative and qualitative assessments. 
This has allowed the author to determine a preference for each option. In some instances, similar options 
may have the same preference.  
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2 EXISTING ENVIRONMENT 

2.1 TII Carbon Tool 

The TII Carbon Tool (version 2.1) has been used to estimate the global warming potential of each of the six 
options. Global warming potential is a measure of the greenhouse gas emissions associated with each 
option scenario and the potential atmospheric warming associated with those emissions. Several different 
greenhouse gases are known to contribute to global warming (e.g. carbon dioxide, methane, nitrous oxide, 
water vapour), but for the purposes of comparison, the TII Carbon Tool normalises input data to produce a 
single output metric that is used for reporting equivalent kilogrammes of carbon dioxide (henceforth kgCO2e).  

Data is collected and added to the Tool to determine the potential carbon footprint of each option and also, to 
breakdown where the most significant emissions are being generated, i.e. ‘carbon hotspots’. At this stage of 
the option selection process, some data are not yet available, so assumptions have been made where 
necessary. These assumptions are noted in Section 2.2. 

The TII Carbon Tool aligns with the project phases outlined in TII’s project management guidelines (PMGs). 
As such, this assessment is based on Phase 2: Option Selection (specifically Options Appraisal). In terms of 
reporting, the Tool aggregates results as per guidance in PAS 2080 (leading guidance document on 
managing infrastructure carbon in the UK).  

PAS 2080 suggests a modular structure when reporting results and this modular structure forms the basis of 
the TII Carbon Tool. Results are aggregated by life cycle stages, such as ‘Before Use’, ‘Use’ and 
‘Decommissioning’. The life cycle stages have sub-categories (or modules) that are more specific to certain 
activities during the project’s life cycle which may generate carbon emissions (e.g. embodied carbon of road 
building materials, transport emissions and vehicular emissions during the Use stage of the road). Table 2-1 
is an example of how data are aggregated in the Tool. 

Table 2-1: Sample Results Template from TII’s Carbon Tool 

 

2.2 Assumptions 

The following assumptions are made in the Tool where specific data are unavailable: 

• The design life of the scheme is assumed to be 120-years. This is used to inform maintenance 
schedules and frequency of material replacement, refurbishment, etc. 

• Annual average daily traffic (AADT) figure for the 2019 ‘Do-Nothing’ scenario is assumed to be 5,100 
which provides a baseline to which modelled traffic figures for each option can be compared. 

• Rate of traffic increase per year estimated by subtracting AADT 2019 (5,100) from AADT 2040 Horizon 
Year (8,415), which is 3,315. This represents an increase of 65% over the 21 year period (2019-2040), 
which is an average increase of approximately 3% per year. 

• A high-level assumption of land-take area for Options A, A1, B, C, C-E and E has been made by 
multiplying the option length by 15 metres (m) (estimated cross section of a Type 2 single carriageway 
with all associated separation distances, verges and cycle tracks). These areas are used for calculating 
site clearance and land use change. The estimated, average width of the various roads on the existing 
network (including verges, etc.) is 10 m, which is used to calculate site clearance and demolition for 
online sections of each option. 
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• Apart from site clearance of existing infrastructure (i.e. online sections of the existing road), all other site 
clearance is assumed to be carried out on land principally occupied by agriculture (as per CORINE 
2018 landcover mapping). 

• In calculating product stage (materials) emissions, road pavement area is calculated by multiplying each 
option length by 9 m (the assumed road width of a Type 2 single carriageway (2 x 3.5 m lanes) and a 
2.0 m cycle track). Surface treatment/dressing is based off an assumed width of 9 m (2 x 3.5 m lanes 
plus 2 m cycle track). This assessment assumes that the cycle track will be an asphalt surface and 
maintained according to the same schedules as the road surface. The road building materials are 
assumed to be sourced within 50 km of the scheme area and transported to site via HGV. 

• The assumed road pavement layers are based off a typical composite pavement design. The base layer 
is assumed to be generic cement bound granular material (CBGM), the binder course layer is dense 
asphalt concrete (AC) 14 mm nominal size and 40 mm depth, and the surface course is a generic 
bituminous surface dressing. The same pavement layer structure is assumed for all options in this 
assessment. 

• Earthworks volumes for each option are based on Table 7-11 in the Stage 1 Preliminary Options 
Assessment report. The total cut volumes are used in each scenario, which represent total excavation. 
Type of excavation (for all options) is assumed as ‘general – other’ at this stage, as the specific subsoil 
conditions are not known. These volumes are captured in the Before Use Construction section of the 
tool. The cut/fill balance figures for each option, also taken from Table 7-11, are captured in Before Use 
Embodied Carbon impacts section of the tool. These volumes represent the amount fill that is required 
to be imported onto site. For Option C-E, an earthworks schedule has not yet been produced. 
Therefore, given that it is a hybrid of Option C and Option E, the average cut and cut/fill balance figures 
of the two options are used (8,330 and 48,233 m3 respectively). At this stage of the project, all imported 
material is assumed to be generic (no specific type) and transported over a distance of 50 km via 
articulated HGV. 

• Construction activities emissions have been estimated on the basis of a very large construction cost (> 
€10 million) and a 52-week project duration (construction time) for each option. 

• Waste incurred during construction is estimated on the basis of industry-average assumptions for very 
large (> €10 million) projects, as included in the TII Tool. 

• TUBA output is calculated on the basis of a Do Minimum versus Do Something scenario for each 
option. The number of years modelled in TUBA for each option is 30-years. 

• No estimate for decommissioning of the asset is made due to lack of information at this stage of the 
project. 



OPTION SELECTION REPORT – VOLUME F APPENDIX F5 

MDT0902-RPS-00-XX-RP-Z-0018  |  Climate |  A1.C01  |  9 December 2022 

rpsgroup.com Page 5 

3 OPTION SELECTION 

3.1 Results 

Results from modelling carried out in the TII Carbon Tool are detailed in this section. These results have 
been generated from a mixture of preliminary design data, and where no data are available, the assumptions 
listed in Section 2.2. 

The graphs below offer a snapshot of the results from the modelling exercise. The Tool is used to aggregate 
results that either include or exclude vehicle use of the finished asset. As evident from Figure 3-1, all options 
are relatively close in terms of carbon footprint. This is due to similar assumptions with regard to the 
construction process, materials, waste and transport distances and this early stage of the project.  

Figure 3-2 includes the impact of vehicle use on the total amounts of carbon emissions. The inclusion of 
vehicle use does not result in any significant difference in carbon emissions between each option. The 
estimated carbon footprint of vehicle use for each option was calculated in TUBA traffic modelling software 
and included in the relevant part of the Tool (as per TII Guidance). The results of the modelling are further 
discussed in the following sections. 

 

Figure 3-1: Total Carbon Footprint of each Option Excluding Vehicle Use 

 

 

Figure 3-2: Total Carbon Footprint of each Option Including Vehicle Use 
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3.2 Discussion 

Table 3-1 shows the total carbon emissions of each option by life cycle stage and this data is graphically 
presented in Figure 3.3. All of the options are very similar with regard to overall climate impacts. None of the 
options present significant advantages or disadvantages over one another. Each of the options are 
discussed in further detail below. 

The options with the highest carbon footprints are Options C and E. Both options are virtually identical in 
length, and this is reflected in the carbon footprint of the ‘Before Use’ activities. Both options are very similar 
with regard to land use change, embodied carbon of materials, and construction activities. The same is 
evident in the impact of vehicles using the infrastructure. Overall, there are no distinguishable features 
between Options C and E to indicate a preference from a climate perspective. 

Options B and C-E both have the second highest carbon footprint of the options proposed. Option C-E 
follows a marginally shorter alignment (1.93 km versus 2.18 km for Option B), which explains the slightly 
lower impacts from a land use change and embodied carbon perspective. However, Option B has a lower 
impact in terms of construction activities due to lower volumes of excavation required. Both options have 
similar emissions from vehicle use of the finished asset.  

Option A1 also has a higher carbon footprint. Even though this option has the highest impacts from pre-
construction (i.e. site clearance and land use change) and embodied carbon of materials, this is offset by 
relatively lower construction activities emissions and most notably, lesser impacts from vehicles using the 
asset during the Use stage.  

Option A has the lowest carbon footprint of all options. Although it is virtually the same length as Option A1 
(2.95 km versus 2.94 km for Option A1), it has a slightly lower requirement for materials (see Figure 3-3) and 
site clearance activities. However, the main carbon savings for Option A come from the vehicle use phase. 
The cumulative vehicle emissions associated with Option A over the 21-year modelling period are 
15,800,870 kgCO2e lower than the Do-Nothing scenario. This represents a 5% improvement over the next 
option (Option A1 at 15,002,970 kgCO2e). 
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Table 3-1: Option Comparison by Total Carbon Emissions (kgCO2e) 

Option Before Use (kgCO2e) Use (kgCO2e) Total (kgCO2e) 

Pre-Construction Embodied 
Carbon 

Construction 
Activities 

Construction Waste Vehicles using the 
infrastructure1 

Option A 1,934 948,516 187,420 184,960,000 (15,800,970)                       170,296,901  

Option A1 1,944 1,007,347 188,304 184,960,000 (15,002,970)                       171,154,625  

Option B 1,437 729,341 188,538 184,960,000 (13,946,970)                       171,932,345  

Option C 1,387 672,107 190,029 184,960,000 (12,927,970)                       172,895,554  

Option C-E 1,331 615,258 190,398 184,960,000 (14,033,970)                       171,733,017  

Option E 1,397 651,474 190,767 184,960,000 (12,922,970)                       172,880,669  

 

Figure 3-3: Option Comparison by Embodied Carbon of Materials (kgCO2e) 

 

1 Note that ‘vehicles using the infrastructure’ is a negative number and is subtracted from the overall figures in the table. This is due to each option showing a reduction in emissions compared to the 

Do Nothing scenario in the traffic model. 
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4 OPTION SUMMARY 

Table 4-1 summarises the findings of the TII Carbon Tool and outlines the impact scores and preference of 
each option. Given the high amount of energy and resources required in the construction of any large 
infrastructure asset, such as this road scheme, all options are determined to have a moderately negative 
impact. This impact level is applied to all routes relative to the Do-Nothing scenario (utilising the existing 
asset with no works). 

All carbon footprints show a similar carbon footprint with a small difference between the preferred and least 
preferred options (of the order of 2% difference). For this reason, there is limited difference between the 
routes on a climate basis and no clear preferred or least preferred options.   

Nevertheless, preference rankings have been assigned to each option, given the differences outlined in 
Section 3.2. Option A is considered “Good” given that this option has the lowest overall carbon footprint and 
offers a saving of 2% (2,598,653 kgCO2e) over the least performing option (Option C). However, given the 
relatively insignificant carbon savings, any one of the options could be chosen from a climate perspective. All 
other options are classed as “Intermediate” in terms of climate, given that these will all generate significant 
carbon emissions during the construction phase, relative to the Do-Nothing scenario.  

It is also worth noting that each option performs better than the Do-Nothing scenario for vehicle emissions 
during the ‘Use’ phase. These savings offset some of the emissions generated during the construction stage 
of the project. 

Table 4-1: Climate Impact Score Matrix 

Option Potential for Impact Impact 
Level 

Impact 
Score 

Preference 

Option A • Lowest impacts from vehicles using the infrastructure, 
which offsets the higher impacts of this Option in the Pre-
Construction, Embodied Carbon and Construction phases. 

• Option with the lowest overall carbon footprint. 

Moderately 
Negative 

2 Good 

Option A1 • Second in preference behind Option A. 

• This Option has slightly higher Pre-Construction and 
Embodied Carbon impacts. 

• Fewer savings arising from vehicle use of the finished 
asset. 

Moderately 
Negative 

2 Intermediate 

Option B • Options B and C-E are very similar across all phases. 

• Both sit between preferred and least preferred options. 

• No clear preference between these options. 

Moderately 
Negative 

2 Intermediate 

Option C • Options C and E are the least performing options. 

• Very similar across all phases. 

• No clear preference between these options. 

Moderately 
Negative 

2 Intermediate 

Option C-E • Options B and C-E are very similar across all phases. 

• Both sit between preferred and least preferred options. 

• No clear preference between these options. 

Moderately 
Negative 

2 Intermediate 

Option E • Options C and E are the least performing options. 

• Very similar across all phases. 

• No clear preference between these options. 

Moderately 
Negative 

2 Intermediate 

 


