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EXECUTIVE SUMMARY 

This deliverable assesses the cost and benefits of the emission control technology introduced within the EU 

funded CleanER-D project to comply with Directive 2004/26/EC Stage-IIIB.  The impact on the European railway 

industry of the reduction in rail diesel engine emissions has been reviewed. Two prerequisites have been 

considered in this assessment within the Sustainability sub-project (SP5) deliverables (D5.1 and D5.2.1) issued in 

the first period.   This report attempts to calculate the cost and benefit of the emission reduction technologies 

introduced by the consortium partners to achieve the required emission levels called by stage IIIB of the directive.  

The review has mainly considered the operational sub-project SP1 and its main contributors SP2, SP3 and SP4 

for railcars, heavy-haul locos and light-weight locos, respectively. As this deliverable represents an interim report 

of the cost-benefit assessment of what has been achieved so far in the project, the focus was mainly on the 

operative parts of the project.  The activities carried out at “Emerging Technologies” by subproject SP6 and 

“Innovation and hybrid” activities covered by subproject SP7 are not considered in this version of the report as, 

according to the project timing, they are not ready to be assessed.  SP6 and SP7 will be fully considered at the 

next revision of this report when the final version of this deliverable is written and issued in month 42. 

This assessment report attempts to quantify the cost of introducing the emission reduction technologies to the rail 

diesels by incorporating and comparing both “bottom up” and “top down” approaches.  The analysis considers the 

actual engineering activities and technical options employed by engine manufacturers and compare the European 

emission inventory database with published external costs. The benefits of changes to societal well-being that 

result from the introducing of the directive are to be included in the equation.  

A Through-Life-Cost (TLC) was called for in the technical annex, to be carried out for the introduction of stage 

IIIB.  This activity has been integrated with SP1.5 part of the project, where Life-Cycle-Cost (LCC) software tools 

will be developed for the whole project, which is not ready to be used with this deliverable at this stage.  A 

simplified LCC tool has been developed and used within this deliverable to calculate running costs of current 

engine builds (with IIIA or UIC-II) and to compare these costs with the future engine builds to stage IIIB, together 

with any after-treatment related variable costs. 

The scenarios considered have been developed by the SP5.1 team, with very active contribution from engine 

builders, rail operators and rail vehicle manufacturers, and it has been shown that a positive net benefit will be 
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gained from such reductions in emission from the rail diesel industry.  The benefits are calculated from the effect 

of reducing emission on the health and well being of EU inhabitants. The benefits simply equate to the external 

cost of NOx and PM emission that have been reduced due to the introduction of stage IIIB pollutants. The benefit 

for the society will be realised as saving by EU health authorities. On the other hand, the introduction of stage IIIB 

will incur cost of changing the old engine with new ones, which are more expensive to purchase and also require 

more running costs through their service life.  These costs have been worked out by this deliverable by 

comparing initial and LCC costs of replacing older (mainly UICII) engines with new (IIIA and IIIB) engines. These 

costs will be beared by the railway operators and then - depending on the respective railway's decision - 

potentially passed on to the end users of the railway.  This may make the railway industry less competitive due to 

the introduction of greener engines and needs to be considered by EU legislator for making some incentive to 

keep the new and clean railway sector still competitive.  As health authorities or governments are gaining some 

benefits due to the reduced cost of dealing with health issues related to diesel pollution, an incentive to ease the 

burden on the railway industry would be rather appropriate.  

The influence of the locomotive fleet variation (phasing out) has made the most significant contribution on the 

benefit gained due to the significant reduction in the emission. The benefit of the emission reduction from phasing 

out locomotives year by year till 2020 and with replacement certain numbers with stage IIIA and IIIB engine The 

gross benefits are shown as averaged across all EU27 countries due to replacement and reduction in the fleet 

which have shown to grow from a minimum €700M in 2020 to around average of €1000M in 2030  

The specific cost-benefit for introducing emission reduction as per IIIA and IIIB stages has shown a positive trend. 

The cost (based on current low prices) grows gradually to €70M in 2020 to €160 in 2030.  However for the high 

cost basis of fuel prices and high inflation index, the trend  show a negative gain as the cost exceed the benefit by 

substantial amount. The benefit of emission reduction is mainly coming from the reduction of locomotive in 

service.  The cost can exceed the benefit if the price of fuel increased in line with the international prediction of 

international crude oil prices. The diesel rail is making huge contribution of the emission inventory development 

due to the reduction of the fleet, which is positive gain in benefit without costs.  The rail diesel industry should be 

treated with care, as stage IIIB can impose heavy cost burden on the rail operator, which will be passed on to the 

end users as individual or corporate.  The emission reduction can make the diesel rail uncompetitive if further 
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emission reduction lower than IIIB will be imposed on the industry in addition to the expected increase in fuel 

prices and inflation index.    
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1.  INTRODUCTION 

The purpose of conducting a cost-benefit analysis in the CleanER-D project is to quantify the merit of introducing 

the environmental regulations (Stage IIIB of EU Directive 2004/26/EC) which are proposed for emission control 

from diesel exhaust gases in railway applications. The analysis will also create a framework for comparing 

alternative scenarios for the future of the diesel rail business and its users.  Environmental activists are quite 

dismissive of the role of cost-benefit analysis in consideration of emissions, as they advocate the notion of a 

“price for priceless” benefit to society and this group would lobby for low emission regulations at any cost.  

However, a more prudent approach to the problem is to make a realistic assessment of the impact of the new 

rules on the economy, since this will provide a logical approach, based on a realistic technical foundation, when 

making new environmental regulations for diesel exhaust emissions.  This report attempts to analyze the 

economic aspects of the technical options introduced by the CleanER-D partners to control the emissions in 

diesel exhaust gases to the standard proposed by stage IIIB.  The assessment will also consider the data 

available in the public domain in the EU zone and in the USA, for comparison and validation with previous trend. 

Most activities associated with public policy evaluation use the concept of cost-benefit analysis and, lately, this 

been attracting the interest of public.  This is due to sensitivity of the public and the law makers to any 

environmental issues.  The cost-benefit analysis adopted in this project has been challenged in its attempts to 

quantify and amortize the costs and benefits due to the commercial sensitivity of the data required from the 

partners of the consortium. This subproject has made every attempt to strike a balance between getting 

commercial data from realistic and reliable sources and taking a cautious approach to protect CleanER-D 

partners’ commercial confidentiality. 

Cost-benefit analysis is expected to provide significant information to policymakers on the impacts of the 

introduction and implementation of environmental regulations by offering a clear financial assessment based on 

rigorous economic efficiency. The principle of cost-benefit analysis may therefore appear to be simple but its 

analytical framework often faces serious theoretical and methodological concerns.  It is often pointed out that the 

inputs to cost-benefit analysis can be extremely complex and difficult to estimate.  
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CleanER-D is required to perform a number of analyses of the new regulations of stage IIIB.  These analyses 

span a range of policy concerns to explore all the issues and the potential for impacts on the diesel rail business, 

end users and industry stakeholders and on the public at large.  In order to carry out cost benefit assessments 

relating to the introduction of Stage IIIB engines into rail service, the technical options need to be identified, 

together with their effectiveness in reducing emissions.  Inputs from SP1, SP2, SP3, SP4, SP6 and SP7 have 

been reviewed when compiling the D5.2.1 report in order to develop an integrated technical and economic review 

of emission reduction strategies and options used to achieve stage IIIB requirements.  

It is worth noting that, by reviewing the literature survey, the general consensus of studies and reviews conducted 

pre 2010 was making some concern about the availability of engines with IIIB emission compliance for the diesel 

rail industry.  In fact, the CleanER-D project has demonstrated that the three engines considered by the 

consortium have already achieved the emission standard of stage IIIB on their development laboratory test-beds 

and that they are to be installed for field trial shortly, to assess the real issues when combined in an integrated 

system.   

This study will consider the available engine data that can be shared by CleanER-D partners.  The data available 

from public domain assessment and study were also employed to complement the project local data and this 

approach has provided an alternative method of obtaining a realistic view of the current emission status. 

The CleanER-D project has thus had a successful outcome to date in achieving Stage IIIB emission levels and 

this assessment has shown that there is a positive benefit to be gained from introducing Stage IIIB to the rail 

industry.  However, it is essential to determine and maintain the optimum position for both environmental and 

commercial outcomes.  Within SP5, an up-to-date survey has been conducted to provide fresh evidence of 

current and future data of European rail operators, by which several realistic scenarios have been extracted and 

used in predicting the cost-benefit analysis to 2020 and beyond.  
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2. CLEANER-D SURVEY 

 

An up to date survey has been conducted by CleanER-D within SP5 activities of WP5.1. The study is detailed in 

Report “CLD-IZT-005-01”.  This report will use these findings in assessing the cost and benefit due to the 

introduction of IIIB emission control levels.  The main results from the 2011 survey carried out by SP5 within the 

CleanER-D project are included in summary form in this report, where appropriate. 

A decreasing trend in the size of the European diesel locomotive fleet has been observed in the recent study in 

2011 and in previous assessments by the Rail Diesel Study in 2004 and by Railisa in 2008.  SP 5.1 has carried 

out extensive survey of the seven big European operating companies; DB, ÖBB, ATOC, CD, SNCB, Trenitalia 

and RENFE.  The survey shows an average delivery of 150 new locomotives per year over the last decade.  Re-

powering locomotives to replace old engine has occurred at a similar average rate of 135 per year over the period 

2000-2010. 

The results from the current survey have been compared with previous results from 2004 and 2008 studies. In the 

main, the trends are consistent with each other, despite the low volume covered by the current survey, which 

represents 21.8% of the total diesel locomotive fleet available in Europe. The results have been compared in 

terms of average power and mileage. 

VEHICLE TYPE AVERAGE POWER 

Shunters P   <560kW 299kW 

Shunters P   >560kW 952kW 

Line haul P<2000kW 1530kW 

Line haul P>2000kW 2220kW 
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From the 2011 survey, the following average mileages were calculated. The average mileage per day is based on 

300 operating days per year. 

VEHICLE TYPE ANNUAL DISTANCE 

TRAVELLED 

DAILY DISTANCE 

TRAVELLED 

Shunters P   <560kW 4200 km 14km 

Shunters P   >560kW 16500 km 55km 

Line haul P <2000kW 80000 km 267km 

Line haul P >2000kW 91000 km 303km 

 

In the railcar sector, the results show that more than 84% of the vehicles have less than 1000 kW installed power.  

The power distribution shows that most of the installed power is in the range of 500-1000 kW.  In the high end of 

power range (1000 - 2000 kW), more than 95% of this group has less than 1500 kW installed per vehicle. The 

vehicle group with P>2000 kW is the smallest group. Among the high powered railcars with P>2000 kW, the 

United Kingdom have 52% of the total and 39% are in Belgium. SP5 study has considered railcars as unit not the 

engines making the total power output i.e. irrespective of the number of engines used by the unit.  The NRMM 

directive calls for engine above 130KW to be obeyed with the emission level as specified by the application or 

class of use (railcars or locomotives).  The rules for railcars are then specified irrespective of the total number of 

engines used or the total power output of each class.  

The overall average power was found to be 607 kW (calculated from all 9240 vehicles in the European diesel 

railcar fleet, and this agrees well with the average power of 603 kW, obtained by the fresh survey.  For this report 

the average overall power is taken as the mean value of 605 kW.  This is close to the class power recognised by 

UIC-II and IIIA rules (although not in the new rules of IIIB).  

The survey indicates that the railcar average mileage is 148,035 km per vehicle per year which is a significant 

increase from the average mileage of about 80,000 km per diesel railcar per year calculated by the Diesel Rail 

study in 2004.  It has therefore been agreed within SP5 that the mileage of 150,000 km/year and 340 days of 

operation per year averages out to 441 km/day, for the sake of calculations. If the average speed is assumed to 
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be 40 km/h, the average annual operating hours is therefore 3750, which is considered to be a reasonable mean 

value between low operation of 2500 h and high operation of 5000 h per year. 

3. COST BENEFIT METHODOLOGY 

3.1 EMISSION FACTORS FOR DIESEL RAIL  

 

The first sets of standards (Stage IIIA) applied to new engines fitted in rail vehicles were introduced in 2006 and 

2009.  A more stringent set of standards is about to be introduced in 2012 as Stage IIIB and will apply to new 

engines fitted to both railcars and locomotives, irrespective of power output. 

In certification test for compliance, engines normally emit less than the standard by a margin to cater for 

production variability and in-service deterioration.  Although a rail vehicle’s emission rate can vary throughout its 

life as the engine ages and as ambient conditions change, the values used in this assessment will be based on 

fixed emission standards values. 

It is important to review the historical progression of railway emission control standards.  Table 1 shows these 

standards from the introduction of UIC-I, which was then overtaken by UIC-II in 2003.  Table also shows the 

percentage reductions achieved.  The tightening of emission control regulations from UIC to stage IIIA are shown 

in Table 2, and to Stage IIIB in Table 3. 

Table 1 - UIC Emission Control Standards (pre- 2006) 

Stage Power  CO HC NOx PM Smoke 

 kW  g/kWh BSN 

UIC I  up to 2003 3 0.8 12 - 1.6-2.5 

UIC II P ≤ 560 2003- IIIA 2.5 0.6 6 0.25  

 P > 560 >1000 rpm 3 0.8 9.5 0.25  

  < 1000 rpm 3 0.8 9.9 0.25  
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Reduction % UIC I to UIC II P<560  25% 50% N/A N/A 

Reduction % UIC I to UIC II P> 560 >1000  0% 21% N/A N/A 

 

Table 2 - EU Directive Emission Control Standard (IIIA) compared with UIC 

Cat. Net Power Date CO HC HC+NOx NOx PM 

 kW  g/kWh 

RCA (railcars) P > 130 2006.01 3.5  4.0  0.2 

RL A (Locos) 130 ≤ P ≤ 560 2007.01 3.5 - 4.0 - 0.2 

RHA (Locos) 

 

 

P > 560 

 
2009.01 3.5 0.5 - 6.0 0.2 

P > 2000 & 

SV>5 Lt/cyl 
2009.01 3.5 0.4  7.4 0.2 

Reduction % UIC II to IIIA (rail cars)    33%  20% 

Reduction % 
UIC II to IIIA (rail locos) 

(for P>560 & > 1000 RPM) 
 38%  41% 20% 

 
 

 

Table 3 - EU Directive Emission Control Standard (IIIB) compared with UICII 

Category  Net Power  Date CO HC HC+NOx NOx PM 

kW g/kWh 

RCB -railcars P > 130 2012.01 3.5 0.19 - 2 0.025 
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RB - Locos P > 130 2012.01 3.5 - 4 - 0.025 

Reduction% UIC II to IIIB (rail cars) 

 

 62%    66% 90% 

 

 

3.2 EMISSION RATIO  FUEL CONSUMPTION  

 
It is statically useful to express diesel exhaust emission as ratio of pollutant emission to fuel consumption 

(Kilogram of emission per litre fuel consumption). Three diesel engines have been considered in this project to 

represent typical engines for railcar, light haul locomotive and heavy haul locomotive applications. 

 
Table 4 shows the power and fuel consumption project-local data for the three diesel engines used in the 

CleanER-D project.  These data have been quoted by TEDOM, MTU and CAT in their sales literature for current 

products with IIIA emission control levels.  MTU has also published its fuel consumption for stage IIIB.  CAT data 

are for EU-IIIA emission levels.  The data and other related parameters are explained in more detail in chapters 4, 

5 and 6 for the SP2 railcar subproject, the SP3 heavy-haul locomotive subproject and the SP4 light-haul 

locomotive subproject respectively. 

 
The fuel consumption for Stage IIIA, at the rated power, is shown in the second column, converted into fuel flow 

at rated power in the third column.  The fuel consumptions have improved with the newly modified stage IIIB 

engines, shown in columns 4 and 5 for specific fuel consumption and flow rate respectively.  Rail applications are 

of mixed running mode and rail traction engines typically run at full load for only a small proportion of their daily 

duty (the exact proportion varying depending on the application). The load factors have been investigated by the 

team and shown below in page 30.. 
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Table 4- Power and Fuel consumption of low-usage example of diesel rail engine 

Rail Class  Rated 
Power 

UICII 
Fuel Consumption 
at rated power as 
declared (specific 

and flow)  

Stage IIIA  
Fuel Consumption 
at rated power as 
declared (specific 

and flow) 

Stage IIIB  
Fuel Consumption 
at rated power as 
declared specific 

and flow 

 kWb 
RPM g/kWh kg/h g/kWh kg/h g/kWh kg/h 

Railcar 
engine 

242 
1950 

Not 
available  227 55 222 52 

Light haul 
engine 

1800 
1800 206 351 210 378 205 369 

Heavy haul 
engine 

2800 
1800 

Not 
available  210 588 205 574 

 

Table 5a shows heavy-duty engine performance with 2500 kW rated power with UIC-II emission compliance for 

the full load, part load and idling duty on a heavy haul main line locomotive application.  As the power specific fuel 

consumption varies widely between full load, part load and no load, a representative average is worked out as an 

ISO modified duty cycle average.  The representative average fuel consumption is just less than 2% higher than 

that at the rated power so it is reasonable for the purposes of this analysis to use full load fuel consumption 

figures (which are widely quoted by engine manufacturers) with this margin applied. 

Table 5a   Engine Performance of heavy haul locomot ive based on ISO modified F-Cycle 

Engine  Power  SFC Time Fuel  KW Load  

Load  KW g/kWh  per hour  kg per hour  Factor  

              

100.00% 2500 205 15.00% 76.875 375 15.00% 

              

50.00% 1250 199 25.00% 62.1875 312.5 12.50% 

              

5.00% 125 270 60.00% 20.25 75 3.00% 

              

ISO Duty Cycle 
Average=  

209   159.3 762.5 30.50% 
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Similarly, Table 5b shows typical engine performance with 300 kW rated power with IIIA emission compliance.  

Values for a DMU railcar application are shown for the full load, part load and idle duty.  As the power specific fuel 

consumption varies widely between full load, part load and no load, a typical representative average is worked 

out and this case it came close (within 1% higher margin) to full load fuel consumption. 

 

Table 5b Engine Performance of DMU Railcar based on  modified ISO F-Cycle 

Engine  Power  SFC Time Fuel  KW Load  

Load  KW g/kWh  per hour  kg per hour  Factor  

              

100.00% 560 215 15.00% 18.06 84 15.00% 

              

50.00% 150 200 25.00% 7.5 37.5 12.50% 

              

5.00% 10 260 60.00% 1.56 6 3.00% 

              

Average SFC=  217   19.975 92 30.50% 

 

 

The EU emission inventory handbook published fuel consumptions for different types of diesel rail vehicle 

applications, expressed as a fuel amount in Kg per hour, as shown in the first data column of Table 6.  These 

figures are compared using the bottom-up approach adopted by this report to achieve the inventory average in 

Europe. The power classification investigated by CleanER-D survey and reported above has been used in the 

second column. The CleanER-D derived fuel consumption inventory figures are obtained from the specific fuel 

consumption of representative engines, power classification and the ISO F-Cycle load factors.  They were found 

to be lower than the published inventory of EMEP/EEA by an average of 30% across all power class and 

applications.  The data used by this report are more realistic as they are based on real engine fuel consumption 

rather than aggregate figures.  In order to agree with EEA inventory figures, using the engine fuel consumption, 

either the load factor has to be increased to 40-45% or the power class increased by 30%, which were 

considered unrealistic in the light of the findings of the fresh survey carried out by SP5 in 2011. 
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Table 6 Comparison between EMEP/EEA and CleanER-D Fuel Consumption Inventory 

Category  EMEP/EEA 
Inventory 

Fuel 
consumption  

Power class 
from 

CleanER-D 
survey  

Load factor 
to fit EMAP - 

EEA data 
Inventory 

fuel 
consumption 

Assumed 
Average 

Specific fuel 
consumption   

CleanER-D 
Inventory 
Fuel Cons 
based on 
ISO load 

factor 

Ratio of 
CleanER-D to 

EMEP/EEA 
Fuel 

Consumption 
Inventory 

Power 
class 

changes 
to agree 
with EEA 
figures  

  Kg/h kW   g/kWh Kg/h   kW 

Line-haul 
locos  

“219”  2300 45% 210 147 67% 3419 

Shunting 
locos  

“90.9”  1000 42% 215 66 72% 1386 

Railcars “53.6”  600 40% 225 41 77% 781 

 

The primary reasons for the differences in fuel consumption are: 

• Different engine classes of power, BMEP and speed. 

• Duty service, operation and load factor depending on application of vehicle and fleet. 

• Age of engine and vehicle. 

• Emission control levels 

The figures for heavy-haul line locomotives and light-haul locomotives (shunting locos) are more representative of 

the CleanER-D engine than are those for the railcar engines because the power output of the railcar engine in 

CleanER-D represents the lower level of the spectrum in this sector. 

The constant values and conversion factors used in these calculations are as follows: 

• Diesel Fuel Density = 0.82 Kg/Litre 

• 1 US Gallon = 3.8 Litre 

• 1 KW = 1.36 Hp 
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The fuel consumption data have been converted into volumetric ratios using a typical fuel density to work out the 

volume of fuel consumed and then converted into energy expressed as KWh (which is used as a recognized 

measure for energy by power generation etc) per unit volume of fuel consumed to release the energy.  SI units 

were used for the calculation but the results were also converted to US units (bhp-h/gal) in order to make direct 

comparison between CleanER-D derived data shown in table-7 and the corresponding results derived from EPA 

results, which is shown in Table 8.  EPA has carried out its own research on large numbers of diesel rail vehicles 

in the USA and has produced the average fuel consumption of table 8. The figures from CleanER-D (table 7) and 

published figures from EPA (table 8) show good agreement, which is encouraging for the credibility of methods of 

analysis used by CleanER-D. 

Table 7 – CleanER-D derived data of Energy per Fuel in SI and Imperial (USA) Units 

Category  Assumed Average 
Specific fuel 
consumption   

Average  energy 
per mass of fuel 

Average  
energy per 
volume of 

fuel 

Average  
energy in 
USA units 

  g/kW-h kW-h/Kg kW-h/Lt Hp-h/Gal 

Line-haul 
locos  

210 4.76 3.90 20.18 

Shunting 
locos  

215 4.65 3.81 19.71 

Railcars 225 4.44 3.64 18.83 

 

The EPA Fuel consumptions were found to be similar to data from the CleanER-D engines, apart from the 

shunting locos.  Shunting locos use both high speed and medium speed engines but they spend most of their 

time at low loads, with more frequent incremental loading and this does not enable the optimum consumption.  

Table 8 - Analysis of US-EPA (energy-to-fuel) Conversion factors of rail diesel in USA 

Diesel Rail Application EPA Published Conversion 
Factor (bhp-h/gal) Converted to SI Units (KW-h/kg) 

Heavy Haul “20.8” 5.000 

Railcar “18.2” 4.375 

Shunting Locomotive “15.2” 3.650 
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Apart from the shunting locomotive, there seems to be good agreement between the figures worked out 

independently by EPA for the USA rail operations, those from the EEA for European rail operations and the data 

arrived at by CleanER-D project.  Between them, these data represent a wide spectrum of rail operation in the EU 

and the US, in terms of the fuel consumptions achieved and the rate related to energy, power class and service 

duty. 

It is very important that reliable fuel consumption data are obtained, as the total fuel cost for a fleet can be 

estimated from the fuel consumptions of the engines which make up the fleet. The total emissions can be 

estimated by multiplying the emission factors (Kg/ton-fuel) by the annual fuel consumption rates (ton-fuel/yr) to 

give annual emission rates (Kg per year).  

 

 

3.3 EMISSION INVENTORY 

The European emission inventory was estimated by EMEP/EEA Guidebook – 2009 and a summary is shown in 

Table 9 below.  The main problems with the data in this guidebook are the low absolute confidence level and the 

large margin of error.  Although the NOx high confidence reaches 93%, which is considered good, the difference 

between the low and high confidence is as high as 68%.   

The rest of the pollutants covered have lower confidence levels than those for the NOx values, so that pollutant 

inventories need to be treated with care when Table 9 is used to estimate total emission due to rail diesel in the 

EU for the purpose of cost-benefit analysis.  The CO2 emission level in particular seems to be estimated with low 

margin of error.  CleanER-D does not distinguish between PM grades of filter and an average PM will be used. 
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Table 9 - European Emission Inventory (Ref: EMEP/EEA Guidebook – 2009) 

Based on Fuel 
consumption 

Confidence 
Levels Kg/Ton 

fuel 

Percentage Errors  

Pollutant  amount  unit  Low  High  Low%  High%  

NOx 52.4 kg/ton 
fuel 

25 93 -52% 77% 

CO 10.7 kg/ton 
fuel 

6 19 -44% 78% 

PM10 1.44 kg/ton 
fuel 

2 16 39% >>100% 

PM2.5 1.37 kg/ton 
fuel 

2 14 46% >>100% 

CO2 3140 kg/ton 
fuel 

3120 3160 -1% 1% 

 

An extensive database, TRansport and ENvironment Database System (TRENDS),  has been created by a 

project funded by the European Commission Directorate General for Transport and Energy.   The TRENDS 

database contains air emissions data for all transport modes in the 15 countries of the European Union including 

Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, 

Portugal, Spain, Sweden and United Kingdom). 

The database is summarized in Appendix 1, and data covers the following modes of transport: 

-  Road  -  Rail  -  Air   -  Inland Waterways  -  Maritime Shipping 
 

The types of traffic considered were: 
• Passenger transport 
• Freight transport 

 
The transport activities metrics used were: 

• Passenger-Kilometers (P-Km) 
• Ton-Kilometers (T-Km) 
• Vehicle-Kilometers (V-Km) 
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Emission factors considered for:  CO2, PM, NOx, CO and VOC 

 
 
The main table presented by the TREND database covers all the years from 1970 to 2020 and shows year by 

year changes.  Table 10 has extracted three years from this data: 

• 1970 (the first year in the TRENDS database) 

• 2011 (the current year) and 

• 2020 (the modelled future year) 

The data shows clearly that the contribution of rail transport, for both passenger and freight traffic, to the whole of 

the EU15 emissions inventory is minimal, despite its significant contribution within the total rail activity.  This is the 

key point in the argument for rail sector superiority over the rest of the transport system. 

This argument is particularly evident for the passenger utilization where, in 1970, the rail vehicle-Kilometres were 

only 0.2% of the total vehicle Kilometres across all transport sectors but Passenger-Kilometres were 11.9%.  

Even at that time, when engines were not controlled by emission regulations, the NOx contributions (1.9% for 

freight and 4.9% for passenger) were moderate when compared to the rest of the transport system.  The PM% for 

that year was somewhat distorted for the passenger sector as there were no data available for air pollution in this 

category and rail passenger volumes were 10% of on-road transport, the highest ever ratio for the rail 

contribution.  However, freight showed a much lower contribution for PM (1.4%) in 1970. 

In the current year of 2011, the situation has changed significantly, as rail activities were 1.4% for freight and 5% 

for passenger traffic.  This aligns with the decrease in the rail vehicles, compared with the increasing number of 

vehicles in the rest of the sector.  However, the PM emission contribution is too high from passenger traffic in 

particular and this is attributable to the way emission regulations are applied to on-road transport, which shows a 

decrease of one-quarter in PM emission despite the four-fold increase in the number of vehicles from 1970 to 

2010 period.  

In the future model year of 2020, the situation for the PM contribution from the passenger rail to the transport 

sector is predicted to deteriorate further, to 16.2%, despite there being no significant changes in activities and 

other emission factors.  It is considered likely that this prediction must have been based on an assumption that 
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continuous improvement will take place in the on-road sector while the rail diesel engine will remain in its current 

emission control regime of IIIA (or, for PM, even at UIC-II), but this is not a plausible assumption.  The fact that 

CleanER-D engines have already met the new lower PM levels (an order of magnitude less than previous control 

regulation) should be transmitted to the TRENDS database to correct it.  The correction should not necessarily be 

applied on a simple pro rata basis but on the basis of a gradual introduction of engines which meet the new 

standards. 

 

Table 10 – Summary of rail emission contribution to EU15 - TREND database 

Diesel Rail Traffic at 

certain years 

Passenger  

km/Ton.km [%] 

Vehicle km    

[%] 

Emissions [%]  

CO2 CO NOx PM 

1970 Freight Rail% 3.0 0.4 3.0 0.6 1.9 1.4 

1970 Passenger Rail% 11.9 0.2 3.9 0.1 4.9 10.0 

2011 Freight Rail% 1.4 0.1 0.9 0.2 0.6 0.5 

2011 Passenger Rail% 5.0 0.1 2.1 0.1 5.7 14.0 

2020 Freight Rail% 1.2 0.1 0.8 0.3 0.5 0.4 

2020 Passenger Rail% 4.8 0.1 2.1 0.2 6.7 16.3 

 
 

Conversion factors for exhaust emission pollutants with respect to the service duty of trains are expressed with 

respect to Passenger-Kilometre (P-Km) for passenger trains and with Ton- Kilometre (T-Km) for freight trains and 

these are useful parameters for the cost benefit analysis.  These factors can be associated with fuel consumption 

or used directly as emitted pollutant per service duty as Kilograms of pollutant emitted per P-Km or T-Km for 

passenger transported or freight hauled respectively. However, this method does not provide accurate data since 

these parameters are based on averaged service duty.  The ratio of engine fuel consumption to P-Km and T-Km 

can vary significantly in response to a variety of factors such as track geography, for example, routes which 
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include steep gradients through high altitude mountainous terrain compared with flat track profiles at sea level.  

Because of these track geography variations and also because of the difficulty in obtaining precise records, these 

parameters should be treated with care when calculating emission rates. Nevertheless, approximate average 

values can be estimated and accuracy will depend on the size of the data sample.  The figure predicted by 

TREND database for NOx and PM were found too high when more recent study of the JRC final report on NRMM 

Review Part I (pages 24-25). 

3.4 FLEET ACTIVITY 

Diesel rail fleet activities have been researched extensively by the previous SP5 deliverable, D5.1.  These fleets 

have shown a declining trend in numbers over the years considered by all the assessments carried out by RDS, 

JRC, UIC and, lately, by CleanER-D.  Table 11 shows a summary of fleet activity for diesel multiple unit (DMU) 

railcars and diesel locomotives from 2003 to 2020, including actual data up to 2008 as per the RDS study data.  

The most realistic scenarios that proposed by RDS are Scenario A and B, which are detailed in deliverable D5.1.   

Table 11 Rail Diesel Study - most probable scenario s (A&B)  

Number of vehicles (UIC)  Proportion d-locos – DMUs  
Year (number 
confirmed) 2008 Scenario 2008 2020 2030 
Locomotives 
(main/shunters ratio) 13900 A 60/40 55/45 50/50 

DMU 9000 B 100% 100% 100% 

Change factor for total number of vehicles as propo sed by Rail Diesel Study 
Scenario A Diesel locos, Yearly change of total number -1.4% 

  DMUs, Yearly change of total number  0.5% 

Scenario B Diesel locos, Yearly change of total number -2.0% 

Scenario C DMUs, Yearly change of total number +2.1% 
 

The number of diesel engines was estimated on the basis of one engine per locomotive and, an average of two 

diesel engines per DMU railcar set, which would give a simple idea on the fleet of the diesel engines in service by 

simply factor 1 and 2 for locos and DMUs respectively. 
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The age distributions of diesel locomotives and DMUs proposed by RDS have been reviewed. In 2003, before 

UIC-II been enforced, a large percentage (about 80%) of the diesel locomotive fleet pre-dated UIC-I emission 

control levels and the rest of the fleet complied with UIC-I emission levels.  As UIC-II became effective the fleet 

started to be populated with UIC-II compliant vehicles up to year 2007 for rail cars and 2009 for diesel 

locomotives.  The numbers of new vehicles added to the fleet have been estimated by D5.1 from sources of UIC, 

RDS and also from IZT private communications with ISC.   

CleanER-D 2011 Survey 

The up to date survey has confirmed that the total European fleet comprised 13908 diesel locomotives in 2008, 

having decreased by approximately 3100 units since 2004.  RDS was conducted in 2004 and therefore 

everything up to that time must be right. 

The SP5 team have analysed the results of the recent and previous data and have classified the power and 

application with age (net of units added as new and withdrawn), to give the distribution shown in Table 12 below: 

Table 12 Locomotive fleet activity with power class ification at 2003 and 2008  

Years considered 2003 2008 

Power class  P < 2000 kW P > 2000 kW P < 2000 kW P > 2000 kW 

In-Line Haul Locomotives  8500 (50%) 1530 (9%) 6297 (44%) 2049 (16%) 

Power class  P < 560 kW P > 560 kW P < 560 kW P > 560 kW 

Shunting Locomotives  4760 (28%) 2210 (13%) 3060 (22%) 2502 (18%) 

Total Locomotive  17000 13908 

 

Similarly, for railcars, the recent survey by SP5 has confirmed the number of diesel railcars in Europe (31 

countries) in 2010 was 9240.  Approximately 76% of this total is serving 7 countries and the largest national fleets 

are Germany (26%), UK (12%) and Italy (12%).  

The vehicle installed power classification of the whole European (31 countries) fleet as shown in table 13: 
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Table 13 CleanER-D Survey summary on railcars fleet  activity with power classification  

Power class 

(kW) 

P < 500 501 < P < 999 1000 < P < 1999 2000 > P > 3000 

Railcar number  4500 3340 1150 250 

Percent of total  48.7% 36.1% 12.4% 2.7% 

Total power 

(MW) 

1489 2134 1407 579 

Percent of total 

power 

27% 38% 25% 10% 

 

It worth noting that more than 84% of the vehicles have less than 1000 kW and more than 95% of  the total have 

less than 1500 kW installed per vehicle.  

 

CleanER-D 2011 Fleet Activities Scenarios  

In order to provide a fresh and realistic assessment on the total exhaust gas emission generated by diesel rail in 

Europe, SP5 has considered several options and scenarios on how this fleet would develop over the next 10 

years..  Details of the basis for these scenarios and how emission values were calculated to work out the can be 

found in Deliverable WP5.1.  Summary Table 14 gives the percentage distribution for old, current and future 

emission control stages.  The results from SP5 survey are detailed in D5.1, Figures 1 and 2 show the EU fleet 

activities in Locomotives and DMU.   

 

Table 14 CleanER-D survey summary of emission stage  distribution 
 
 

 

Emission Control UIC II EURO II UIC I EURO I pre-UIC I pre-UIC I 
CleanER-D 2010 21.10% 14.20% 8.20% 2.70% 27.30% 20.20% 
NOx g/kWh 6 7 7 8 7 13.7 
PM g/kWh 0.1 0.15 0.14 0.36 0.14 0.53 
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Figure 2 SP5 Survey results of fleet activity for E U DMU Sector 
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Load factors  

The load factor has been investigated by the SP5 team and compared with the ISO standard. The modified ISO 

F-cycle for rail vehicle according the actual ISO 8178-4 indicates a load factor of 30.5%.  This load cycle fits well 

with locomotive line services.  

During the last few years, a trend has been observed for switching from diesel locomotive to diesel railcar hauled 

passenger traffic. This has led to significant increase in the daily mileage of a diesel railcar than that of a diesel 

locomotive hauled train, bearing in mind the power output of the diesel railcars is less than that installed in 

locomotives. In order to meet the operator demand for more frequent trips per day, the load factor of those diesel 

railcars have increased accordingly.   

It is worth noting that the Load factor as suggested by the NRMM-directive used F-cycle (older ISO 8178-4 

version from 2005) delivers a load cycle of 32.5%, which is now superseded by the current ISO values. 

 

Table 15 duty-cycle Load factor in diesel rails by separate methods 

Method  Duty Time  Max Power  Load Factor  Average 

Load 

Factor 

Modified F-cycle  

(ISO 8178-4 :2007 modified 

2008) 

60% 5% 3% 

30.5% 25% 50% 12.5% 

15% 100% 15% 

 ISO F-Cycle 

60% 0,00 0,00 

32.5% 15% 50% 7.5% 

25% 100% 25% 
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3.5 DAMAGE FACTORS  

 

The breakdown damage factors for railway exhaust emission pollutants as well as toxic materials for all 27 

countries in Europe have been estimated by the CAFÉ (Clean Air for Europe) project and detailed by ARCADIS.  

Within the SP5 survey and using the UIC data on the train-Km data for all EU countries, the weighting factors 

were evaluated to work out the EU27 average values of the costs on NOx and PM emissions. Table 16 shows the 

EU27 weighted averages of the external costs for the locomotives and DMU sectors separately.  The PM benefits 

have been quoted for three different districts such as urban metropolitan, urban and rural (countryside zone). The 

PM2.5 grade of particulate emission is more damaging to human health than PM10 and most modern (high 

injection pressure) diesel engines emit smaller sizes of particulate matter.  Therefore PM2.5 has been used in this 

report for cost/benefit calculations.  The PM2.5 has been found to represent 90% of the total mass of PM; this ratio 

has been taken into account to workout the representative PM2.5, which is the most harmful part for human 

respiration system. 

 

Table 16 shows the averaged benefit figures obtained from reducing NOx and PM emissions for both Locomotive 

and DMU sectors in the EU27 countries.  The shares of emission cost between geographical zones were factored 

by data supplied by DB to SP5 communications.  The factors as shown in the same table (16) have been used to 

work out the weighted average cost of PM emissions across the EU27 with different classes of people 

concentration.  These cost figures will be used to work out the benefit achieved by the reduction of NOx and PM 

emission from both DMU and locomotives which arises from the replacement of old engines with currently IIIA 

and future IIIB engines. 
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Table 16 – Weighted average external damage factors of EU27 (Ref CleanER-D Report D5.1)  

 Urban 
Metropolitan  Urban

  Outside built-up 
areas  Average Cost

EU Handbook 2011 (weighted
average)for diesel rail emission 8,409 € 393,209 € 126,708 € 71,395 € 84,921 €

weighting factors of PM emissions 
costs at different populated zones 100% 3.00% 7.00% 90.00% 100%

  PM (exhaust)  EXTERNAL COST
NOx 

EXTERNAL 
COST

 

 

3.6 OTHER POLLUTANTS  

  
In addition to the main exhaust gas emission pollutants considered by this report, sulphur dioxide (SOx) and 

carbon dioxide (CO2) have a serious impact on human health and on nature but are not covered by the emission 

controls under this investigation.  These two pollutants are mainly linked to fuel properties rather than to engine 

design features or operating practices and, therefore, their emissions can be assumed to be the same for any 

diesel engine operating on a given fuel. 

As most of European countries have now adopted Ultra-Low-Sulphur (ULS) fuel in their diesel rail operations, the 

related emission of sulphur dioxide SO2 ( which is commonly grouped with other oxides of sulphur as SOx) 

emitted with exhaust gases has been reduced to an insignificant trace in most cases.  The SOx issue has, in fact, 

been resolved  because most modern rail diesel engines are required to use low sulphur fuel in order to satisfy 

the operating requirements laid down by the manufacturers of the new fuel injection systems and DPF devices .  

However, certain countries in the EU (in particular, the UK) still use diesel fuels with some Sulphur content, and in 

these countries, aftertreatment cannot be used until the switch to ULS fuel is completed.  Also, while the vast 

majority of the sulphur in fuel is typically converted to SOx, up to 5 percent of the sulphur is oxidized further to 

sulphates and forms particulate matter.  New developments in “active regeneration by burner” technology may 

resolve the issue of the Sulphur content in fuel as these devices can function with such fuel. 
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The CO2 concentration can be calculated directly from the fuel burnt by the diesel engine.  To calculate the CO2 

emission from a fuel, the carbon content of the fuel must be multiplied by the ratio of the molecular 

weight of CO2 (44) to the molecular weight Carbon 12   

i.e.  44 / 12 = 3.67 

EPA used a simple chemical reaction equation to convert a gallon of fuel into grams of CO2 as follows: 

 
CO

2
 (g/gal) = (fuel density) × (3.67) × (C content of fuel) 

Using a fuel density of 3200 g/gal and the carbon to hydrogen ratio in diesel fuel of (87% to 13 %), 
 

CO
2
 = (3200) × (3.67) × (0.87) = 10,217 g/gal 

Or, in SI units; 

CO
2
 = (820) × (3.67) × (0.87) = 2,465 g/Litre 

 
 

3.7 LIFE-CYCLE-COST 

3.7.1 Life-Cycle-Cost (LCC) Assessment 

The investment decision process for the selection of a diesel prime mover (the engine and its integrated system) 

in rail, marine or power generation applications is often based on the “Through-Life-Cost” (TLC), otherwise known 

as “Life-Cost-Cycle” (LCC), since the initial cost is much lower than TLC over the expected life of the investment. 

The main parameters that should be considered during the cycle life of the engine are: 

• The cost of bought-out consumables required to maintain the engine functions: 

o FUEL 

o LUBRICATING OIL 
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o Emission related media required to keep emissions within regulatory limits 

o Water treatment 

• The cost of planned maintenance activities to keep the engine in good order: 

o Spare Parts such as bearing shells, seals etc 

o Labour costs to carry out the planned maintenance 

o The cost of operating time lost due to planned maintenance 

These costs can be planned and budgeted but unplanned costs must also be allowed for:  

• The cost of unplanned maintenance to keep the engine in good order: 

o Failed parts such as connecting rod, piston, etc 

o Emergency engineering support for failure analysis etc 

o Labour cost to replace failed parts 

o The cost of operating time lost due to unplanned maintenance 

 

3.7.2 Maintenance Practices 

Planned maintenance practices for locomotives have some unique features. As for other mobile power sources, 

locomotive maintenance activities can be broken down into a number of subcategories such as routine servicing 

and scheduled maintenance: 

• Routine Service consists of providing the fuel, oil, water, sand (occasionally applied to the rails for added 

traction), and other expendables necessary for day-to-day operation. 

• Scheduled maintenance can be classified as 

o light (e.g., inspection and cleaning of fuel injectors) or 

o heavy, which can range from top end (cylinder head and pistons) or bottom end (bearing or 

cylinder liner replacement). 
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o Overhaul, which is a full dismantling of the engine to examine all parts and replace certain parts as 

per engine manufacturers instructions and other parts being changed depending on their condition 

during the inspection.   

o For the DMU sector, this has been assumed to be required after 5-6 years of service or 15,000-

20,000 hours, whichever occurs first.  In the example data presented here, this interval represents 

a third through the design life of the engine (normally considered to be 15-18 years).  The costs of 

overhaul will typically be substantial percentage of the first cost, up to 60-75%.  If overhaul costs 

are greater than this, engine replacement may prove to be a more economical alternative.  

o For the Loco sector, this has been assumed to be required after 10-12 years of service or 30,000-

36,000 hours, whichever occurs first.  In the example data presented here, this interval represents 

a mid point through the design life of the engine (normally considered to be approximately 20 

years).  The costs of overhaul will typically be substantial percentage of the first cost, up to 40-

60%.  If overhaul costs are greater than this, engine replacement may prove to be a more 

economical alternative.  

o Depending on the operating life of the vehicle, it may not be economical to carry out second 

overhaul to the engine after 20 years service but the LCC tools should be used to help making 

these decisions. 

Wherever possible, scheduled maintenance (particularly the lighter maintenance) should be timed to coincide 

with periodic overall locomotive technical (including safety) inspections, which normally occur at specified 

intervals and according to the operator’s preferred schedule and based on the engine manufacturer’s 

recommendations.  Scheduled maintenance is typically at 3 or 6 month intervals. 

Unplanned (breakdown) maintenance, which may need to be done in the field, consists of actions necessary to 

get a locomotive back into service following some form of failure.  Because of the high cost of a breakdown in 

terms of lost revenue resulting from a stalled train and / or a blocked track, every effort is made to minimize the 

need for this type of maintenance. In general, railroads maintain a high degree of reliability, which requires more 

rigorous maintenance practices than would be expected for most other mobile sources.  However, the competitive 
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nature of the business also results in close scrutiny of costs to achieve the most cost-effective approach to 

achieving the necessary reliability and this has resulted in a variety of approaches to maintenance provision. 

The new thinking on optimising solutions in the EU and the US has given rise to a tendency among rail operators 

to diversify maintenance providers.  A number of independent companies offer specialised services associated 

with locomotive repair (e.g., turbocharger repair or remanufacture) and this new trend toward outside 

maintenance has been accelerated by the policies of some of the larger rail companies to divest themselves not 

only of maintenance activities, but also of ownership of the locomotives.  The logical ultimate consequence of this 

trend is the "power by the mile" concept, whereby a rail service provider leases a locomotive, together with all the 

necessary attendant services for an agreed term under an agreed plan which covers all costs. 

 

3.7.3 Tools Development for LCC Model 

TEC (The Engine Consultancy limited) has developed a computer program, in simple Microsoft Excel 

spreadsheet format, to work out the life cycle cost for the investment of installing a diesel engine in railway 

applications.  The tool was developed in versatile manner with open options for a conventional diesel engine and 

for modern engines with after-treatment added to the base engine to achieve the emission levels required by 

stage IIIB.  This LCC model can be applied to both locomotive and DMU engines built to UIC-II, IIIA and IIIB, 

which cover mainly fuel consumption, oil consumption and maintenance aspects.  The addition of aftertreatment 

equipment and for the costing of the consumables and maintenance of the added equipments required to achieve 

stage EU-IIIB emission control, which it can’t be achieved without these additional equipments.  The model has 

been developed to consider these additional elements which are needed to enable stage IIIB engine to be 

analysed for its LCC or through-life-costs.  

Some useful data for this part have been supplied by the project partners, from their internal experience and 

analyses of the running costs and maintenance cost of rail diesel engines with and without after-treatment 

equipments such as SCR (Selective Catalyst Reduction). The SCR system uses consumable of urea solution as 

the NOx reduction fluid.  The Life Cycle Cost (LCC) tools evaluates both DMU and locomotives with engines 

complying with old, current and future emission controls, which considered the following engine type: 
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a. UIC II Engine covers relatively older engine, where emission achieved by internal measure only. 

These engines have been established for long service experience and fuel consumption that can be 

considered by rail operators as a datum for comparison with newer engines with more stringent 

emission levels. 

b. IIIA Engines are relatively new engines that have entered in service in 2006 with emission reduced by 

about 25% from UIC-II. IIIA engines are mainly achieved its emission requirement with internal 

measure as well, this was achieved by trade off with fuel economy.  The fuel economy is the most 

critical parameter in the LCC consideration. 

c. IIIB Engines are the main topic of CleanER-D as the aftertreatment equipments are considered.  The 

aftertreatment impact on first cost, consumables and maintenance are considered to assess the cost 

and benefit for introducing these new engine to the rail diesel industry.  The latest stage IIIB engine 

was analysed both with and without SCR aftertreatment technology.  The DPF after-treatment 

equipments have been used to achieve compliance with the PM levels of IIIB by this project’s partners 

for both DMU and Loco, irrespective of the SCR usage for NOx reductions. 

The input data required for the LCC Model are the following items: 

1. The life cycle as number of years to assess the LCC 

2. The duty cycle as number of hours per year. This will also have option as mileage or kWh. 

3.  Engine data such as rated power, size of oil and coolant etc 

4. The emission control and the technology used in achieving the emission.  

5. The examples considered in this report are UIC-II and IIIA without any option for aftertreatment.  IIIB 

engine have options for DPF/DOC for PM and HC emissions and NOx emission achieved with or 

without SCR.  

6. The first cost of engine, aftertreatment, consumables and maintenance 

7. Fuel, oil, coolant and urea consumption in the duty cycle assumed. 

8. The cost of preventive maintenance for labour and parts throughout the LCC period considered. 
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9. The cost of corrective maintenance for labour and parts from in-service Mean Time between Failure 

(MTBF) etc. 

10. Inflation average index to be applied on the calculation throughout the LLC period. 

The LCC model will calculate the following main parameters: 

1. Engine/vehicle thought life cost of fuel  

2. Engine/vehicle thought life cost of oil 

3. Engine/vehicle thought life cost of coolant 

4. Engine/vehicle thought life cost of urea 

5. Engine/vehicle thought life cost of preventive maintenance (without aftertreatment) 

6. Engine/vehicle thought life cost of corrective maintenance (without aftertreatment) 

7. Engine/vehicle thought life cost of preventive maintenance (only aftertreatment) 

8. Engine/vehicle thought life cost of corrective maintenance (only aftertreatment) 

9. Engine/vehicle thought life cost of total maintenance 

10. Total LCC for Engine/Vehicle 

11. First cost of engine(s) per vehicle 

12. Percentage of initial cost to LCC of engine 

13. Cost per hour to run engine in vehicle throughout LCC period 
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3.7.4 Data Collection Process of LCC 

The LCC information contained in this report has been prepared solely for the purpose of comparing generic 

engine types of different compliance with emission regulations in the railway sector within the FP7 EU funded 

project "CleanER-D".  

All LLC information is based on public available data and bilateral expert interviews conducted between the 

independent consultant TEC and representatives of railway operators, engine manufacturers and vehicle 

integrators represented in the CleanER-D Project as well as experts contacted by TEC outside the CleanER-D 

project. To ensure compliance with competition law, the individualized cost information received in the interviews 

by the independent consultant TEC (including fuel engine performance data, engine costs and costs of running 

engines) was aggregated to total life cycle costs as stated in this report. The report therefore does only contain 

this aggregated generic data.  

 

The results of the LCC calculation were considered and the following points have been made: 

A. The power output for the DMU rail cars, per engine was assumed to be 300 KW, with 3750 hours annual 

service duty.  The engine complies with UIC-II emission requirements, with no aftertreatment equipment 

or other consumable necessary and this is reflected its performance for fuel and lubricating oil 

consumption. The maintenance schedule specifies actions at 3-month intervals throughout the required 

life of the engine.  Specific labour and materials costs have been assigned for each type of service, 

together with the times when each service action is to be carried out. The overhaul service, as reflected by 

SP5 partners current experience, which can be assumed to be 4 to 5 years, depending on the duty 

service or about 20,000 hours of service.  In the overhaul process, the engine will be fully dismantled, 

inspected and assessed for component changes.  The tools can base the analysis on hours run, kWh or 

Km, as preferred.  The summary of this LCC shows that the major elements of LCC are the cost of 

consumables (76.5%), fuel being (75.5%) the largest single element.  Maintenance over the 20, years 

including the final overhaul takes up the remaining share (23.5%).  The engine first cost represents nearly 

1.32% of the total LCC. 
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B. Stage IIIA has been achieved in most cases by internal measures and most engines traded off fuel 

consumption to achieve the lower NOx required to progress from UIC-II to IIIA.  The price of this engine 

has gone up as the engine build changes and development costs required to meet IIIA specifications have 

to be reflected.  The price of spares and the time to carry out maintenance services are also expected to 

go up as the engine is more modern and may have more parts to satisfy the tighter emission control 

requirement.  It was assumed that no after-treatment was required, as the emission levels did not need to 

be drastically reduced and the internal design changes were expected to be adequate.  An increase of 3.1 

% in the total LCC of fuel over the UIC-II engine and 3.3% of the total through life cycle cost to implement 

the engine changes for compliance from the older UIC-II emission to stage IIIA emission control level.  

However, while the initial cost of the engine change from UIC-II to IIIA compliance increases by 

approximately 20-30%, this is not significant as it only represents less than 2% of the total LLC. 

C. For DMU engines required to meet Stage IIIB using EGR and DPF aftertreatment equipment. The thermal 

efficiency of the IIIB new engines have been improved, with the total LLC having risen by 7% compared 

with the UIC-II engine, due to 2% higher fuel consumption and the rest is due to the DPF initial and 

running cost.  The CleaneER-D partners have reported improved engine combustion, turbocharging and 

fuel injection, which have together contributed to lowering the fuel consumption as compared with stage 

IIIA.   

D. The results of changes to meet stage IIIB for the DMU using SCR only, of the same power and years 

considered above for the LCC comparison.  These engines use SCR aftertreatment technology to reduce 

NOx emission, so no trade off with fuel consumption may not be needed as much as the previous option.  

This improves the fuel consumption despite the required extra running cost of the media (Urea or NOx 

reduction fluid) required by the SCR.  The fuel LCC for IIIB engine was found lower than the IIIA due to 

the benefit 4% lower fuel consumption as this is the most critical element of the LCC consideration. The 

first cost of engine in IIIB is 30% higher than engine with IIIA, but, here again; this cost increase is not 

significant as the initial cost of the engine represents only 2% of the total 20 years TLC. 

E. The results of changes to meet stage IIIB for the DMU using SCR and DPF together, of the same power 

and years considered above for the LCC comparison.  These engines use SCR aftertreatment technology 

to reduce NOx emission, and DPF to reduce the PM emission. The fuel consumption improve but not to 
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the same extent as the option with SCR only. The fuel LCC for IIIB engine was found lower than the IIIA 

due to the benefit 3.3% lower fuel consumption as this is the most critical element of the LCC 

consideration. The first cost of engine in IIIB is 50% higher than engine with IIIA, but, here again; this cost 

increase is not significant as the initial cost of the engine represents only 2.3% of the total 20 years TLC. 

F. Through life cost over 20 year for the heavy duty 2000 kW power unit used for locomotive applications.  A 

similar approach to that adopted above for the DMU has been applied for the locomotive.  Normally one 

engine is used per locomotive and the average total LCC cost per loco per hour for the UIC-II complied 

engine was found to be €140 and the cost of engine is 4.8% of the 20 years LCC.  The fuel costs 

represent the highest element as it represents 85% of the total LCC.   

G.  The cost associated with the IIIA engine with the same power and years in locomotive applications. The 

first cost of IIIA engine is 23% higher than the UIC-II, reflecting the expenses of more modern engine 

design.  Also, the running cost is increased by 5.4%, reflecting the increase in fuel consumption due to the 

trade off required to decrease the NOx emission for the IIIA emission control levels. 

H. Stage IIIB locomotive engines required after-treatment to deal with the PM emission but NOx emissions 

can still be dealt with the use of EGR technology.  The engine first cost has increased by 70% over UIC-II 

to cover the cost of the additional parts and new technology needed to achieve optimum combustion for 

low PM and NOx emission.  The CleaneER-D partners have reported improved engine combustion, 

turbocharging and fuel injection, which have together contributed to lowering the fuel consumption as 

compared with stage IIIA.  The saving of 3.5% due to fuel consumption improvement has made a 

significant impact on the total TLC of stage IIIB compared to IIIA engine.  The portion of fuel cost reduced 

to 81.6% due to the higher costs associated with maintaining the DPF equipment introduced with IIIB 

engine, which is 2.7%. 

I. Locomotive engines total through life cost for the IIIB engine with both DPF and SCR after-treatment 

equipments. This engine build has increased the initial cost by more than 100% compared with UIC-II and 

70% increase over IIIA engine.  However the overall cost has significantly reduced the fuel TLC by about 

4.5%. Despite the high first cost of the engine it represents 6.7% of the total TLC. 
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J. The LCC calculation results have shown that fuel cost is the most significant element when compared with 

other factors and the initial cost of engine.   The sensitivity of the cost will be considered in more details at 

the cost-benefit analysis chapter for the low, medium and high options of fuel and consumable fluids 

prices. 

 

4. EMISSION CONTROL OF RAILCARS - DMU  

 

4.1 TECHNICAL CONSIDERATIONS 

 

Sub-project SP2 of CleanER-D is dedicated to considering the railcar sector.  Partners from railway operators, rail 

vehicle manufacturers and engine manufacturers make up the SP2 team.  For this sub-project, Tedom’s TD242 

diesel engine is installed in Czech Railways class 842 railcars to examine emission compliance with IIIB under 

service conditions. This railcar is a single unit, powered by two engines. 

 

This sub-project SP2 has, to date, produced many reports to satisfy the deliverables specified by CleanER-D 

project.  Much useful technical information has been provided in terms of the technologies applied and the 

technical issues faced in integrating the engine with the railcar.  Table 17 summarises the technical features of 

the TED 242 engine with build IIIA as obtained from sales literature.  The technical activities reported in the 

relevant CleanER-D project deliverables have been reviewed and considered in this section.  The consideration 

was mainly focused on the changes and modifications carried out to upgrade the engine to comply with IIIB 

emission control specifications. 
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Table 17 TEDOM Sales Information of IIIA engine (TD 242 RV TA 24) 
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4.1.1 Emission Reduction by Internal Measures  

• New Fuel Injection system with higher injection pressure (1600 bar) 

• New piston design for low emission combustion 

• New Turbocharger,  

• New material for exhaust manifold and turbocharger casing 

 

4.1.2 Emission Reduction by Aftertreatment Technolo gies 

• Selective Catalytic Reduction (SCR) system to reduce NOx emissions 

• Closed wall-flow Diesel Particulate Filter (DPF) with electric regeneration system 

 

4.1.3 Engine Integration Technical Considerations 
 
The new engine to be installed in the Czech Railway Class 842 railcars will be equipped with the SCRT (DPF-

SCR) system which is designed to meet the IIIB EU emissions levels. The design objective is to operate the SCR 

and DPF systems in active regeneration.  Both the urea dosing module and the temperature sensor are located 

on the inlet pipe of the SCR muffler. The NOx sensor is located on the outlet pipe.  DPF-SCR Mufflers have an 

integrated heat insulation (double layer skins including insulation material inbetween) that covers most of the 

muffler surface.  Heat shielding will be required to isolate the metal skin which has a high operating temperature. 

4.1.4 Technical advantages with IIIB Engine Specifi cations 
The following technical advantages have been reported by SP2 after the first prototype tests: 

  

a. Specific fuel consumption reduced by 8% over IIIA engine 

b. No EGR needed and no associated issues (LCC etc) to worry about 
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c. Potential capability to meet future emission reduction regulations have been claimed, but need to be 

reviewed technically and commercially. 

 

4.1.5 Technical Disadvantages with IIIB Engine Spec ifications 

a. Weight increase by 20kg (2.1%) for the base engine without the extra weight of aftertreatement 

equipments for emission reduction. 

b. Supply of Ad-Blue for SCR After-treatment  

c. Additional tank and ice protection for the urea  

d. An additional oxidation catalyst is necessary to avoid leakage from not used ammonia 

 

 

4.2 COST ELEMENTS CONSIDERATIONS 

 

4.2.1 Engine Research and Development Cost 
The cost of development is one of the internal records that are not usually available for external use. The three 

main parameters are: 

• Labour of skilled designers and analysts to engineer the design or modification, followed by the skilled 

labour of technicians to manufacture and test for verification. Several iterations normally required. 

• Cost of materials for the new parts made in-house or bought out 

• Cost of consumable to test the product in terms of fuel, oil etc. 

These engineering and manufacturing costs are normally amortized by the OEM over a period of time by adding 

an initial cost to the product.  Normally a percentage of the sale product sale price represents the cost of 
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development of new parts or concept on engine over certain number of years of the expected life cycle of the 

product, which is performed in-house for return on investment assessment (ROI). 

 

4.2.2 Engine Internal measure cost 
TEDOM claims that the EGR system is nearly as costly as the SCR-system but not as reliable. 

4.2.3 Engine after-treatment fixed cost 
NOx reduction is achieved mainly by introducing a new SCR-system. This will have impact on the increase in 

initial cost due to adding a new device. 

 

4.2.4 Engine after-treatment variable cost 
A new consumable fluid will be required for the SCR (Ad-Blue 32.5% urea solution – ISO 22241).  At higher 

temperatures ammonia will be produced from this urea solution in the catalyst.  While the urea solution itself is 

not classified as a hazardous substance, ammonia odour can be created during operation due to decomposition 

at increased storage temperatures (> 30°C). The consumption of AdBlue is around 4% of the engine fuel 

consumption.  Careful LCC needs to consider the cost of Adblue versus the benefit gained by the reduction in fuel 

consumption claimed by TEDOM.  It remains to be verified whether the engine, railcar and the logistic 

requirements can be configured to provide contniuous supply of all consumables for smooth running by 

operators. 

 

4.2.5 Railcar Integration cost 
A separate storage tank is required to hold the Ad-blue with a size equivalent to 5% of the fuel tank. The fuel tank 

could be reduced about the same volume. 
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4.2.6 Ad-blue Logistic Cost 

This cost element is not easy to estimate for an average as fixed infrastructure required by operators to provide 

filling stations and transportation of bulk materials. The easiest way of considering this cost is to add an average 

cost to the cost of the medium of Urea or ad-blue fluid so there is no need to make extra fixed cost of the 

infrastructure. 

5. EMISSION CONTROL OF HEAVY-HAUL LOCOMOTIVE  

5.1 TECHNICAL CONSIDERATIONS 

 

SP3 is the sub project which deals with the heavy haul locomotive application. This involves the Spanish rail 

company Vossloh, using their EUROLight  locomotive (a four-axle heavy haul locomotive with a diesel-electric 

power drive) to be tested with a new engine from Caterpillar 16C175. The sub-project will provide experience for 

re-powering from the current IIIA to a IIIB engine and will provide operational experience in addition to impact 

analysis of performance, volume, weight etc. 

This sub-project will provide useful information as the same Caterpillar engine will be offered for the US market 

with EPA Tier 3 version and a plan to meet the future Tier 4 final rules. 

CATERPILLAR is developing two emission technology strategies. One is aimed to comply with EU Stage IIIB and 

the other with the USA EPA Rail emission standard Tier 4.  It is worth noting that Caterpillar has made two 

distinctly different engines for these two markets and their related emission legislations. The EU-Stage IIIB engine 

uses EGR and DPF with two large turbochargers to cope with the relatively high back pressure caused by DPF.  

The USA engine for future Tier 4 version uses four turbochargers and a SCR-system, without EGR and DPF.  

The engine specifications of the 16-C175 engine produced by CleanER-D partner CAT are shown in Table 18.  

The data are for the engine with the IIIA emission control build. 
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Table 18 CAT Engine C175-16 Specifications complian ce with Emission control stage IIIA  
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5.1.1 Emission Reduction by Internal Measures 
Caterpillar has identified the following internal measures to achieve the emission levels as per Stage IIIB: 

• Exhaust Gas Recirculation (EGR) is used to lower the NOx  

• High Pressure Loop (HPL) was mounted on cylinder heads with new heat exchanger fitted.  

• Two larger turbochargers replaced the 4 small ones (IIIA) to cope with increased back pressure generated 

by the DPF. 

• The piston was modified to achieve a lower compression ratio  

5.1.2 Emission Reduction by after-treatment technol ogies 

• A passive DPF system (developed in-house) 

• DOC element (developed in-house) 

5.1.3 Engine Integration Technical Considerations 
The required modifications have been identified to accommodate the IIIB engine on the locomotive. This exercise 

is considered as standard practice for re-powering a locomotive of original IIIA engine specifications, with a IIIB 

engine. The modifications for to the locomotive are as follows: 

•  modify the roof structure to accommodate the DFP system  

• replace the existing exhaust muffler with a new mounting for the DPF system, (resulting in a weight 

increase of 360Kg) 

•  increase cooling plant capability by 20% radiator surface area (380 Kg weight increase) 

• modify the air intake system to suit the new two turbocharger arrangement 

• Seek to reduce locomotive weight to compensate for the total additional weight of 1520 Kg due to 

re-powering the loco with CAT IIIB engine. The most challenging part of this exercise is to maintain 

the original power output at the original weight since the IIIA version of this locomotive is already at 

the weight limit of 20tonnes per axle for secondary lines on which it must be continue to be able to 

operate.   
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5.1.4 Technical Advantages of IIIB Engine 

• Diesel fuel with more than 10 ppm of sulphur content cannot be used with the PDF system in order to 

avoid the poisoning of the catalysts which enable passive regeneration of the soot trapped in the filter. 

The PDF system significantly improves SOx emission and the related PM levels. 

• A limit on the sulphated ash content on the lubricating oil has also been imposed.  This will also make 

improvement to SOx and PM. 

• The low sulphur fuel will also improve the life of the engine components by avoiding the detrimental effect 

of sulphur on bearings and other parts in contact with oil, or possible contamination of the cooling water by 

leakage. 

5.1.5 Technical Disadvantages of IIIB Engine 

• A weight increased of 1.5 tons compared to the IIIA engine 

• Increased radiator size to handle cooling the EGR  

• Heat emitted from the DPF is radiated to loco, increasing the  temperature within the loco body 

• Higher back pressure due to the PDF, which will increase fuel consumption 

• Extra power will be required to burn the soot, which will also increase fuel consumption 

5.2 COST ELEMENTS CONSIDERATION 

5.2.1 Engine Research and Development Cost 
The Caterpillar C175 engine has been developed from the start with the intention of achieving emission control 

regulation, beginning with IIIA approval, which has already been granted.  Further development for this engine is 

designed to achieve compliance with EU-IIIB and US-EPA Tier 3 and 4.  The cost of R&D for this engine will not 

be considered as there were no separate R&D activities carried out specifically to upgrade the engine from the 

previous version to meet IIIB emission control limits.  
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5.2.2 Engine Internal measure cost 
This engine has been developed recently and the manufacturer’s programme of R&D has included both engine 

performance and the achievement of EU IIIA, EU IIIB, US-EPA Tier 3 and 4 emission control levels.  Therefore, 

the new engine design can be seen to include integral features which are designed to deal with emission 

reduction at source and which are therefore not separable from the original engine R&D cost, which will be 

amortized on the sale price of the engine over a period of time. 

5.2.3 Engine aftertreatment fixed cost 
There are four versions of rail engine produced by CAT.  Engines satisfying EU-IIIA and USA-EPA Tier 3 are 

currently in serial production.  Engines to achieve EU-IIIB and US-EPA Tier 4 are being developed for 2012 and 

2016 production respectively. 

5.2.4 Engine aftertreatment variable cost 
The locomotive supplier has identified the following elements of maintenance that they consider necessary for 

IIIB-compliant engine compared with previous IIIA engines: 

• Unlike the use of muffler, which was maintenance-free, the DPF has to be cleaned periodically to remove 

the inert ashes which are trapped in the filter and which clog the DPF progressively during operation. 

• The DOC elements have to be replaced every 12000 hours, as they are essential for the passive 

regeneration of the filter to keep it free from clogging, a condition which would lead to more serious 

consequences. 

• The standard ash cleaning interval of the DPF is 3000 hours. However, recent experience with other CAT 

engines (i.e. the 3500B) showed improved life of 4000 hours (reference CLD-SNC-001-03 D4-7-2). 

• The EGR system will have the same maintenance schedule as the turbochargers 

• New fuel and lubricating oil specifications are required. Oil changes are recommended at intervals of 

1000h, with more frequent sampling until sufficient operating experience has been gained which may 

justify less frequent intervention. 
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5.2.5 Heavy Haul Locomotive Integration cost 
 

The cost incurred at this stage of installing the new engine, with its supporting systems can be considered as the 

cost of a practical exercise to repower the vehicle with new IIIB engine. The locomotive modifications have been 

identified as follows: 

 ♦ Loco roof modification 

 ♦ Radiator replacement 

 ♦ Turbo interfacing modification 

These costs can be classified as the cost of repowering the locomotive and they will be added to the cost of the 

project per vehicle. 

 

There is one off cost for the locomotive owner to prove the type of the installation of the first (prototype) vehicle 

and to validate the engine performance and compliance with all regulations, which can typically be satisfied by 

carrying out the following tests:  

• Noise tests.  

• Vibration tests.  

• Cooling tests.  

• Thermal tests.  

• Exhaust backpressure and DPF validation tests.  

• Fuel consumption measurements.  
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6. EMISSION CONTROL OF LIGHT WEIGHT LOCOMOTIVES  

 

The German rail main operator (DB AG) has made one of their old locomotives (BR225) available for testing with 

the new version of the MTU 4000.  This engine, the “12V4000R84”,has been developed to meet IIIB emission 

regulations.   The exercise is peculiar to CleanER-D project as this locomotive class is unlikely to be re-powered 

according to DB’s current strategy, but it does represent a practical example of re-powering an old loco with new, 

upgraded engine in order to comply with the latest emission legislation while offering the advantage of higher 

thermal efficiency over the old engine.  The French main rail operator (SNFC) is an active member of this 

subproject (SP4), and they will provide invaluable service experience with a DPF system which has been fitted to 

another MTU engine which has been in service for some time.  Voith AG will support the group with new cooling 

system. 

6.1 TECHNICAL CONSIDERATIONS 

SP4 has already published many deliverables within the CleanER-D domain about the specifications of this 

engine, its development to achieve IIIB emission levels and its  integration into the locomotive.  As with the other 

two operative sub-projects, SP2 and SP3, it has not been possible to disclose full commercially sensitive 

information but Table 19 shows the technical details of the engine used in SP4, as available from public domain 

sales literature. 

MTU Sales Program 
Rail - Edition 2/10 Rated Power 1800  KWb 
 Speed 1800 RPM 
12V4000R43L Fuel Consumption 210 g/KWh 
Current Product IIIA  455.4 Lt/h 
  120.3 Gal/h 
    
12V4000R84 Fuel Consumption 205 g/KWh 
Available 2012 EUIIIB  444.6 Lt/h 
  117.5 Gal/h 

Table 19 MTU 12V4000 Engine Sales data for IIIA and  IIIB emission control compliance 
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6.1.1 Emission Reduction by Internal Measures 

The engine base design has been changed to achieve emission levels stipulated by stage IIIB and, at the same 

time, combustion has been optimised to claw back any consequential deficit in fuel consumption by enhancing 

fuel injection, air charging, mixing and burning.  The following internal measures have been used by MTU to meet 

Stage IIIB emission levels: 

a. EGR 

b. Replacement of the old turbochargers with a 2-stage design. 

c. Replacement of the old fuel injection system with a HPCR-FI system  

d. Replacement of the old control system with a new one 

e. Additional instrumentation to monitor and control PDF operation 

f. Increased maximum cylinder pressure capability to 230 bar to enhance SFC 

6.1.2 Emission Reduction by after-treatment technol ogies 

A passive DPF has been chosen by MTU to control PM emission to IIIB.  SNCF shunting locomotive BB69419 

has been equipped with a 12V 4000 UIC II engine from MTU plus a HUG particulate filter and a burner. 

6.1.3 Engine-Vehicle Integration Considerations 

As the new engine delivers a higher power to weight ratio than the engine it replaced, a weight saving of about 

200 Kg has been achieved with only a minor increase in volume.  It should be noted that this is not a direct 

comparison for back to back change, but re-powering might be an opportunity to balance some of the costs 

associated with the introduction of Stage IIIB. 

6.1.4 Technical Advantages of IIIB Engine 

• It is claimed that the fuel consumption of the IIIB compliant engine would be similar to, if not better than, 
that of the IIIA.  It is hoped that this will be verified during the line-trial test, as it is expected from 
laboratory tests that the IIIB version sfc will be lower than IIIA by 2-4% . 

• No change to fuel or oil spec from IIIA to IIIB 
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• No consumable media (e.g. Urea) is required by SCR to reduce  NOx 

• Exhaust temperatures for the IIIB are expected to be lower than for the IIIA 

6.1.5 Technical Disadvantages of IIIB Engine 

• Radiator size is increased by 17% 

• Package Mass is increased by 12%  

• Other issues with the DPF (backpressure, temperature, noise, vibration etc) and maintenance will be 

assessed in trial test. 

 

6.2 COST ELEMENTS CONSIDERATION 

6.2.1 Engine Research and Development Cost 

 

The actual cost of the MTU research and development work in this exercise is not available in Euros. However, it 

is clear that 2 years of R&D will have involved a significant cost in the following areas: 

6.2.2 Engine Internal measure cost 

The internal changes are modifications of the original components that influenced NOx emission levels.  The new 

piston, turbochargers etc are considered to be general design enhancements that will not add significantly to the 

first cost of the engine. 

6.2.3 Engine after-treatment fixed cost 

The most significant cost is the addition of the DPF to the engine.  This is estimated to have added 10% to the 

total first cost of the engine. 
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6.2.4 Engine after-treatment variable cost 

The SNCF experience of the using DPF on re-powered locomotive has added invaluable experience both to sub-

project SP4 and to CleanER-D project as a whole.  This experience will be useful to achieve the particulate 

matter emission levels required by the IIIB emission control, as this SNCF locomotive still has UIC-II NOx level. 

The SNCF loco with the DPF installed on the new MTU engine was first examined on 21/09/2009, after 4850 

working hours.  The locomotive is used by SNCF for freight applications and has achieved similar availability and 

reliability to the rest of the fleet, which have not had DPF fitted.  The DPF and general engine examination tool 

place while the loco was at the workshop for its regular maintenance.  During this inspection, limited access was 

available to the internal parts (filter and burners) due to the limited time allowed.  The DPF had been cleaned two 

years prior to this inspection, at 2000 hours, in accordance with the MTU recommendation to clean the filter every 

2000 hours. The inspection at this stage has shown service issues of sealing, cracking and thermal distortion due 

to the high level of temperature and vibration. The filter elements were visually inspected and it was found that 

seven out of the total of 28 elements exhibited small cracks but these have not penetrated through the section 

because there was no leak of the exhaust gases. 

More detailed information was not available in time for this interim report and further details will be available for 

the final version of the deliverable when the forthcoming deliverables from SP4 becomes available (such as 

D4.7.3 “Inspection of DPF-system after field test” and D4.7.4 “Evaluation of field test”. 

 

 

6.2.5 Locomotive Integration cost 

 

A forty year old locomotive, BR 225 008-2 has been repowered with stage IIIB MTU Engine. The locomotive is 

typical vehicle which was not previously compliant with any exhaust emission control regulation. The locomotive 

is used for mainline freight applications and is considered to be a lightweight locomotive due its low axle loading.  

As a result of the integration of the new engine in the old locomotive, the following modifications became 

necessary: 
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1. Engine power and speed arranged to suit the existing alternator  (A gearbox was incorporated to reduce 

engine speed) 

2. Engine mounting to the existing locomotive structure 

3. Locomotive cooling system enhanced to suit engine cooling requirement 

4. Modification to accommodate the DPF, which has replaced the old silencer 

5. A modification to the roof of the loco structure 

6. Despite the weight increase, the locomotive continues to operate within German structure gauge (G2) 

7. No burner system is now required as this earlier solution has now been ruled out by MTU 

8. Remote data transmission by radio system for MTU to monitor the data on-line. 

9. Exhaust emission measuring equipment to provide continuous monitoring 

 
This project is considered to be a typical re-powering exercise to replace an old engine thereby 

extending the life of a 40 year old locomotive, this time with the latest emission compliance.  Apart from 

the last two items of the above list of activities, which are considered extra tasks for R&D monitoring of a 

prototype engine, the rest are a normal re-powering exercise.  The cost of this exercise can also 

considered typical for accommodating a modern engine.  The specific parts of tasks relating to IIIB 

compliance are mainly to do with accommodating the DPF and replacing the radiator with larger size to 

cope with the engine heat rejection requirement. 

 

The second experience of re-powering was carried out in collaboration with SNCF, where a 30 years old 

freight loco (BB66000/66400) with an MGO 16V engine was re-powered prior to the start of CleanER-D 

project, with DPF being added at later stage.  The loco was re-powered in 2002 by MTU 12V4000-R41 

with UIC-II emission compliance.  Limited numbers of DPF units added on the re-powered loco at later 

dates in 2006 and 2007 to gather some experience for filtering PM in preparation for stage IIIB.  

Although the DPF were considered to be in their prototype design status, the loco has been running 

successfully since they were fitted.  MTU and SNCF are using the feedback from service about the 

functionality and integrity of the new system and this will help in producing second issue with enhanced 

performance. 
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7. COST BENEFIT ANALYSIS  

 

7.1 CLEANER-D FLEET ACTIVITY SCENARIOS 

As the LCC is more appropriate to be carried out for 20 years through life, these emission inventory rates of 

change have to be extended to 2030 to cover 20 years of benefit gained by this emission reduction.  The 

assumption made to keep the total number of the fleet constant between 2020 and 2030, as there is no indication 

available from the main stakeholder in the industry to suggest otherwise.  The new extended scenarios are based 

on replacement of older engine (pre- and UICII) with IIIB engines to keep the total constant.  The following three 

scenarios (2010-2030) have been developed by SP5 team by extending the original scenarios (2008-2020) of 

SP5.1. 

Scenario I was applicable to both loco and DMU A&B original scenarios by keeping the same rate of change to 

continue to 2030, to make three new cases. 

Scenario II was also applicable to locos and DMU (A&B) original scenarios but after 2020, the rate of replacement 

of the locomotive fleet is higher than pre 2020 whilst DMU rate kept the same. 

The above scenarios are shown below in Figure 3 and 4 for DMU and locomotive respectively. 
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Figure 3 CleanER-D SP5.1 scenarios extended to 2030  for DMU fleets of different engine emission contro l  
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Figure 4 CleanER-D scenarios extended to 2030 for l ocomotive fleets of different engine emission contr ol 

 

 

The figures above show clearly two distinct zones for pre-2020 and post-2020 and this will reflect on the emission 

reduction of NOx and PM accordingly.  The two slop curves will have influencing trend effect on the cost-benefit 

analysis. The external cost factors will be applied in the calculation of the benefit figures for DMU railcars and 

diesel locomotive applications.  The benefit calculation was based on the datum external cost in 2008, and then 

applying inflation 2% per annum to work out the real benefit to year 2010.  The calculation criteria will assume 

zero benefit in the datum year of 2010 and accumulated benefits have been added up for year by year afterwards 

to end of LCC model year of 2030.   
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The newly developed scenarios from the SP5.1 work is based on fixing the total number of the fleet in EU zone to 

constant to carry on from 2020 to 2030.  In absence of real business projection this assumption is reasonable to 

take.  The projection for the fleet status beyond 2020 can be either taking as linearly reflecting the same rate 

change applied on the scenario developed in SP5.1 or make the rate lower of higher, depending on the need to 

re-power older engine and the incentive (if any) available for the rail operators to switch to IIIB engines.  The 

trend will always yield lower engine of old high emission producers replaced with new low emission producers.  

It was envisaged by the study carried out by SP5.1 that the number of vehicle of DMU application will be 

increasing, whilst the number of vehicle of locomotives are shrinking, which is based on the demand and 

utilisation of the operation seen different between the two applications. As for the DMU fleet after 2020, the total 

number is be changing by adding the same rate of new vehicles entering the fleet as it was assumed to be in the 

original scenarios of SP5,1, prior to 2020.  One possibility of getting the number of locomotives reduced in the 

same rate as prior to 2020 but the evidence are not available to support this argument. 

 

7.2 CLEANER-D EMISSION INVENTORY SCENARIOS 

 

The fleets activities developed by the scenario in previous section, have been used to predict the emission 

reduction from the research work carried out by SP5.1 team and presented in details in report deliverable D5.1.  

The method of estimating the emission inventory are explained in report D5.1, which is based on top down 

method from the total fuel consumption of the fleet and the estimate of the mileage and energy used by the trains 

in DMU and LOCO sectors.  The mileage and fuel consumption are kept constant after 2020 (fuel is being 

assumed constant throughout all years, mileage for locos going up only until 2020, after this point it was assumed 

to be kept  constant). It is an assumption or precondition of the scenarios that has been imposed to keep it this 

way as there is no feedback from the real operations provided at this stage to suggest otherwise. The UIC 

Environmental and Sustainability strategy expects a decrease of diesel fuel consumption on single vehicle level 

(for new vehicles) by 5% until 2030 from more efficient engines.  However the total mileage will go further 

up because it has been assumed that the new DMUs (with stage IIIB engines) perform higher annual mileages 

than the old UIC II and older vehicles which are going to be phased out of the fleet. 
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The emission reduction trends in the DMU sector are shown in figure 5 and 6 for NOx and PM 

respectively.  The two scenarios developed here of I and II have been applied to the original A and B 

scenarios developed by SP5.1, which now yield four options as shown in these figures. 
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Figure 5 NOx Emission reduction scenarios due to EU  DMU fleet activities 
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Figure 6 PM Emission reduction scenarios due to EU DMU fleet activities 

 

 

Similarly, the emission reduction trends in the locomotive sector are shown in figure 7 and 8 for NOx 

and PM respectively.  The two scenarios developed here are: 

Scenario I: for the continuation of SP5.1 Loco scenario for the fleet development and  

Scenario II: for faster replacement of older engine with new engine with stage IIIB engines. 
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Figure 7 NOx Emission reduction scenarios due to EU  Locomotives fleet activities 
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Figure 8 PM Emission reduction scenarios due to EU Locomotives fleet activities  

 

7.3 COST OF ENGINES REPLACEMENT  

7.3.1 Diesel Engines First Costs 

The first costs of engines are commercially sensitive and partners are, understandably, unable to declare this 

information in a public domain document such as this deliverable.  For the purposes of this project, figures for 

typical first costs of DMU engines have been based on prices of engine from the automotive industry.  The high 

power end of the automotive engine prices are governed by volume industry, which somehow similar to the DMU 

but very different from the large engines (above 560 kW) used on locomotive.  The DMU prices were more or less 

obtained by prorate price changes, but locomotive engine was done non-linearly, as these are produced with high 

cost and low volumes production.  These prices have been obtained with some help from the SP5 team 

experience for engines and these are shown in Table 20. 
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Engine Power 

kW 

Price Euro per kW at Emission stage  

UIC-II IIIA IIIB with DPF  IIIB with SCR  

280 €80 €100 €130 €150 

560 €80 €110 €140 €170 

1000 €90 €110 €130 €190 

1500 €90 €110 €130 €220 

2000 €130 €160 €220 €270 

2500 €140 €180 €240 €300 

3000 €150 €200 €260 €330 

Table 20 Price per kilowatt of diesel engines at di fferent power and emission control 

The initial costs shown above have been compared with the running cost of these engines over 20 years for 

single engine considerations.  The  initial cost of engine compared to the whole life cycle cost over 20 years 

running (LCC) have been found to represent only a small percentages. 

7.3.2 Cost elements Sensitivity for LCC Assessment 

The cost fuel has been found to be the dominating element in the LCC assessment of both DMU and Loco sectors.  

The prices of fuel and oil are mainly governed by the world crude prices and the tax of the EU member countries. The 

rate of inflation and the cost of processing fuel and logistic are also important.   These topics have been researched in 

details and shown in Appendix 1 to cover the world crude prices, EU member countries taxes and inflation indices to 

come up with an average values to test the sensitivity of the LCC and cost-benefit assessment.  The assumptions 

made for the fuel prices to increase in two folds and have been implemented to obtain the fuel as follows: 

a. Crude oil price scenario: Fuel prices will increase by 50% in 2020 and by 100% in 2030 

b. Margin and tax increased in accordance with HICP rates of 2%, 3% and 4%. 

c. The rail operators are charged with pre-tax fuel cost, which is mainly applicable to most of the EU member 

countries, except some like Germany. 
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The data shown in Appendix 1 (tables 10.1.3, 10.1.4 and 10.1.5) show the EU average fuel price in 2012, 2020 

and 2030 for each table at 2%, 3% and 4% inflation rates respectively.  With both crude world market increase 

and inflation for the sensitivity prices of fuel, the cost before tax of €0.78, €1.12 and €1.64 have been selected for 

the sensitivity analysis of the LCC and the cost benefit analysis.  The costs of other consumable fluids have also 

been increased but not in line with exact changes to the crude as with the cost of fuel.  Table 31 shows the cost 

differences for these three cases considered in the assessment for the four main fluid consumables. 

Prices of consumable 

fluids per Litre  

Fuel  Lube Oil  Coolan t Urea 

Low Price s (pre-tax cost 

of averaged EU for 2012) 

€0,78 €1.50 €0.30 €0.40 

Med Price s (pre-tax cost 

predicted for EU at 2020)  

€1.12 €2.0 €0.40 €0.50 

High Price (pre -tax cost 

predicted for EU at 2030)  

€1.64 €2.50 €0.50 €0.60 

Table 21 Price Variations for engine main consumabl es fluid considered for the LCC assessment 

 

7.3.3 Life Cycle Cost of engine replacement for emi ssion reduction 

Engine life cycle cost (LCC) model has been developed by the author to work out the cost from the initial first cost 

of replacement and the major elements of the running cost of engines in service for 20 years.  The LCC analysis 

has been carried out for the consideration of comparison between different engine types intended for the same 

application but with different emission control specifications i.e. UIC-II, IIIA and IIIB (with different emission 

reduction technologies).  The assessment was carried out separately for the DMU and locomotive engines in 

comparison of cost to replace older version with new ones. The comparative costs have been worked out for 

replacing old UIC engines with new engines of IIIA or IIIB (with different combination of emission reduction 

aftertreatment equipments used). 



 

 

EC Contract No. FP7 - 234338  

 

 

CLD–D-IZT–010-04 Page 69 of 89 29/05/2013 

 

ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLU TE PERCENT

Through Life Fuel Cost / DMU €84,578 3.1% € 58,148 2.1% -€ 8,458 -0.3% -€ 31,717 -1.2%

Through Life Lubricating Oil Cost /DMU €750 2.3% € 516 1.6% -€ 75 -0.2% -€ 281 -0.9%

Through Life UREA Cost / DMU €0 € 0 € 31,669 € 31,397

Through Life Coolant Cost / DMU €54 1.4% € 37 1.0% -€ 5 -0.1% -€ 20 -0.5%

Through Life aftertreatment only maintenance Cost €0 € 113,333 € 163,667 € 50,333

Through Life engine (no aftertreatment) maintenance  Cost €24,000 2.8% € 76,000 9.0% € 76,000 9.0% € 76,000 9.0%

Total Through Life Cost / DMU €109,382 3.0% € 248,034 6.9% € 262,798 7.3% € 125,712 3.5%

Delta cost of engines tp UIC-II €12,000 25.0% € 30,000 62.5% € 42,000 87.5% € 30,000 62.5%

Total LCC including the first cost of engine €121,382 € 278,034 € 304,798 € 155,712

Hourly Operating based on running costs / DMU €1 € 3 € 4 € 2

Overhaul cost and relative to engine first cost €3,000 € 17,000 € 18,500 € 5,500

Yearly average LCC based on constant cost per year €6,069 3.3% € 13,902 7.6% € 15,240 8.4% € 7,786 4.3%

COST INCREASE OVER UIC-II ENGINES IN DMU APPLICATIO NS
IIIB With SCR OnlyIIIB With SCR + DPF

THROUGH LCC MAIN ELEMENTS
IIIA IIIB with EGR + DPF

 

Table 22 Summary of LCC with different emission spe cifications engines based on low cost fuel – DMUs 

ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLU TE PERCENT

Through Life Fuel Cost / DMU €121,446 3.1% € 83,494 2.1% -€ 12,145 -0.3% -€ 45,542 -1.2%

Through Life Lubricating Oil Cost /DMU €1,000 2.3% € 688 1.6% -€ 100 -0.2% -€ 375 -0.9%

Through Life UREA Cost / DMU €0 € 0 € 39,587 € 39,246

Through Life Coolant Cost / DMU €72 1.4% € 50 1.0% -€ 7 -0.1% -€ 27 -0.5%

Through Life aftertreatment only maintenance Cost €0 € 113,333 € 163,667 € 50,333

Through Life engine (no aftertreatment) maintenance  Cost €24,000 2.8% € 76,000 9.0% € 76,000 9.0% € 76,000 9.0%

Total Through Life Cost / DMU €146,518 3.1% € 273,564 5.7% € 267,001 5.6% € 119,635 2.5%

Delta cost of engines tp UIC-II €12,000 25.0% € 30,000 62.5% € 42,000 87.5% € 30,000 62.5%

Total LCC including the first cost of engine €158,518 € 303,564 € 309,001 € 149,635

Hourly Operating based on running costs / DMU €2 € 4 € 4 € 2

Overhaul cost and relative to engine first cost €3,000 € 17,000 € 18,500 € 5,500

Yearly average LCC based on constant cost per year €7,926 3.3% € 15,178 6.3% € 15,450 6.4% € 7,482 3.1%

COST INCREASE OVER UIC-II ENGINES IN DMU APPLICATIO NS
IIIB With SCR + DPF

THROUGH LCC MAIN ELEMENTS
IIIA IIIB with EGR + DPF IIIB With SCR Only

 

Table 23 Summary of LCC with different emission spe cifications engines based on Med cost fuel - DMUs.  

ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLU TE PERCENT

Through Life Fuel Cost / DMU €177,831 3.1% € 122,259 2.1% -€ 17,783 -0.3% -€ 66,687 -1.2%

Through Life Lubricating Oil Cost /DMU €1,250 2.3% € 859 1.6% -€ 125 -0.2% -€ 469 -0.9%

Through Life UREA Cost / DMU €0 € 0 € 47,504 € 47,095

Through Life Coolant Cost / DMU €90 1.4% € 62 1.0% -€ 9 -0.1% -€ 34 -0.5%

Through Life aftertreatment only maintenance Cost €0 € 113,333 € 163,667 € 50,333

Through Life engine (no aftertreatment) maintenance  Cost €24,000 2.8% € 76,000 9.0% € 76,000 9.0% € 76,000 9.0%

Total Through Life Cost / DMU €203,171 3.1% € 312,514 4.7% € 269,253 4.1% € 106,239 1.6%

Delta cost of engines tp UIC-II €12,000 25.0% € 30,000 62.5% € 42,000 87.5% € 30,000 62.5%

Total LCC including the first cost of engine €215,171 € 342,514 € 311,253 € 136,239

Hourly Operating based on running costs / DMU €3 € 4 € 4 € 1

Overhaul cost and relative to engine first cost €3,000 € 17,000 € 18,500 € 5,500

Yearly average LCC based on constant cost per year €10,759 3.2% € 17,126 5.1% € 15,563 4.7% € 6,812 2.0%

COST INCREASE OVER UIC-II ENGINES IN DMU APPLICATIO NS
IIIB With SCR + DPF

THROUGH LCC MAIN ELEMENTS
IIIA IIIB with EGR + DPF IIIB With SCR Only

 

Table 24 Summary of LCC with different emission spe cifications engines based on High cost fuel - DMUs.  
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ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT

Through Life Fuel Cost / Locomotive €286,627 4.7% € 70,482 1.2% € 0 0.0%

Through Life Lubricating Oil Cost / Locomotive €2,542 3.5% € 625 0.9% € 0 0.0%

Through Life UREA Cost / Locomotive € 70,844

Through Life Coolant Cost / Locomotive €183 2.2% € 45 0.6% € 0 0.0%

Through Life aftertreatment only maintenance Cost € 200,778 € 261,556

Through Life engine (no aftertreatment) maintenance  Cost €85,500 9.3% € 180,000 19.6% € 173,000 18.8%

Total Through Life Cost / Locomotive €374,851 5.3% € 451,930 6.4% € 505,400 7.2%

Delta cost of engines to UIC-II €60,000 23.1% € 180,000 69.2% € 280,000 107.7%

Total LCC including the first cost of engine €434,851 6.0% € 631,930 8.7% € 785,400 10.8%

Hourly Operating based on running costs / Locomotiv e €7 5.3% € 9 6.4% € 10 7.2%

Overhaul cost and relative to engine first cost €15,000 17.6% € 193,000 227.1% € 196,000 230.6%

Yearly average LCC based on constant cost per year €18,743 5.3% € 22,596 6.4% € 25,270 7.2%

IIIA IIIB EGR+DPF IIIB DPF+SCR

AVERAGE COST INCREASE OVER UIC-II ENGINES IN LOCOMO TIVE APPLICATIONS

THROUGH LCC MAIN ELEMENTS

 

Table 25 Summary of LCC with different emission spe cifications engines based on low cost fuel - Locos.  

ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT

Through Life Fuel Cost / Locomotive €411,566 4.7% € 101,205 1.2% € 0 0.0%

Through Life Lubricating Oil Cost / Locomotive €3,389 3.5% € 833 0.9% € 0 0.0%

Through Life UREA Cost / Locomotive € 88,555

Through Life Coolant Cost / Locomotive €244 2.2% € 60 0.6% € 0 0.0%

Through Life aftertreatment only maintenance Cost € 200,778 € 261,556

Through Life engine (no aftertreatment) maintenance  Cost €85,500 9.3% € 180,000 19.6% € 173,000 18.8%

Total Through Life Cost / Locomotive €500,699 5.2% € 482,876 5.0% € 523,111 5.4%

Delta cost of engines to UIC-II €60,000 23.1% € 180,000 69.2% € 280,000 107.7%

Total LCC including the first cost of engine €560,699 5.6% € 662,876 6.6% € 803,111 8.1%

Hourly Operating based on running costs / Locomotiv e €10 5.2% € 10 5.0% € 10 5.4%

Overhaul cost and relative to engine first cost €15,000 17.6% € 193,000 227.1% € 196,000 230.6%

Yearly average LCC based on constant cost per year €25,035 5.2% € 24,144 5.0% € 26,156 5.4%

IIIA IIIB EGR+DPF IIIB DPF+SCR

AVERAGE COST INCREASE OVER UIC-II ENGINES IN LOCOMO TIVE APPLICATIONS

THROUGH LCC MAIN ELEMENTS

 

Table 26 Summary of LCC with different emission spe cifications engines based on Med cost fuel – Locos 
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ABSOLUTE PERCENT ABSOLUTE PERCENT ABSOLUTE PERCENT

Through Life Fuel Cost / Locomotive €602,651 4.7% € 148,193 1.2% € 0 0.0%

Through Life Lubricating Oil Cost / Locomotive €4,236 3.5% € 1,042 0.9% € 0 0.0%

Through Life UREA Cost / Locomotive € 106,266

Through Life Coolant Cost / Locomotive €305 2.2% € 75 0.6% € 0 0.0%

Through Life aftertreatment only maintenance Cost € 200,778 € 261,556

Through Life engine (no aftertreatment) maintenance  Cost €85,500 9.3% € 180,000 19.6% € 173,000 18.8%

Total Through Life Cost / Locomotive €692,692 5.0% € 530,087 3.9% € 540,822 3.9%

Delta cost of engines to UIC-II €60,000 23.1% € 180,000 69.2% € 280,000 107.7%

Total LCC including the first cost of engine €752,692 5.4% € 710,087 5.1% € 820,822 5.9%

Hourly Operating based on running costs / Locomotiv e €14 5.0% € 11 3.9% € 11 3.9%

Overhaul cost and relative to engine first cost €15,000 17.6% € 193,000 227.1% € 196,000 230.6%

Yearly average LCC based on constant cost per year €34,635 5.0% € 26,504 3.9% € 27,041 3.9%

IIIA IIIB EGR+DPF IIIB DPF+SCR

AVERAGE COST INCREASE OVER UIC-II ENGINES IN LOCOMO TIVE APPLICATIONS

THROUGH LCC MAIN ELEMENTS

 

Table 27 Summary of LCC with different emission spe cifications engines based on High cost fuel - Locos  

 

The overall cost of replacing an engine of UIC-II emission control with a new stage IIIB engine will be calculated 

from the total cost, which include the first engine cost and the running cost element of LCC over the life 

considered of 20 years. The cost is amortised over the total LCC period linearly for simplicity.  The cost of 

inflation can be used with optional percentage of inflation rate that can be applied to the LCC model. 

Tables 22, 23 and 24 will be used to work out the cost of replacement of Locos and DMU respectively from UIC-II 

engine to newer engines with emission control of IIIA and IIIB specifications for low, medium and high cost 

options respectively. The cost will be added on year by year according to the scenario presented above.  The 

cost will simply worked out from the number of engine replaced from UIC-II with either IIIA or IIIB (according to 

the fleet scenario presented above) times the cost difference of the annual average cost of 20 years of LCC plus 

the first cost of engine, as shown in figure 38 and 39.  Similarly, table 25, 26 and 27 will be used to work out the 

cost of replacing older engine of UIC-II emission control with new engine with IIIA or IIIB engines for low, medium 

and high cost options respectively. 

 

The emission reduction technologies, which have been reviewed in deliverable D5.2.2, have been considered 

here for LCC and cost-benefit analysis.  Both DMUs and locomotive engines manufacturers (partners of this 

project) have chosen to use internal measures and aftertreatement equipments to reduce exhaust gas pollutants 
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required by stage IIIB.  The main emission reduction technologies adopted for stage IIIB and analysed for cost 

and benefit assessment are as follows: 

a. EGR plus DPF 

b. SCR plus DPF 

c. SCR only 

The engine manufacturers have enhanced the combustion to improve the fuel consumption to compensate for 

any deficiency associated with the EGR system. EGR slows down the combustion to reduce the NOx formation at 

source and this has a detrimental affect on the thermal efficiency (fuel economy).  The LCC assessment has 

shown the cost of fuel to be the main dominant factor and even with apparently expensive first cost 

aftertreatement equipments chosen to achieve stage IIIB.  

7.4 BENEFIT OF ENGINE REPLACEMENT  

The benefit of exhaust emission reduction in the DMUs and locomotives rail sector will be evaluated by 

multiplying the tons of emission reduced every year (due to old engine either phased out or replaced with new 

lower emission engine) by the external cost of emission averaged for all EU member countries.  The external 

costs obtained from the report of ARCADIS 2008 records “External Cost of Emission in Europe”.  ARCADIS raw 

data have been factored according to the geographical zone of people concentration by the work of WP5.1 team 

and their assessment expressed as final weighting factors have been used here (see table 15). 

The reductions from 2008 to 2020 for PM and NOx emissions have been estimated by the SP5.1 deliverable, 

where the EU fleet activities have been studied from a survey carried out in 2011, which have been utilised to 

predict two scenario for the DMU (A and B) and one for the locomotive fleets. The DMU fleets were found to be 

growing, whilst locomotive fleets are shrinking in time.  The locomotive fleets resulted in significant reduction in 

emission because of the reduction of activities as well as the replacement of the old one with new IIIA and IIIB 

engines.  The original scenarios of SP5.1 have been extended in this work package (WP5.3) and presented in 

figures 3 and 4.  The benefits in millions of Euros have been plotted alongside the cost in the preceding section. 



 

 

EC Contract No. FP7 - 234338  

 

 

CLD–D-IZT–010-04 Page 73 of 89 29/05/2013 

 

7.5 COST AND BENEFIT OF TOTAL EMISSION REDUCTION SCENARIOS  

 

This chapter consider the reduction in emission scenarios developed by SP5 team and presented above in this 

report, The results of total engine replacement cost each year is simply carried out by multiplying the number of 

engines replaced in that year by the averaged cost of engine replacement from old to new emission version using 

the LCC values derived from tables 22-27 DMU and locomotives with three versions of fuel prices.  

The benefits considered in this section are associated with overall reduction in emission due to replacement of 

new engine as well as the phasing out of service engines (not replaced).  The process has been carried out for 

the DMU and LOCO separately using the scenarios discussed in previous sections.  Figure 9 and 10 show the 

cost and benefit comparative assessment trend from 2010 to 2030 for low and high cost options for CleanER-D 

developed scenarios in SP5 for the total fleet diesel rail (both DMU and Locomotives) in EU countries, which 

show positive benefit gained from engine replacement as well as the phasing out of older engine. 
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Figure 9 Cost and Benefit over years for stage IIIB introduced to EU DMU fleet as per scenario 1A. 
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Figure 10 Cost and Benefit over years for stage IIIB introduced to EU DMU fleet as per scenario 1B. 
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Figure 11 Cost and Benefit over years for stage IIIB introduced to EU DMU fleet as per scenario IIA. 
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Figure 12 Cost and Benefit over years for stage IIIB introduced to EU DMU fleet as per scenario IIB. 
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Figure 13 Cost and Benefit over years for stage IIIB introduced to EU Loco fleet as per scenario I. 



 

 

EC Contract No. FP7 - 234338  

 

 

CLD–D-IZT–010-04 Page 76 of 89 29/05/2013 

 

 

€ -

€ 200.00 

€ 400.00 

€ 600.00 

€ 800.00 

€ 1,000.00 

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

M
il

li
o

n
s

Senario II LOCO CBA

Accumulative costs of NOx+PM Reduction Accumulative benefit of NOx+PM Reduction
 

Figure 14 Cost and Benefit over years for stage IIIB introduced to EU Loco fleet as per scenario II. 
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Figure 15 Cost and Benefit over years for stage IIIB introduced to EU diesel rail fleet as per scenario I. 
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Figure 16 Cost and Benefit over years for stage IIIB introduced to EU diesel rail fleet as per scenario II. 

Two scenarios have been developed by the SP5 team collective experience of the current market and projection 

of future activities to 2020 and 2030.  The detailed of these scenarios are explained above and as far as the DMU 

is concerned, sub-scenarios A and B were also considered, which make four scenarios for the DMU and two 

scenarios for the locos. 

Figures 9 to 12 show the DMU scenarios, which gives similar trend to each other and offers no benefit over on 

introducing IIIB engine till year 2020, and then more benefit than cost realised for the second decade from 2020 

to 2030.  The clear difference is seen that with scenario B, both first and second show more cost than benefit 

from now to 2020 and then switch to more benefit after 2020.  The distinct difference between the two parts of the 

graph was related to the fact that the number of DMU kept on the increase year by year, which gives rise to the 

total emission generated by the total fleet.  The total then fixed from 2020 to 2030 and this has then started to 

show benefit as the emission will be decreasing due to replacement of oldr engine with IIIB engine. 

Figures 13 and 14 show the cost - benefit variation in time with respect to the locomotive fleets in EU for scenario 

1 and 2 respectively.  The main trend of the loco fleet with reduction in the fleet which has given always positive 

benefit gained.  The trend has two distinct trend bpre-2020, which is steeper increase in benefit and post-2020, 
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which is slower increase in benefit.  This difference because the number of loco putting out of service has been 

stopped from 2020 onwards.  

Figures 15 and 16 show the total diesel rail fleet cost and benefit variation including both DMU and locos by the 

two scenario considered in this assessment.  Both scenarios show positive gain in the benefits of reducing NOx 

and PM emission with two sensitivity options of prices for low cost and high cost.  The trend in benefit shows two 

distinct slops.  The first ten years (2010-2020) show faster increase rate of change compared with the second 

part (2020-2030).  This difference reflects the decreasing nature scenario of the fleet activity in the locomotive 

sector, which attract benefit in emission reduction due to phasing out of old (polluting) locos, rather than due to 

direct switching of replacement with IIIB.  The total number was decreasing for the locomotives from 2010 to 2020 

and then stopped from loosing further units, i.e. kept constant total in the second decade of the considered time.  

The influence of the locomotive fleet variation (phasing out) has made the most significant contribution on the 

benefit gained due to the lowering in the emission.  The figures of benefit are inflated due to the reduction of loco 

fleets rather than purely due to the new stage IIIB emission control introduction, which will be discussed in the 

next section. 

 

7.6 COST AND BENEFIT OF IIIA-IIIB  ENGINES REPLACEMENTS  

 

This chapter consider the reduction in emission scenarios due to the replacement of UICII engine with IIIA and 

IIIB low emission engines.  Within SP5 team, the deliverable D5-3-3 presented the total emission reduction with 

and without IIIA/IIIB.  The difference between these two emission quantities are more representative of the real 

benefit this directive has impacted due to the introduction of stage IIIA and IIIB relative to the old regulations of 

UICII.  

The assessment carried out by this section focuses on the compatible cost and benefit of replacing the high 

emission engine (represented by UIC-II and older), replacement with new (low emission represented by IIIB).  

The cost of replacement was focused on the engine only rather than the whole vehicle integrated system 

changes, as this type of cost is considered to be the same for replacing old with new engine.  It is therefore worth 
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stressing that the figures do not represent the costs of installation, re-powering or new business commercial 

assessment.  The project of re-powering, change or new business will be left to the normal practice of vehicle 

business assessment and assumed to be similar in terms of system integration cost, which is not considered by 

this analysis. 

The specific cost-benefit of introducing emission reduction as per IIIA and IIIB are shown in figure 17, 18 and 19 

for the DMU’s, the locos and the total diesel rail respectively.  The net benefits are shown be positive if the cost 

are caped with current prices of fuel and current inflation levels. When averaged across all EU27 countries 

covering summation of DMU and LOCO the benefit, will grow from a minimum €150M in 2020 to around average 

of €370M in 2030.  The cost (based on current low prices) grows gradually to €70M in 2020 to €160 in 2030.  

However for the high cost basis of fuel prices and high inflation index, figure 19 shows negative gain as the cost 

exceed the benefit by substantial amount. The benefit of emission reduction is mainly coming from the reduction 

of locomotive in service.  The cost can exceed the benefit if the price of fuel increased in line with the international 

prediction of international crude oil prices. The low and high costs are relating mainly to the fuel prices increases 

in the future and the inflation as well, detailed of the mechanism are shown in Appendix 10.1. 

Cost & Benefit of introducing emission stage IIIA/IIIB in EU DMU Sector 
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Figure 17 Cost - Benefit analysis of introducing emission control of stage IIIA/IIIB in EU DMU sector 



 

 

EC Contract No. FP7 - 234338  

 

 

CLD–D-IZT–010-04 Page 80 of 89 29/05/2013 

 

Cost & Benefit of introducing emission stage IIIA/IIIB in EU Locomotive sector
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Figure 18 Cost - Benefit analysis of introducing emission control of stage IIIA/IIIB in EU Locomotive sector 
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Figure 19 Cost - Benefit analysis of introducing emission control of stage IIIA/IIIB in EU diesel rail sector 
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8. CONSIDERATIONS FOR THE NEXT DELIVERABLE  

 

This deliverable is an interim version.  The next version will be final and will include the following extra topics: 

• Cost benefit analysis of SP6 

• Cost benefit analysis of SP7 

• Lower emission in future beyond stage IIIB 

• Literature survey of environment reduction in EU and others 

• Worldwide review of emission legislation in the Transport sector 
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10. APPENDECES 

 

 

 

 

10.1 PRICES SENSITIVITY CONSIDERATION 
 

10.1.1 EU Zone Inflation Rate 
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The harmonised indices of consumer prices (HICP) rate of inflation in EU zone have been downloaded from the 

EU official website on European statistics and shown in table 10.1.1.  The link for details is 

http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/. The table shows the HICP rates for all EU countries 

as well as USA and Japan for comparison.  The EU linear average across the zone for year 2011 shows an index 

of 3.1%. The economic situation in EU and world wide is dominated by sovereign debts with a special focus on 

the Euro and the EU zone economy, which will be make direct effect on the inflation rate for the coming decades.  

The linear average in EU for the last ten years shows an index of 2.27%, which is lower than the 2011 figure.  

The consensuses of most EU economists predicts higher inflation will be allowed to move the economy before a 

monitoring policy applied to reduced the inflation to last decade average figures.  It has therefore be decided to 

try three inflation rates for the LCC analysis for low, medium and high scenarios to apply 2%, 3% and 4% 

respectively to the yearly changes in the cost of keeping a rail diesel engine running in rail vehicle. 

 

10.1.2 EU Zone Diesel Fuel Cost 

The diesel fuel costs in EU zone are shown in table 10.1.2.  The data are taken from the EU Energy official 

website http://www.energy.eu. The breakdown of the prices has shown the following main elements to make up 

the price for companies and consumers: 

 

• FOB is (Free-On-Board or Freight On-Board) price which is the cost of crude oil per Litre. 

• Margin is the industry cost for refining, transport, insurance, stocking, and distribution to filling depots or 

stations. 

• Excise Duty is government tax 

• VAT are the value-added-tax on consumer for the retail purposes 

 

The rail operator companies in the EU zones are not paying VAT on their diesel fuel purchases and some 

countries consider rail operation included in the tax exemption on fuel, for example “Red Diesel” distinguished 
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from the retail normal diesel, in the UK for non-mobile machineries, so rail operators purchase diesel fuel at tax-

free cost. 

 

 

10.1.3 World Crude Oil Prices 

The price of diesel fuel influenced by the fluctuation of the crude oil prices, which is governed mainly by the 

market forces of supply and demand.  Figure 10.1.2 shows the world crude oil prices over the last ten years.  The 

figure shows the variations of prices of many type of crude oil are produced around the world, but they tend to 

move together due to the global integration of the oil market world-wide.  The data are supplied by the official 

website of EIA (the USA Energy Information Administration).  

The EIA estimates the world conventional crude reserve to peak around the middle of the current 

century (around 2050), if demands have been kept on its current rate. The world will not run out of crude 

oil then, but it will inevitably become very expensive (if no low-cost alternative found) because of 

unconventional (expensive) methods of productions have to be used for extraction.   According to this 

study the crude prices will mainly governed by demand rate, unless major disruption at the oil sources 

countries are disturbed by act of war or natural disasters.   
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Geo/Time 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

European Union 1.3 1.2 1.9 2.2 2.1 2 2 2.2 2.2 2.3 3.7 1 2.1 3.1 2.27
Belgium 0.9 1.1 2.7 2.4 1.6 1.5 1.9 2.5 2.3 1.8 4.5 0 2.3 3.5 2.19
Bulgaria 19 2.6 10 7.4 5.8 2.3 6.1 6 7.4 7.6 12 2.5 3 3.4 5.61
Czech Republic 9.7 1.8 3.9 4.5 1.4 -0.1 2.6 1.6 2.1 3 6.3 0.6 1.2 2.1 2.08
Denmark 1.3 2.1 2.7 2.3 2.4 2 0.9 1.7 1.9 1.7 3.6 1.1 2.2 2.7 2.02
Germany 0.6 0.6 1.4 1.9 1.4 1 1.8 1.9 1.8 2.3 2.8 0.2 1.2 2.5 1.69
Estonia 8.8 3.1 3.9 5.6 3.6 1.4 3 4.1 4.4 6.7 11 0.2 2.7 5.1 4.18
Ireland 2.1 2.5 5.3 4 4.7 4 2.3 2.2 2.7 2.9 3.1 -1.7 -1.6 : 2.07
Greece 4.5 2.1 2.9 3.7 3.9 3.4 3 3.5 3.3 3 4.2 1.3 4.7 3.1 3.34
Spain 1.8 2.2 3.5 2.8 3.6 3.1 3.1 3.4 3.6 2.8 4.1 -0.2 2 3.1 2.86
France 0.7 0.6 1.8 1.8 1.9 2.2 2.3 1.9 1.9 1.6 3.2 0.1 1.7 2.3 1.91
Italy 2 1.7 2.6 2.3 2.6 2.8 2.3 2.2 2.2 2 3.5 0.8 1.6 2.9 2.29
Cyprus 2.3 1.1 4.9 2 2.8 4 1.9 2 2.2 2.2 4.4 0.2 2.6 3.5 2.58
Latvia 4.3 2.1 2.6 2.5 2 2.9 6.2 6.9 6.6 10 15 3.3 -1.2 4.2 5.63
Lithuania 5.4 1.5 1.1 1.6 0.3 -1.1 1.2 2.7 3.8 5.8 11 4.2 1.2 4.1 3.33
Luxembourg 1 1 3.8 2.4 2.1 2.5 3.2 3.8 3 2.7 4.1 0 2.8 3.7 2.79
Hungary 14 10 10 9.1 5.2 4.7 6.8 3.5 4 7.9 6 4 4.7 3.9 5.07
Malta 3.7 2.3 3 2.5 2.6 1.9 2.7 2.5 2.6 0.7 4.7 1.8 2 2.4 2.39
Netherlands 1.8 2 2.3 5.1 3.9 2.2 1.4 1.5 1.7 1.6 2.2 1 0.9 2.5 1.89
Austria 0.8 0.5 2 2.3 1.7 1.3 2 2.1 1.7 2.2 3.2 0.4 1.7 3.6 1.99
Poland 12 7.2 10 5.3 1.9 0.7 3.6 2.2 1.3 2.6 4.2 4 2.7 3.9 2.71
Portugal 2.2 2.2 2.8 4.4 3.7 3.3 2.5 2.1 3 2.4 2.7 -0.9 1.4 3.6 2.38
Romania 59 46 46 35 23 15 12 9.1 6.6 4.9 7.9 5.6 6.1 5.8 9.57
Slovenia 7.9 6.1 8.9 8.6 7.5 5.7 3.7 2.5 2.5 3.8 5.5 0.9 2.1 2.1 3.63
Slovakia 6.7 10 12 7.2 3.5 8.4 7.5 2.8 4.3 1.9 3.9 0.9 0.7 4.1 3.80
Finland 1.3 1.3 2.9 2.7 2 1.3 0.1 0.8 1.3 1.6 3.9 1.6 1.7 3.3 1.76
Sweden 1 0.5 1.3 2.7 1.9 2.3 1 0.8 1.5 1.7 3.3 1.9 1.9 1.4 1.77
United Kingdom 1.6 1.3 0.8 1.2 1.3 1.4 1.3 2.1 2.3 2.3 3.6 2.2 3.3 : 2.20
Iceland 1.3 2.1 4.4 6.6 5.3 1.4 2.3 1.4 4.6 3.6 13 16 7.5 4.2 5.94
Norway 2 2.1 3 2.7 0.8 2 0.6 1.5 2.5 0.7 3.4 2.3 2.3 1.2 1.73
Croatia : 3.7 4.5 4.3 2.5 2.4 2.1 3 3.3 2.7 5.8 2.2 1.1 2.2 2.73
Turkey 82 61 53 57 47 25 10 8.1 9.3 8.8 10 6.3 8.6 6.5 14.04
United States 1.6 2.2 3.4 2.8 1.6 2.3 2.7 3.4 3.2 2.8 3.8 -0.4 1.6 : 2.33
Japan 0.6 -0.3 -0.7 -0.7 -0.9 -0.3 0 -0.3 0.3 0 1.4 -1.4 -0.7 : -0.21

Annual average rate of change of HICP inflation rat e  (%) 10 Years 

Average

 

Table 10.1.1 

EU zone inflation data, Ref - http://epp.eurostat.ec.europa.eu/portal/page/portal /eurostat/  
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EU Country FOB Margin
Excise 
duties VAT Tax Free

Exlude 
VAT

Retail 
Price

Excise 
Tax%

Total 
Tax

All Tax 
%

Austria €0.64 €0.09 €0.43 €0.23 €0.73 €1.16 €1.39 59% €0.66 90%
Belgium €0.63 €0.15 €0.48 €0.27 €0.78 €1.26 €1.53 62% €0.75 96%
Bulgaria €0.60 €0.22 €0.33 €0.23 €0.82 €1.15 €1.38 40% €0.56 68%
Cyprus €0.59 €0.22 €0.34 €0.17 €0.81 €1.14 €1.31 42% €0.51 63%
Czech Republic €0.60 €0.19 €0.44 €0.25 €0.78 €1.22 €1.47 56% €0.69 88%
Denmark €0.59 €0.21 €0.51 €0.33 €0.80 €1.31 €1.64 64% €0.84 106%
Estonia €0.59 €0.17 €0.41 €0.23 €0.76 €1.16 €1.40 54% €0.64 85%
Finland €0.60 €0.23 €0.45 €0.29 €0.82 €1.27 €1.57 55% €0.74 91%
France €0.59 €0.16 €0.42 €0.23 €0.75 €1.16 €1.39 56% €0.64 86%
Germany €0.59 €0.20 €0.51 €0.25 €0.78 €1.29 €1.53 65% €0.75 96%
Greece €0.60 €0.23 €0.43 €0.29 €0.83 €1.26 €1.54 52% €0.72 86%
Hungary €0.60 €0.19 €0.43 €0.33 €0.79 €1.22 €1.54 54% €0.76 96%
Ireland €0.60 €0.11 €0.55 €0.29 €0.71 €1.26 €1.56 78% €0.84 118%
Italy €0.60 €0.21 €0.63 €0.30 €0.80 €1.43 €1.73 78% €0.93 116%
Latvia €0.59 €0.19 €0.36 €0.25 €0.78 €1.14 €1.39 46% €0.61 78%
Lithuania €0.60 €0.20 €0.30 €0.23 €0.80 €1.09 €1.32 37% €0.52 66%
Luxembourg €0.59 €0.19 €0.33 €0.17 €0.78 €1.11 €1.27 43% €0.50 64%
Malta €0.60 €0.16 €0.36 €0.20 €0.76 €1.12 €1.32 47% €0.56 73%
Netherlands €0.59 €0.18 €0.48 €0.24 €0.76 €1.24 €1.48 63% €0.72 94%
Poland €0.59 €0.17 €0.34 €0.25 €0.76 €1.10 €1.35 44% €0.59 77%
Portugal €0.60 €0.22 €0.42 €0.28 €0.81 €1.23 €1.51 52% €0.70 86%
Romania €0.59 €0.17 €0.32 €0.26 €0.75 €1.07 €1.33 42% €0.57 76%
Slovakia €0.59 €0.19 €0.41 €0.24 €0.78 €1.19 €1.43 52% €0.64 82%
Slovenia €0.59 €0.13 €0.36 €0.22 €0.72 €1.08 €1.30 51% €0.58 81%
Spain €0.60 €0.20 €0.36 €0.21 €0.79 €1.15 €1.36 45% €0.57 72%
Sweden €0.59 €0.18 €0.58 €0.34 €0.77 €1.35 €1.68 74% €0.91 118%
United Kingdom €0.59 €0.14 €0.73 €0.29 €0.73 €1.46 €1.75 101% €1.03 141%
EU AVERAGE €0.60 €0.18 €0.43 €0.25 €0.78 €1.21 €1.46 56% €0.69 88%

Diesel Fuel Cost (Euro per Litre) in Euro Zone base d on Feburuary 2012

 

Table 10.1.2 Diesel Fuel in EU zone with breakdown d etails of crude, margin and taxes 

(Ref:http://www.energy.eu ) 
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Figure 10.1.1 World Crude Oil Prices in US Dollars 

Source www.eia.gov  

 

 

 

Although it is difficult to predict the crude oil prices for the future due to the volatility of the market, the 

market is based on three-month price fixed in advance.  The all-time so far highest ever price of crude 

oil was seen in the summer of 2008, when crude oil reached $147 per barrel.   

Barclays oil market (source: www.istockanalysis.com ) is now forecasting an average crude oil price of 

$106 per barrel for the rest of this year 2012, which is much higher than last year estimate of $90. The new 

forecast for 2020 will reach an average price of $185.    



 

 

EC Contract No. FP7 - 234338  

 

 

CLD–D-IZT–010-04 Page 88 of 89 29/05/2013 

 

The Organization of Petroleum Exporting Countries (OPEC) raised estimates for global oil demand to 2015 more 

than expected economic rebound, led by the emerging economies in Asia (demand in China alone increased by 

21%).  OPEC raised its assumptions for oil prices because of the need for higher investment costs to keep up 

with the increasing demand.  According to the report published in http://www.topcommodities.net  the crude oil 

prices would be $146 in 2015, exceed $169 per barrel by 2020 and approach $200 per barrel by 2035. 

Taking these figures in considerations the crude oil prices are going in non-linear relationship in time but the 

current price may increase by 50% in ten years time and could reach to 100% increase in 2035.  These increase 

in prices ratios have been used to work out the sensitivity of the crude oil prices on the final prices of fuel cost to 

the rail operators.  The inflation figures are independent from the price increase in the crude oil and they have 

both been taken into account in the LCC of 20 year cost. 

10.1.4 Combined Fuel Cost Sensitivity 

The above prediction on cost of crude and inflations have been combined together to obtain cost of fuel for 

sensitivity assessment of the LCC and cost benefit analysis.  The EU member countries average fuel prices have 

been worked out to give realistic impact on the LCC and cost benefit based on lowest, medium and highest cost 

of fuel, based on scientific reasoning. 

 

 

EU Average diesl fuel price FOB
Margin with 

HCIP 4%
Excise 
duties VAT Tax Free Exlude VAT Retail Price

Excise 
Tax% Total Tax All Tax %

2012 (current crude price) €0.60 €0.18 €0.43 €0.25 €0.78 €1.21 €1.46 56% €0.69 88%

2020 (crude priced up 50%) €0.89 €0.21 €0.51 €0.30 €1.10 €1.61 €1.91 46% €0.80 73%

2035 (crude priced up 100%) €1.19 €0.29 €0.68 €0.40 €1.48 €2.16 €2.56 46% €1.08 73%

Average Diesel Fuel Cost (Euro per Litre) in Euro Z one on current and long term estimation (HICB = 2%)

 

Table 10.1.3 EU average fuel prices prediction with  increased crude and 2% inflation.  
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EU Average diesl fuel price FOB
Margin with 

HCIP 4%
Excise 
duties VAT Tax Free Exlude VAT Retail Price

Excise 
Tax% Total Tax All Tax %

2012 (current crude price) €0.60 €0.18 €0.43 €0.25 €0.78 €1.21 €1.46 56% €0.69 88%

2020 (crude priced up 50%) €0.89 €0.23 €0.55 €0.30 €1.12 €1.67 €1.97 49% €0.84 75%

2035 (crude priced up 100%) €1.19 €0.36 €0.85 €0.40 €1.55 €2.40 €2.80 55% €1.25 81%

Average Diesel Fuel Cost (Euro per Litre) in Euro Z one on current and long term estimation (HICB = 3%)

 

Table 10.1.4 EU average fuel prices prediction with  increased crude and 3% inflation. 

 

 

EU Average diesl fuel price FOB
Margin with 

HCIP 4%
Excise 
duties VAT Tax Free Exlude VAT Retail Price

Excise 
Tax% Total Tax All Tax %

2012 (current crude price) €0.60 €0.18 €0.43 €0.25 €0.78 €1.21 €1.46 56% €0.69 88%

2020 (crude priced up 50%) €0.89 €0.25 €0.59 €0.30 €1.14 €1.73 €2.03 52% €0.89 78%

2035 (crude priced up 100%) €1.19 €0.45 €1.07 €0.40 €1.64 €2.70 €3.10 65% €1.47 90%

Average Diesel Fuel Cost (Euro per Litre) in Euro Z one on current and long term estimation (HICB = 4%)

 

Table 10.1.5 EU average fuel prices prediction with  increased crude and 4% inflation. 

 

 


