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Abstract

One often highlighted key strategy for reducing the fuel consumption of the personal car fleet is the so called downsizing of cars. In this paper we study how the potentials for downsizing created by technical improvements, such as increased maximum specific torque and power, turbochargers, and gear shift have materialized in the actual new car market in Sweden. We conclude that the downsizing so far has been a lot of rhetoric and less of real savings.
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Introduction

The reduction of fuel consumption (FC, [liters/100 km]) of the personal car fleet plays a role both in mitigation strategies for climate change as well as for security of supply issues. Increased technical efficiency is many times seen as the mean of achieving the aimed reductions. However, from 1985 to 2002 only one third of the technological development for cars has been used to improve fuel efficiency in the new car fleet in Sweden, the remaining 2/3 were used to improve the consumer amenities such as passenger space and maximum acceleration (Sprei & Karlsson, 2006). How can this ratio be shifted toward further reductions in fuel consumption? One key strategy often highlighted is the so called downsizing of cars (see e.g., Leduc et al., 2003; DeCicco et al., 2001). While downsizing normally refers to a decrease of engine cylinder displacement volume with maintained power and performance, we here see it as a concept that can be applied to the entire car, i.e., a reduction of the engine size as well as the actual size and mass of the car. Engine size reduction assists lower engine friction during driving as well as when idling. Reducing the size and weight of the car will lower the load and thus decrease the necessary fuel use, but also assist in downsizing the engine while keeping performances, such as acceleration capacity. The aim of this paper is to study how the potentials for downsizing created by technical improvements have materialized in the actual new car market in Sweden. The studied technical improvements are: increased maximum specific torque and power, supercharging, and changed gear ratios.

Method

Technical studies that highlight the fuel savings of new technological applications often disregard how well they are spread on the market of actual cars sold. We have combined sales statistics for 1985, 1995 and 2002 in Sweden with databases over car model parameters to analyze how downsizing has materialized in the Swedish market for new cars. In order to capture the market dimension we based our analysis on sales-weighted averages and changes in these averages. Relationships between car parameters were computed through linear regressions for all car models or when appropriate subset of car models, such as cars with supercharging.

Sale statistics were collected from the Swedish Road Administration, while vehicle model parameters were derived from the private company Autograph-bilfakta AB. The amount of data for each year and car model varies but the coverage ranges from 96 % to 99 % of the new registered cars for the specific year. Some of the car models for 2002 are so called flexifuel cars, i.e., they can run both on gasoline and ethanol or gas. These have been classified as gasoline cars in our analysis and thus the values for gasoline consumption have been used. In the database privately imported cars and cars registered as light trucks are not included.

Maximum specific torque and power

Engine downsizing will ceterus paribus, besides a loss of maximum power (kW), lead to a loss of maximum and momentarily available torque (Nm), which may be important for the drivability under normal driving conditions, i.e., at low to medium engine rpms and varying load. This can however be counteracted by increasing the maximum specific power (kW/l) and torque (Nm/l). Thus a technical development toward higher specific power and torque can be seen as a prerequisite for a popularization of downsizing. In this chapter we start by looking at the development of maximum power, torque and cylinder displacement volumes (or short, cylinder volumes), between 1985 and 2002, in the entire new car fleet as well as separately for the gasoline and diesel cars. Thereafter we look at the actual development of specific torque and power in relation to future potentials.

Figure 1 place around here
Figure 1 illustrates the changes in power, torque and cylinder volume from 1985. During the observed period maximum power has increased by almost 40 % and maximum torque by almost 30 %. While the rate of increase for maximum power has slowed down after 1995, maximum torque continued to increase at an even higher rate. Cylinder volume did between 1985 and 1995 increase at a lower pace compared to maximum power and torque and then decreased slightly between 1995 and 2002. Thus while there has been a relative downsizing during the whole period an absolute downsizing occurred only after 1995. Most probably this downsizing has not had an effect on the overall drivability of cars since maximum torque has continued to increase faster than the mass of the vehicles.
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The development of the absolute values is also reflected in the changes in maximum specific power (kW/l) and torque (Nm/l). Sales-weighted averages of specific power and torque for 1985, 1995 and 2002 are presented in Table 1. Between 1985 and 1995 specific power increased more than specific torque (15 % vs. 6.7 %), while for 1995 to 2002 more effort was put into increasing specific torque and the increase of the two is of the same magnitude (specific torque increases with 14 % while specific power increases by 13 % ). The observed increases in specific power and torque have contributed to the decrease of cylinder volume between 1995 and 2002.
There are still potentials of increasing specific power. For instance Leduc et al. (2003) present an engine with a specific power of 83 kW/l.  Other examples can be found in Ward’s Auto World that presents every year what they consider the 10 best engines. The specific power of the 2006 engines ranged up to 86 kW/l (Visnic et al., 2006). Examples of high level specific torque range up to 150 Nm/l (Petitjean et al., 2004, Lecointe and Monnier, 2003). Thus there is still a potential for increasing specific torque and power by 50 %. The potential for absolute downsizing therefore remains large provided the demand for power and torque will not continue to increase. 
Differences between diesel and petrol engines 

A market shift toward diesel vehicles in the European car fleet is often brought up as the main reason for the reductions in CO2 emissions achieved so far (Fontaras & Samaras, In press). Sweden has traditionally had a low share of diesel cars, although there has been an increase from about two percent in 1985 and 1995 to six percent in 2002. Thus further increasing the diesel share in the Swedish new car fleet is a potential strategy for reducing the average FC. The attractiveness and drivability of vehicles with diesel engines has grown during the observed period considering the increase in maximum power and torque that has occurred. Figure 2 illustrates the development of maximum power, torque and cylinder displacement volume for both diesel and petrol engines.
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Cylinder volumes in diesel engines are, in average, slightly larger than in petrol engines and the level has remained more or less constant during the observed period, while dramatic increases of specific power and specific torque (over 100 %) have occurred. So while diesel engines in absolute terms are not smaller they are in relative terms, i.e., specific power and torque in 2002 were higher. Increasing the shares of diesels per se may not contribute to an absolute engine downsizing. However, since fuel consumption is lower for diesel engines, there can still be a beneficial carbon reducing effect. 

Turbocharging

A way of increasing the specific torque is the utilization of supercharging either by turbochargers or compressor chargers. In this section we mainly focus on the effect of turbocharging on engine size and FC of the new car fleet. We also identify how five major car producers have chosen different strategies when applying these chargers. Due to differences both in engine performance and development between petrol and diesel engines we focus on petrol engines, which dominate the Swedish car market.

The use of supercharging in personal vehicles has been steadily increasing from a niche strategy applied to only a minor share of the cars (2.3 % in 1985) to an established one used in over a quarter (27.4 %) of all the cars sold in 2002. 

As with many other technological achievements in engine performance, superchargers can be used in two ways, either they can contribute to an absolute downsizing of the engine or they can boost maximum power and torque. It is hard to determine which of the two strategies has been dominant. Since maximum power and torque have increased during the observed period it would be easy to conclude that superchargers have mainly been used to boost maximum power and torque. However, cylinder volume has slightly decreased and thus it is of interest to understand the role of superchargers in the development of cylinder volumes.

We start by comparing the development of maximum power, torque and cylinder volume between turbocharged (TC) and naturally aspirated (NA) vehicles. Comparing straightforwardly the absolute values of the three parameters may be misleading since cars with turbochargers generally are larger, heavier and with higher performance. However, changes between the time periods can give an idea of the relative development (see Table 2). Between 1985 and 1995 maximum power increased more for NA cars, while maximum torque and cylinder volume increased more for TC vehicles. Most probably turbocharging in this time period was mainly focused on boosting the torque of the engines. Contrary, in the following seven years a decrease occurred in cylinder volume, both for TC and NA vehicles, and with a relatively larger decrease for TC vehicles. The decrease in cylinder volume has not stopped the increase in maximum power and torque, even if the pace has slowed down for NA vehicles. For the whole period the rate of increase in maximum torque has been larger for TC vehicles than NA ones. 
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We now look at the power to torque ratio, specific torque and power, comparing once again TC with NA vehicles. The results are presented in Figure 3, which illustrates that superchargers have played an important role in increasing specific torque for the overall fleet and, to a lesser extent, specific power. There was no major change in the power to torque ratio for TC vehicles from 1985 to 2002 while the NA ones had a slight increase (at least until 1995), most probably achieved through a higher rpms performance of the engine. Specific power in TC vehicles has increased with almost 15 % between 1985 and 2002, reaching 62 kW/l. The difference in specific power between TC and NA vehicles has decreased during the period from being 39 % higher in 1985 to 30 % in 2002. The difference in specific torque between the two engine types has increased from 30 % in 1985 and 1995 to 35 % in 2002. 
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The effect of turbochargers on cylinder displacement volumes

The sales-weighted average of maximum power for cars with turbocharged petrol engines in 2002 was 129 kW and the cylinder volume was approximately two liters. If the ratio of maximum power to cylinder volume had been the same as for NA cars, then the cylinder volume had been slightly over 2.5 l in TC vehicles. The avoided volume corresponds to a downsizing of approximately 20 %, which is slightly less than figures presented in Petitjean et al. (2004). The average cylinder volume of all cars would have increased from 1956 cc to 2082 cc. Turbochargers have thus lowered sales-weighted average displacement volume for all new cars with petrol engines with roughly six percent. Applying the same reasoning to maximum torque implies that the cylinder volume for turbocharged engines is 26 % smaller and has resulted in a 7.5 % decrease of the sales-weighted average cylinder volume. 

It is thus plausible to conclude that the increased usage of turbochargers has played a role in stalling the increase in cylinder volumes. Of course the unanswered question remaining is if the development of maximum power and torque had been the same without superchargers, or if we would have seen a more moderate increase of these parameters. One of the difficulties that lie in answering the question is to realize what kind of cars the increased share of TC vehicles has replaced.

The effect of turbochargers on FC

Taking a stance from personal transport’s contribution to emissions of GHG it is salient to question if there also is an effect on FC. According to Kutlar et al. (2005) the smaller displacement volume can be counteracted by a lowering of compression ratios, which might reduce fuel savings, especially at higher loads. Still they find that at part load the potential for decreasing fuel consumption is approximately 3-10 % compared to the naturally aspirated engine. A direct comparison between cars with petrol engines with and without supercharging but with the same cylinder volume shows a higher FC for TC engines. However, comparing these straightforwardly may be misleading since maximum power, torque and average car weight are larger for the cars with turbochargers. We therefore tried to capture the relationship between weight, maximum power (or torque) and FC for cars with gasoline engines.

A regression analysis with fuel consumption as dependent variable and mass and maximum power as independent variables was performed on naturally aspirated cars and turbocharged ones for 2002. There was a significant difference in the coefficients; therefore we can presume that the relationship between mass, power and fuel consumption differs between cars with turbocharged engines and those without. The coefficients from the NA cars were then used to calculate an implied FC for TC cars and thereafter a new sales-weighted average fuel consumption for all petrol cars. The implied FC for TC cars was, in average, between 6-9% higher, entailing that the turbochargers have contributed to the reduction of the overall sales-weighted average with approximately two percent. In these computations maximum power and mass for TC cars are presumed unaltered. The calculations were then repeated but this time presuming constant mass and maximum torque. In this case the effect on FC for TC cars was a reduction between 7-11 % in average, and the effect on the overall average was close to a three percent reduction in FC. 

Much higher fuel saving potentials for supercharging have been presented, though. E.g., Petitjean et al. (2004) found potentials of up to 18 % for experimental supercharged, downsized engines. However, the enhancement in power density was also larger than for the cars observed here (92 kW/l compared to 62 kW/l). 

Different observed strategies for different car brands
Different automakers have applied varying strategies when introducing supercharged engines. We have compared the development from 1995 to 2002 of five different car brands with cars of similar class: Audi, BMW, Mercedes, Saab and Volvo. The analysis applies to petrol cars only.  The results based on sales-weighted averages are presented in Table 3. All of the Saab cars had SC engines in 2002. Audi, Volvo and Mercedes increased their shares to 44 %, 36 % and 47 %, respectively. Mercedes is one of the few car brands that instead of turbochargers has chosen compressor chargers. In 1995 Mercedes had one car model with supercharging and only eight individual cars were sold in Sweden. It is therefore not presented in Table 3. BMW neither 1995 nor 2002 used any kind of supercharging. 

We start by observing changes in cylinder displacement volume, maximum power and torque for all car models of each brand, i.e., both their SC and NA models. The brands’ cylinder volumes have either decreased (Audi and Saab), remained constant (Volvo), or for Mercedes increased by 7 %. The highest increase (15 %) can be found for BMW, i.e., the brand that did not have any form of supercharging. Has this affected maximum power and torque development? Well, BMW has had the largest increase in power (28%) as well. The brands with supercharging have instead increased power between 7 and 16 % with Saab the lowest. The increase in torque has been roughly the same for all brands. Thus neither maximum power nor maximum torque increased to a higher degree for the car brands with superchargers, rather the opposite. Thus we conclude that an increasing share of supercharging has not mainly been used to increase maximum power above the level of similar competitors; instead we see a small downsizing effect. Mercedes differs slightly: maximum power has increased more and no downsizing has occurred. 
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Not surprisingly, specific power (kW/l) has increased more for the three brands with turbochargers in their fleet compared to BMW and Mercedes, despite the later having cars with supercharged engines. Volvo, although not having any absolute downsizing, has the largest development of specific power, which has been used mostly to boost maximum power. Concerning the specific torque, the increase has been more marked for the brands with turbochargers compared to BMW and Mercedes. The pattern is thus similar to those of specific power. Saab has the largest increase in specific torque (26%).

Specifically for the supercharged models, all brand average cylinder volumes have decreased and the most for Saab cars (-10 %). For Mercedes, the comparison had to be made with the overall average in 1995, there has also been a decrease. The development of maximum power differs between the three brands with turbochargers, though. For Audi maximum power remains unchanged, Saab has decreased, while Volvo has heavily increased the power of its cars with turbocharged engines. Still the cars with superchargers have in average higher maximum power than naturally aspirated ones. Also maximum torque has decreased for Audi and Saab, while increased for Volvo. Thus, not increasing torque and maximum power has allowed Audi and Saab to achieve a downsizing of the engine, while the power and torque boost for Volvo has “only” allowed a leveling out of the cylinder volume.

The effect of supercharging can also be observed in the development of FC. Decreasing FC can be found for the three brands with turbochargers. Volvo presents a decrease of the same magnitude as Audi and Saab despite the lower level of downsizing; most probably due to a focus on other fuel savings measures not further analyzed in this work. Mercedes has had a slight decrease in FC but not to the same extent as the other three brands with turbocharged engines. Despite the difference in relative development, all five brands have more or less the same FC in average, i.e., around 9 l/100 km. 

The observed differences presented by these five brands illustrate well how the same technological improvement can be used to achieve varying goals. Mercedes has not managed to achieve any downsizing, while Saab and Audi, by choosing not to boost maximum power and torque attain an absolute downsizing. Volvo has a large increase in specific power but uses this improvement in engine technology more to enhance maximum power than to lower cylinder volume, which remains more or less constant. However, the decrease in FC for Volvos is of the same magnitude as for the other two producers utilizing TC engines. The case of Volvo illustrates that supercharging are just one of the strategies to reduce the fuel consumption of a vehicle. To achieve the best effect, from a fuel efficiency point of view, a coupling of these strategies is desirable.

Gear ratio shifts

While driving, more gears and lower gear ratios in the transmission will possibly bring forward a driving with lower engine speed, especially when cruising at higher speeds in the highest gear (see e.g., Ross, 1994). Also, a higher torque to vehicle mass ratio may make possible driving with lower engine speed without compromising drivability. We here scrutinize the changes between 1985 and 2002 in gear ratios in vehicles with petrol engines and manual gearboxes. We find evidence that the fuel saving potentials that could have been achieved through changes in gear ratios have not been materialized, though. 

During the observed period there has been in manual gearboxes, dominating the Swedish market, an increased use of a sixth gear. In 1985 the sixth gear was non-existing and three percent of the cars still had only four gears. In 1995 cars with six speed boxes started to appear (less then one percent of the cars sold), while in 2002 the share had increased to almost five percent. Table 4 shows the average gear ratios for different model years and number of gears. The sales-weighted average gear ratio of the top gear has increased since 1985 from 2.90 to 3.04 in 1995 and 3.14 in 2002. The steady increase in number of gears have thus been more than paced out by a general shift upward of the top gear ratio.

Most of the gear ratio shifts have been used to compensate for larger wheel diameters, though. We see no major changes in the development of the ratio of engine speed to vehicle velocity in the top gear; only a minor increase from 1.61 (rps)/(m/s) in both 1985 and 1995 to 1.62 (rps)/(m/s) in 2002. Specifically for the second time period, the increase by three percent in the top gear ratio is larger than the one percent increase in engine speed per vehicle velocity in top gear. This difference is due to an increase in tire diameter. 
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On the other hand an increase in the available torque per vehicle mass has occurred. After 19951, a five percent increase has occurred in the sales-weighted average of maximum torque per mass unit; from 0.130 Nm/kg to 0.138 Nm/kg. But the opportunity presented by this increase in torque to mass ratio has not resulted in lower engine speed.

Also the trend over time for all the gears in manual gearboxes is toward higher gear ratios. While the few car models with six speeds in 1995 actually did have lower gear ratios this does not apply to those sold in 2002. In 2002 the sixth gear had a somewhat lower ratio but all other gear ratios had instead been systematically shifted upwards. This can partly explain why the car models with six speed boxes have a higher fuel consumption than those with only five gears even when comparing similar segments of cars (i.e., same weight and power). However, the FC as measured on the driving cycle may be misleading for real life consumption. The gear shifting points are fixed in vehicle speed in the driving cycle, and thus the potential in adapted gear shifting and a sixth gear is not fully harnessed. There may thus be fuel savings in real life driving that is not detected in the published test cycle fuel consumption. 

Our results show that there is still a potential to reduce fuel consumption by a continuous introduction of a sixth gear if used to lower engine speed. This means that increasing the number of gears should be combined with a down-shifting of the gear ratios.

Conclusions

We conclude that in Sweden the downsizing so far has been a lot of rhetoric and less of real fuel savings. Maximum specific torque and power have increased from 1985 to 2002, and still there is potential for further improvements. A moderate absolute downsizing can be observed between 1995 and 2002. However, to fully harness the potential for downsizing presented by the higher maximum specific torque and power, a more moderate increase (or even better, a leveling out or decrease) of both maximum power and torque is required.

Superchargers have contributed to engine downsizing as well as a marginal reduction in fuel consumption. We find that different strategies have been used by different automakers. For instance, Volvo has boosted power more then decreasing the cylinder displacement volume, while Saab has performed a downsizing of their car engines and not increased the power. Using superchargers for an absolute downsizing, maybe in combination with other technical advancements not discussed in this paper, thus still hold a large potential for increased fuel efficiency.

Gear ratios have not systematically been shifted to lower the rpms of the engines and reduce fuel use, since cars with manual six-speed gearboxes do not have lower gear ratios than cars with five speeds. Thus we cannot identify any fuel saving strategy connected to the development of gear ratios. Still cars with six speed boxes might, in real life driving, have a slightly lower fuel consumption if the driver uses gear shifting in a reasonable way.

The prevailing trend toward cars that are optimized to handle much higher loads than what the average driver encounters in every day life can be questioned. The focus on continuously improved performance and consumer amenities inhibits the full fuel saving potential of technical improvements. Thus, considering the observed development, an important question for the future is how to manage a transition from rhetoric to reality by better utilizing the technical downsizing potential to achieve an increased rate of fuel efficiency enhancement.
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Table 1. Development of sales-weighted averages of maximum specific power (kW/l) and torque (Nm/l) for all new cars in 1985, 1995 and 2002.

	
	1985
	1995
	2002

	Specific  power (kW/l)
	39,2
	45,1
	51,0

	Specific torque (Nm/l)
	83,8
	89,4
	102,3


Table 2. Change in percent per year in the periods 1985-1995, 1995-2002 and 1985-2002 for sales-weighted averages of maximum power, maximum torque, and cylinder displacement volume for turbocharged and naturally aspirated engines.   

	
	Turbocharged (TC)
	Naturally aspirated (NA)

	
	85-95
	95-2002
	85-2002
	85-95
	95-2002
	85-2002

	Max power 
	1,06%
	1,68%
	1,31%
	2,02%
	0,54%
	1,41%

	Max torque 
	2,07%
	0,64%
	1,48%
	0,95%
	0,43%
	0,73%

	Cylinder volume
	1,79%
	-1,23%
	0,54%
	0,75%
	-0,59%
	0,20%


Table 3. Comparison between five different brands: Audi, BMW, Mercedes, Saab and Volvo. Sales-weighted averages of maximum power, cylinder volume, maximum torque, power/torque, specific power, specific power and fuel consumption for cars with petrol engines in 1995 and 2002 and the change in percent. For Mercedes 2002 supercharging is achieved through compressor chargers and not turbochargers. 

	  
	Audi
	BMW
	Mercedes
	Saab
	Volvo

	
	1995
	2002
	Change (%)
	1995
	2002
	Change  (%)
	1995
	2002
	Change 

(%)
	1995
	2002
	Change  (%)
	1995
	2002
	Change  (%)

	share of supercharged
	0,13
	0,51
	296 
	0
	0
	
	
	0,47
	
	0,27
	1
	264 
	0,28
	0,36
	29 

	Max. power 

P (kW)
	TC
	117
	117
	0 
	
	
	
	
	121
	
	136
	120
	-11 
	107
	142
	33 

	
	NA
	96
	107
	11 
	
	
	
	
	122
	
	104
	
	
	104
	109
	5 

	
	all  
	98
	112
	14 
	107
	136
	28 
	105
	121
	15 
	113
	120
	7 
	105
	121
	16 

	Cylinder volume

V (cc)
	TC
	1883
	1820
	-3 
	
	
	
	
	1927
	
	2183
	1966
	-10 
	2313
	2255
	-3 

	
	NA
	2111
	2128
	1 
	
	
	
	
	2637
	
	2126
	
	
	2346
	2368
	1 

	
	all
	2082
	1971
	-5 
	2110
	2417
	15 
	2106
	2244
	7 
	2142
	1966
	-8 
	2337
	2327
	-0,4 

	Max. torque

T (Nm)
	TC
	223
	221
	-1 
	
	
	
	
	227
	
	272
	249
	-8 
	238
	277
	16 

	
	NA
	188
	205
	9 
	
	
	
	
	238
	
	195
	
	
	200
	221
	11 

	
	all 
	192
	213
	11 
	205
	239
	17 
	200
	233
	16 
	216
	249
	15 
	210
	241
	15 

	Power/Torque

(kW/Nm)
	TC
	0,52
	0,53
	1 
	
	
	
	
	0,54
	
	0,50
	0,48
	-4 
	0,44
	0,51
	15 

	
	NA
	0,51
	0,51
	0 
	
	
	
	
	0,51
	
	0,53
	
	
	0,52
	0,50
	-4 

	
	all
	0,51
	0,52
	2 
	0,524
	0,569
	9 
	0,53
	0,52
	-1 
	0,52
	0,48
	-8 
	0,50
	0,50
	1 

	Specific power

(kW/l)
	TC
	62,2
	64,0
	3 
	
	
	
	
	56,7
	
	62,6
	61,2
	-2 
	46,1
	63,2
	37 

	
	NA
	45,8
	49,3
	8 
	
	
	
	
	50,1
	
	48,9
	
	
	44,1
	46,3
	5 

	
	all
	47,9
	56,8
	19 
	50,3
	56,1
	12 
	49,8
	52,0
	4 
	52,6
	61,2
	16 %
	44,7
	52,4
	17 

	Specific torque

(Nm/l)
	TC
	119,0
	121,0
	2 
	
	
	
	
	106,0
	
	125,0
	126,9
	1 %
	103,0
	123,4
	20 

	
	NA
	89,3
	95,8
	7 
	
	
	
	
	98,7
	
	91,9
	
	
	85,0
	93,3
	10 

	
	all
	93,2
	108,7
	17 
	95,6
	98,7
	3 
	95,1
	99,7
	5 
	101,0
	126,9
	26 %
	90,0
	104,1
	16 

	FC

(l/100 km)
	TC
	8,80
	8,54
	-3 
	
	
	
	
	9,58
	
	9,88
	9,02
	-9 %
	10,32
	9,1
	-12 

	
	NA
	9,53
	8,78
	-8 
	
	
	
	
	9,74
	
	10,15
	
	
	9,74
	9,2
	-5 

	
	all 
	9,44
	8,66
	-8 
	9,13
	9,21
	1 
	9,86
	9,67
	-2 
	10,07
	9,02
	-10 %
	9,90
	9,2
	-7 


Table 4. Development of sales-weighted gear ratios for manual gearboxes. For 2002 and 1995 five gears (m5) and six gear (m6), for 1985 five (m5) and four (m4) gears. 

	
	Gear 1
	Gear 2
	Gear 3
	Gear 4
	Gear 5
	Gear 6

	2002-m5
	14,01
	7,87
	5,28
	3,94
	3,15
	

	2002-m6
	14,69
	8,69
	5,92
	4,46
	3,57
	2,96

	
	

	1995-m5
	13,43
	7,66
	5,11
	3,79
	3,04
	

	1995-m6
	13,71
	7,41
	4,95
	3,63
	2,86
	2,39

	
	

	1985-m5
	13,50
	7,51
	4,92
	3,59
	2,92
	

	1985-m4
	13,05
	7,35
	4,83
	3,36
	
	


Footnotes


 Between 1985 and 1995 there is no real change in maximum torque per mass unit.

Caption to illustrations

Figure 1 Development of maximum power (P), maximum torque (T) and cylinder displacement volume (V) 1985-2002. Index 100=1985

Figure 2 Development of maximum power (P), maximum torque (T) and cylinder displacement volume 1985-2002. The grey lines represent cars with diesel engines and the black lines cars with petrol engines. Index 100=1985 

Figure 3 Sales-weighted averages for car with petrol engines in 1985, 1995 and 2002, respectively, for: specific power (kW/l), specific torque (Nm/l) and the maximum power to torque ratio for cars with supercharged engines and naturally aspirated engines. 
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Figure 3
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