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ABSTRACT 

Diesel engine has made its outstanding development in Europe by giving at the same time to customer more 
fuel economy and more driving pleasure. From the society point of view, it has provided significant oil savings 
and CO2 emission reduction and it has complied with even more stringent emission regulations. This 
evolution has been supported by a sustained technological improvement. 

But increasing environmental awareness and tension of oil supply now put Diesel engine in a challenged 
position. On one hand, fuel price increase and development of alternative Diesel fuels can be considered as 
opportunities. But on the other hand, future stringent emission regulations can make cost to customer benefit 
balance less favorable. Differences of fuel characteristics from world region to other may also slower its 
worldwide development. 

Facing challenging technologies such as turbocharged gasoline and hybrid, Diesel engine has still the 
advantage in term of real life fuel economy and low end torque characteristic. But, its relatively high level of 
particulate and nitrogen oxide emission will lead to an increase of after-treatment cost and complexity. 

The priority for Diesel development is to keep its competitive position by maximizing the benefit to customer 
and minimizing costs. The control of cost and complexity of after-treatment will require an important reduction 
of base engine emissions. This will be achieved by the implementation of low temperature combustion and 
thus the introduction of new technologies for exhaust gas recirculation, air and fuel injection management. 
Nevertheless, this will not be enough and new exhaust after-treatment technologies will also be needed. The 
key of the competitiveness for the car manufacturer is its ability to integrate these technologies physically in 
the car (packaging) but also virtually in the powertrain management software. 

Facing this challenging situation, Renault has to explore new ways to keep on proposing affordable 
technologies that offer to customers lower running costs. Along with the investigation of new technologies 
(GDI, HEV, FCV…), the main stake is to offer on lower vehicle segments or new developing markets 
technologies that are already well-proven on higher range engines. 
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INTRODUCTION 

Future of automotive industry will be mainly driven 
by environmental and energy issues. Our success 
will depend on the way we will meet customer 
needs is this context. 

Of course technology improvements and 
breakthroughs will be needed but we should be 
aware that solutions have to be affordable and 
attractive for customer so that large-scale diffusion 
gives to them a significant impact on 
environmental issue. 

Renault actively supports "The Integrated 
Approach" proposed by the European Car 
Manufacturers Association (ACEA) which 

promotes the most cost-effective approach to 
reduce CO2 emissions by shared effort between 
automotive industry, fuel industry and policy 
makers. 

Developing cost effective and fuel efficient 
powertrain technologies is our contribution to this 
approach. 

Keeping in mind cost and value for customer, we 
investigate break-through technologies (like 
hybrid, electric vehicle and fuel cell vehicle) for 
mid and long term but we also continue to develop 
current technologies taking advantage on our 
cumulative experience. 

Considering its intrinsic efficiency, its current 
market position and its ability to burn alternative 



fuels (like bio-fuels and synthetic fuels), Diesel 
engine is a key of our short and mid term strategy. 

CO2 EMISSIONS REDUCTION 

In 1998, the European Automobile Manufacturers 
of the ACEA self committed to reduce to 140 g/km 
before 2008 (that is 25 % in 10 years) the average 
CO2 emission of all the passenger cars sold in 
Europe and to examine the possibility of a further 
reduction in 120 g/km on the horizon 2012. 

 

 
Fig.1 - Average CO2 emissions per km for total 

vehicle sales (EU15) 

Since 1998, the progress was considerable and 
Renault is situated among the best of car 
manufacturers. In 2005, near one Renault of 5, 
sold in Europe, was emitting less of 120g of 
CO2/km. This result is far better than average 
European car manufacturers. The Mégane 
hatchback is, on its segment, one of the leaders of 
the classification CO2 in Europe and the engine 
1.5 dCi of Mégane and Clio offers a level of 
consumption very close to that of a hybrid. 

Figure 2 shows the two main reasons of CO2 
reduction in Europe. First, the efficiency 
improvement of gasoline engines (square blue 
line) and above all Diesel engines (triangle red 
line) lead to 10/15% CO2 decrease. Second, the 
market share of Diesel jumped from 20 to 50% 
(square green line) bringing subsequently average 
sales emission (diamond dark blue line) closer to 
Diesel. 
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Fig.2 (source: ACEA) 

This trend is due to the introduction of new Diesel 
technologies: direct injection, common rail and 
turbocharging. 

They first improved Diesel car CO2 emission by 
improving combustion efficiency (direct injection) 
and allowing engine downsizing (turbocharging, 
variable turbocharger). 
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Fig.3 – Diesel market share increase (WE, 
source: ACEA) and main Diesel technology 

introduction 

In parallel, market share increase (fig.3) was 
supported by improvement of value for customer. 
Fuel consumption, the main criteria of purchase, 
was reduced at the same time as CO2. Engine low 
end torque benefit was shared out between fuel 
efficiency (downsizing) and driving pleasure. The 
control of injection with common rail and ECU 
made NVH acceptable. 

 

 
Fig 4. – Evolution for vehicle performance and 

fuel consumption (D segment car) 

Figure 4 shows an example of progress of vehicle 
performance and fuel consumption. 

It also illustrates how future emission regulations 
may stop this trend. 

EMISSIONS REGULATIONS TRENDS 

Figure 5 shows the dramatic decrease of Diesel 
engine most important pollutants (NOx and 
particulate matter). Currently, regulations are more 
stringent in USA where Diesel was not considered 
as strategic in term of energy consumption as in 



Europe. We can anticipate that Europe will get 
closer to US standard at relatively short term. 

 
Fig. 5 – Evolution of Diesel emission regulation 

in Europe and position of US Tier2 

Along with emission level reduction, conditions will 
get more stringent: high mileage durability, 
conformity in use, OBD and hardly measurable 
emissions. 

Other parts of the world may follow the same trend 
but at a different pace according to priority balance 
between energy supply, green house gas 
emission commitment and economic factors. 

The impact of future regulations will tend to widen 
the cost gap between Diesel and gasoline.  
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Fig.6 – Impact on engine cost on emission 
regulation (base 100: Euro3 gasoline engine) 

Putting that together with the slowing down of 
customer value improvement, we see that Diesel 
competitiveness is at stake. 

Optimization of engine and after-treatment as a 
whole system will help to improve the ratio 
customer value to cost. 

By a better understanding of phenomena, we can 
define new strategies of combustion that reduce 
engine out emissions. For the implementation of 
those strategies, the choice of the right 
technologies will of course aim at maximization of 
customer benefit. 

DIESEL COMBUSTION ENHANCEMENT 

STRATEGIES – Typical Diesel combustion has 
two combustion phases that leads to the pollutant 
emission chart presented figure 7, characterized 
by a large range of local Air / Fuel ratio. 

The NOx are formed at high temperatures and 
reach their maximum for an equivalence ratio 
around 0.90; the soot is formed in richer mixtures, 
where there are both a lack of oxygen and a high 
temperature. 

 

 
Fig. 7 – Soot and NOx formation vs fuel local 

concentration and temperature 

Three strategies aiming at soot and NOx emission 
reduction appear in this diagram: 

1. rich mixture associated with very high 
temperatures (with hot residuals) - This strategy is 
very difficult to apply because engine material 
cannot withstand such temperature and pressure. 

2. low temperature with locally rich Air/Fuel ratio - 
This will lead to huge amounts of unburned HC 
and CO and stability issues. 

3. low temperature with locally lean Air/Fuel ratio - 
We consider it is the most realistic way to reach 
our goal. 

Generation of low temperature combustion - The 
ways to generate low temperature combustion be 
divided in three points: 

1. reducing the temperature of the gas (fresh air + 
EGR) at the beginning of the compression stroke  
Inlet Valve Closing (IVC) by improving air and 
EGR coolers efficiency. 

2. limiting the temperature rise during the 
compression stroke with a  low the Compression 
Ratio (CR) and by the effect of a reduced 
polytropic coefficient due to high EGR or residual 
gas rate 

3. absorbing heat during combustion by using a 
high amount of EGR or residuals 

Generation of lean mixture - Enhancing the air 
entrainment in the spray is probably the only 



solution to achieve lean and low temperature 
combustion during the mixing controlled phase. 

The design of the injector nozzle itself has to be 
improved in order to increase both atomization 
and air entrainment. Considering high requirement 
of control and robustness, it generally seems 
better to put all the efforts on the premixed 
combustion phase. 

The success of this strategy relies on the 
generation of a very lean and quite homogeneous 
mixture. Most of the solutions have up to now lead 
to inject the fuel early in the cycle while securing a 
long ignition delay with low thermodynamic 
conditions. The target is to generate the auto 
ignition of the mixture after all the fuel has been 
injected and thus to allow the fuel to well mix with 
the gaseous mixture composed of fresh air and 
recirculated gases. 

ENABLING TECHNOLOGIES - It appears clearly 
that to support low temperature lean strategy, 
several key engine technologies are necessary. 

Fuel Injection System - Design of the nozzle is of 
first order for spray atomization. It support lean 
mixture strategy but also limits the HC production. 

The development of very small nozzle holes, with 
diameters noticeably smaller than 100 � m, can 
effectively be foreseen for the future but middle 
term solutions are not so easy to industrialize with 
a high level of reproducibility and robustness. This 
can be a limiting factor for the deployment for lean 
strategies. 

High pressure common rail is an important factor 
for good fuel atomization and for the balance 
between part load emission and engine maximum 
power. It supports premix Diesel combustion by 
improving the trade-off between short injection 
duration and good atomization necessary for lean 
and homogenous mixture. 

Third important parameter of injection system is 
the versatility of injection control. Accurate amount 
and timing is required even with small quantities. 
The system must also be able to provide close 
multiple injections. 

Injection strategy like "split injection" allows 
enlarging HCCI area by limiting noise and soot 
emissions at a reasonable level. 

Injection system is still a key point to guarantee 
acceptable NVH. 

EGR - Control of EGR rates and temperature is 
the base of low temperature strategy. EGR is used 
to limit charge temperature increase during 
compression stroke and to absorb heat during 
combustion. 

This supposes an EGR circuit able to provide high 
flow rate at relatively high engine loads. Low 

pressure (or long route) EGR have this type of 
advantage. 

Low temperature combustion also requires highly 
efficient EGR coolers. 

Boosting technologies will continue to be the key 
of trade-off between engine performance and 
emissions. 

The extension of low NOx combustion area to 
higher engine load requires high boost pressure 
even at low speed and part load. The issue is to 
provide at the same time to the engine high 
quantities of oxygen and EGR. 

This requires specific boosting technologies 
improvement (variable nozzle turbocharger, 
variable compressor, two-stages). Those 
improvements will also support (as usual) 
enhancement of vehicle drivability and driving 
pleasure. 

Engine control – An accurate control of the auto 
ignition timing requires sophisticated ECU 
software with input data such as intake conditions, 
overall air fuel ratio, fluids temperature… 

Considering this large number of parameter, this 
requested accuracy and robustness in mass 
production conditions, closed loop engine 
management system is considered to be 
mandatory 

VVL (variable valve lift) – Along with EGR 
strategies, residual gases quantity can be 
controlled by exhaust valve closure (EVC) event 
phasing or even exhaust valve reopening during 
intake stroke. 

 
Fig. 8 Exhaust VVL motion simulation  (source: 

NICE Subproject A1, WP A1.5) 

Nevertheless, the use of VVL leads to a 
compromise between HC emissions and fuel 
consumption. 

VCR (Variable Compression Ratio) – As we have 
seen, reduced compression ratio contributes to 



low temperature combustion. Nevertheless, cold 
start ability of the engine sets a lower limit of CR 
around 14. 

Another benefit of low compression ratio is the 
increase of power density with no change in 
maximum cylinder pressure. 

Some devices (glow plug, …) improves cold start 
but VCR can do better by providing a typical CR 
range of 12 to 16. 

Considering its impact on engine design and 
manufacturing facilities, VCR is considered as a 
mid term technology. 

AFTER-TREATMENT 

Even if those engine technologies improve 
significantly NOx emissions, this will not be enough 
to eliminate after-treatment. In reverse, they may 
require specific after-treatment development (for 
instance for methane) along with NOx after-
treatment (NOxtrap, SCR) and particulate filter  

an overall cost benefit is expected from the 
optimization of HCCI engine and after-treatment 
system but investigations are not mature enough 
to give any figure. 

ALTERNATIVE FUELS 

CO2 benefit of Diesel engine can even be 
improved by the use of bio-fuels. 

In a "well to wheel" approach (which considers the 
overall CO2 emissions including the fuel 
production phase) fuels coming from biomass 
have a reducing impact due to the CO2 absorbed 
by plants during their growth. The overall balance 
is then improved in a proportion which depends on 
the nature of the plant and on the energy 
efficiency of the production. 

 

 
Fig 9 – "Well to Wheels" emissions comparison 
(Mégane-type Diesel vehicle on New European 

Driving Cycle) 

BIO-DIESEL (FAME) is the best short term option 

because it is compatible with the existing vehicle 
fleet if blended up to 5% of gas-oil and, up to 30%, 
with adaptation of current Diesel engine 
technology. 

Figure 9 shows the relative share of "well to tank" 
(WTT: plant growth and fuel production) and "tank 
to wheel" (TTW: vehicle use). 

Bio-Diesel is considered as the first step of bio-
fuels deployment. 

SYNTHETIC FUELS – The next generation of bio-
fuels will be more CO2 efficient and will have 
characteristics that support low emission 
combustion strategies. 

Important research and development activities are 
under way on BTL which, like other synthetic fuels 
(GTL, CTL), can produce tailor-made fuels. 

CHALLENGING TECHNOLOGIES 

DOWNSIZING - The forecasted increase of cost 
of Diesel engines let a space for gasoline 
technologies that gives better fuel efficiency and 
cost trade-off. Roughly speaking they can be 
situated half way from current gasoline engine and 
Diesel in term of cost and CO2 benefit. 

The idea is to adapt to gasoline the technologies 
that made the Diesel so successful. First, 
turbocharging that gives at the same time a 
significant fuel efficiency improvement due to 
downsizing and allows better drivability. 

Direct injection will support low speed torque 
improvement and stratified lean burn operation. 
The problem of this latter point is not to get the 
same disadvantages as Diesel in term of fuel 
specification and NOx after-treatment. 

HYBRIDIZATION is the other challenging 
technology in term of CO2. Currently, the main 
drawback is the cost of batteries, power electronic 
and high power density electric motors.  

 
Fig. 10 – Position of main technologies in term 

of CO2 benefit and added cost 

This make the cost to customer value balance 



hard to achieve especially when we consider that 
main fuel consumption reduction occurs in urban 
driving conditions. 

CONCLUSION 

Current CO2 position of Diesel powertrain is now 
challenged by alternative technologies. In this 
competition, the strength of Diesel is its maturity 
and its good efficiency in many driving conditions. 
Future emission regulations are a threat for its 
customer value vs. affordability balance. 
Nevertheless challenging technologies have there 
own strength and weakness. Gasoline downsizing 
are an opportunity to offer good value for money to 
customer but its CO2 potential is probably lower 
than hybrid. The latter drawbacks are cost and 
sensitivity to driving condition. 

It is not possible to say now if one technology will 
get dominant. It is even probable that diversity of 
markets will need diversity of technological 
answers.  

What we have to do now it to continue to work on 
Diesel R&D aiming at low emissions and low 
costs. 
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DEFINITIONS, ACRONYMS, ABBREVIATIONS 

ACEA: Association des Constructeurs Européens 
d'Automobiles (European Car Manufacturers 
Association) 

BTL: biomass to liquid 

CR: compression ratio 

CTL: coal to liquid 

dCi: Diesel common rail injection (Renault name) 

ECU: Electronic Control Unit 

EGR: Exhaust gas recirculation 

FAME: fat acid methyl ester 

GTL: gas to liquid 

HCCI: homogenous charge compression ignition 

HEV: hybrid electric vehicle 

IVC: Inlet Valve Closing 

MPI: multi point injection (conventional gasoline 
engine) 

NVH: noise, vibration & harshness 

SCR: selective catalytic conversion 

OBD: on board diagnostic 

VCR: Variable Compression Ratio 

WTW: Well to Wheel (CO2 emissions calculated 
from the production of the fuel to its consumption 
in the vehicle) 

 
 

 


