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Introduction

1.Introduction

Different variables have effects on the emission of vehicles. For these variables, in general,
corrections are applied to the emission factors to accommodate variation of emissions according
to the various effects.

Because of well known fact that emissions and fuel consumption are linked to the engine
power, the calculations have to take into account, in principle, vehicle load (Meet, 1999). In fact,
the driving resistance of a vehicle is influenced by vehicle mass, i.e. higher mass requires higher
power from the engine during driving, especially in acceleration modes.

In this report, we highlight the importance of the vehicle load through the study of the load
factor and the empty running rate. For each factor, we present and analyse available statistics
and data from different countries and we discuss the variation of the factor with various
parameters (e.g. vehicle size, vehicle weight, time, travel purpose). A set of recommendations
are then presented in order to better take into account the load factor in the emission calculation.
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Vehicle load factors

2.Vehicle load factors

2.1. Introduction

The total weight of vehicles is required as an input of emission modelling and is one of the
main parameters that determine energy and emission efficiency. The most important determinant
is load factor i.e. how much of the capacity of the truck is used.

For cars, buses and coaches, we use the term ‘occupancy’ while for vans and trucks we use
‘load factor’.

A high occupancy rate in passenger cars, buses and coaches has relatively little impact on
overall vehicle weight. For freight, the relationship is more complex, as a higher load factor is
likely to result in a significant increase in vehicle weight and therefore in more energy use and
emissions.

2.2. Passenger vehicles occupancy

Definition

The occupancy of cars, buses and coaches can be indicated by the absolute values of
passengers being transported by each vehicle type (e.g. average number of passengers) or the
occupancy rate.

The use of occupancy rates has the advantage of providing information on the efficiency of
the specific vehicle types, whereas the adoption of absolute value fails to provide such kind of
assessment. Information on the maximum capacity of each vehicle type (number of seats
available) is required (TRENDS, 2001).

Occupancy rates are often calculated by dividing passenger-kilometres by the vehicle-
kilometres.
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European context

Occupancy rate for passenger cars is falling in most countries, despite EU efforts to increase
utilisation efficiency, for example through its citizens’ network strategy. Occupancy rates for
other passenger transport modes (buses, trains) have also not improved during the last decade,
except for air transport (see Figure 1). The occupancy rates of trains and buses are expected to
improve in future, as budget cuts eliminate unprofitable lines and congestion is pushing people
towards public transport (TERM, 2002).
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Busesicoaches cccupancy rates exclude Greece. Air refers to principal aifine carriers only. Al series but aviation are
based on passenger-kilomeatres fvahicla-kilometres. Air is based on the percentage of seats occupiad.

Figure 1: Evolution of occupancy rates, 1990-1998

The cost-effectiveness study of Auto Oil II program gives transport base case for different
European countries (AOPII, 1999). The main macro-economic assumptions used to construct
this base case are historical values up to 1995 of the main macroeconomic indicators from
national statistics. The values used from 1996 to 2020, are consistently taken from the Energy
2020 forecast prepared by DGXVII (i.e. the pre-Kyoto reference scenario), throughout the
AOPII transport base case. Throughout the study, a discount rate of 4% has been used,
corresponding to the long-term real interest rate. Load factors have usually been computed for
each transport mode as the ratio of traffic in passenger kilometre to traffic in vehicle-kilometre
(Table 1).

Load factors for passenger cars and public transport are also differentiated between peak and
off-peak. When no information was available on this split, the ratio of the peak load factor to the
total load factor was assumed to be the same than in the UK. Off-peak load factors were then
computed as a residual. We give hereafter the example of Italian load factors.

Report INRETS-LTE 0419
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Vehicle load factors

Region Mode/Year 1990 1995 2000 2005 2010 2015 2020
Italy Cars 1.74 1.71 1.71 1.71 1.71 1.70 1.70
Italy Buses & coaches 23.36 24.34 26.26 26.40 25.66 24.92 24.20
Milan Cars 1.59 1.56 1.56 1.56 1.56 1.56 1.56
Milan Buses & coaches 16.23 13.54 13.75 13.53 13.80 14.08 14.36

Table 1. Average load factors for cars and buses/coaches in Italy (in
passenger per vehicle)

Environmental context

Efficient usage of passenger vehicles results in less vehicle-kilometres needed to transport the
same amount of passengers. Car sharing might even lead to fewer cars on the roads, which can
attribute to averting congestion. Utilisation efficiency is one of the main parameters that
determine energy and emissions efficiency. A high occupancy rate in passenger cars and buses
has relatively little impact on overall vehicle weight, and therefore on energy consumption.

Hence, less vehicle-kilometres results in less environmental damage occurring for
transporting the same number of passengers.

2.2.1. Cars

2.2.1.1.  European context

Data on trends in occupancy rates is limited. According to the IEA, occupancy rates of
passenger cars in Europe fell from 2.0-2.1 in the early 1970s to 1.5-1.6 in the early 1990s. The
decrease is a result of increasing car ownership, extended use of cars for commuting and a
continued decline in household size. Table 2 shows car occupancy rates in Member States. It is
calculated by dividing passenger-kilometres by the vehicle-kilometres.

14690 14991 19492 1993 19494 1995 19496 1997 1098 1699

Belgium 15 1.4 1.4 RN 1.1 A I Fol MiA MiA
Austria 20 22 21 A MA MIA I Tl MiA MiA
Denmark 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 17 MiA
Finland 15 1.5 1.4 14 14 14 14 1.4 14 14
France 19 1.8 1.8 1.9 1.9 1.8 19 1.8 1.8 MiA
Germany 1.6 1.4 1.4 1.4 14 14 1.4 1.4 MiA MiA
Graeca MiA MiA A MiA M M I A MA MiA
Ineland MiA MiA A A M4 M M Ml MA MiA
ltaly 1.9 1.9 1.8 A MA MiA M 1) MiA MiA
Luxembourg 13 1.3 MIA MiA MA MiA Y A MiA MiA
Metherdands 18 1.8 1.7 16 16 1.6 16 1.6 MA MiA
Portugal 25 25 24 25 25 26 25 25 24 MiA
Spain MA 29 A 3.0 a0 MiA ) 1) MA MiA
Swieden 1.6 1.7 1.6 1.7 15 1.5 1.6 17 17 1.4
United Kingdom 1.8 1.7 1.7 1.5 1.5 1.5 1.5 1.5 1.5 MiA

Tabl e 2: Passenger car occupancy in Menber States (TERM 2002)
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The TREMOVE' model gives a baseline average (EU 15) value of 2.0 passengers/car from
1995 to 2007 and 2.1 passengers/car from 2009 to 2020 (Tremove, 2004).

TRENDS project has produced a set of occupancy values for EU-15 countries for the period
1970-2020 based on TERM and TRAP values (Figure 2). These data were used for calculating
the default occupancy rates to be incorporated into the road transport module. The user,
however, has the option to input manually different than the default values (Samaras Z. & al.,
2002).

B DK D EL E F IRL | L N A P FIN S UK
1970 19 175 184 213 28 18 194 157 161 18 18 24 1,71 1,77 191
1971 19 176 18 212 279 18 19 157 161 18 18 242 1,69 1,76 1,88
1972 19 177 180 210 278 184 18 158 161 18 178 241 1,67 1,74 1,85
1973 19 178 178 209 278 184 18 158 160 187 176 240 1,65 1,72 1,83
1974 19 179 176 208 277 18 178 15 160 187 174 239 1,63 1,70 1,80
1975 19 180 174 207 276 18 174 160 160 18 171 237 1,61 1,69 1,77
1976 191 18 170 206 276 18 170 15 15 18 169 237 1,59 1,67 1,78
1977 187 187 167 205 277 18 166 15 152 18 167 236 1,57 1,64 1,78
1978 183 19 163 204 277 184 162 158 148 180 165 236 1,55 1,62 1,79
1979 180 194 160 203 278 18 158 158 144 178 163 235 1,63 1,60 1,79
1980 1,77 197 157 201 278 18 153 157 140 175 162 235 1,52 1,57 1,80
1981 1,74 194 15 200 28 18 152 157 142 177 161 234 1,52 1,57 1,79
1982 1,71 191 15 19 28 18 150 157 144 178 160 234 1,62 1,67 1,77
1983 168 18 15 197 28 18 149 157 146 179 158 232 1,51 1,56 1,76
1984 165 182 15 19 28 18 148 157 148 180 157 232 1,51 1,56 1,75
1985 161 184 15 194 290 18 147 157 150 182 15 233 1,51 1,56 1,74
1986 158 183 15 193 28 18 146 159 146 181 155 233 1,50 1,57 1,74
1987 155 1,82 147 192 277 18 144 160 142 180 154 234 1,49 1,58 1,74
1988 153 181 144 190 271 187 143 162 138 179 152 234 1,48 1,58 1,73
1989 150 180 141 18 265 187 142 164 134 178 151 235 1,47 1,59 1,73
1990 147 178 137 18 258 18 141 165 130 177 150 235 1,46 1,60 1,73
1991 144 177 141 187 254 184 143 165 130 176 153 234 1,45 1,64 1,68
1992 144 177 141 186 25 18 142 165 129 166 153 230 1,40 1,55 1,72
1993 129 177 141 18 25 187 141 165 127 165 152 233 1,40 1,57 1,62
1994 113 177 143 18 253 18 141 1656 126 165 152 233 1,40 1,50 1,61
1995 100 177 142 18 252 18 141 165 124 163 152 238 1,40 1,51 1,61
199 100 176 141 181 252 18 141 1656 124 163 152 233 1,40 1,57 1,61
1997 100 176 140 180 252 18 141 1656 124 162 152 233 1,40 1,61 1,61
1998-2020 | 1,00 1,76 140 180 252 18 141 165 124 162 152 228 1,40 1,61 1,61

Fi gure 2: Proposed occupancy tineseries for passengers cars for EU 15
countries from TRENDS

2.2.1.2.  Statistics

- In Switzerland, the association of transport engineers shows that the occupancy rate is
less than the average (1.5 persons) for study and work travels (Taux d’occupation des
véhicules privés, 2001).

- An inquiry realised by ILReS in Luxembourg on the fastening of seatbelt gives a value
of 1.35 person/car (Enquéte Ilres, 2003).

- The ‘ménages et déplacements’ survey (CERTU, 2003) conducted by CERTU in
France, gives the car occupancy rate for different regions and years. For year 2000, the
values range from 1.28 to 1.40 persons/car.

' TREMOVE is a policy assessment model to study the effects of different transport and environment policies on
the emissions of the transport sector.

Report INRETS-LTE 0419
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Vehicle load factors

- The national occupancy rate for cars in the UK is 1.5 passengers/car (CPT, 2003).

- The Local mobility and passenger transport survey conducted in Oslo (Environment and
Sustainability Profile for Oslo, 2003) shows that 70% of the cars have zero passenger (it
means one person/car who is the driver). This gives an average of 1.4 person/car.

Number of passengersin the
car

9 3%

22%

W noneg ane m two o more

Fi gure 3: Nunber of passengers in a car in Gslo, 2003.

- A Canadian Vehicle Survey (CVS, 2001) gives a value of 1.67 persons/car (2.00
passenger/van and 1.43 passenger/pickup truck)2.

Variation with time

In Switzerland, a study conducted by the association of transport engineers on the analysis of
the occupancy rate for private cars (Taux d’occupation des véhicules privés, 2001) has shown
that this rate is decreasing (from 2.0 to 1.5 passengers in 2001).

In France, the ‘ménages et déplacements’ survey (CERTU, 2003) shows a general tendency
to decrease (see Anne I). For Paris, the car occupancy rate seems to be stable (1.31-1.32) from
1978-1998.

For Great Britain, Figure 4 shows the steady decline in car occupancy of about 5% since the
mid-1980s. Occupancy averaged 1.63 people in 1985/1996, falling to 1.56 in 1998/2000. In
2002, 61% of cars on the road had only one occupant. This has contributed to vehicle kilometres
increasing more than passenger kilometres over the same period, and reflects smaller average
size of households and increasing car ownership (Transport trends, 2004).

? Passenger/vehicle=passenger-km/vehicle-km

11



hal-00546125, version 1 - 13 Dec 2010

Analysis of the load factor and the empty running rate for road transport

1,64

1,62 +—

Occupancy rate
—_
W
[ee]

1985/1986 1989/1991 1992/1994 1995/1997 1998/2000

Figure 4: Car occupancy in GB: 1985/1986 to 1998/2000

Figure 5 shows that the occupancy rate tends to increase in Belgium, Flanders, Wallonia and
Brussels. It also shows that Brussels has the lowest car occupancy rate (Labeeuw, 2002).

Car occupancy rate
=L
W 9.1

1,25 1

1995 1996 1997 1998 1999 2000

—&— Belgium —8— Flanders —A&— Wallonia —Jll— Brussels

Figure 5. Variation of car occupancy rate in Bel gium

Variation with trip purpose and type

Car occupancy rates vary with travel purpose (see Table 3). Family trips and leisure trips are
generally much better occupied than commuting trips (TERM, 2002).

Report INRETS-LTE 0419
12
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Vehicle load factors

Travel purpose Car occupancy rate
(passengers per vehicle)

Commuting to/from work 1.1-1.2

Family trip 1.4-1.7

Travel and leisure 1.6-2.0

Tabl e 3: Car occupancy rates by travel purpose in Europe

A car use study in Great Britain (Personal travel factsheet, 2003) shows that occupancy rate
for cars varies by trip purpose (Figure 6), with high occupancies for holiday trips (2.2),
education trips (2.0), and leisure trips (1.8). Occupancy is lowest for business trips (1.2) and
commuting trips (1.2), where the single occupancy rate is 84%.

pergonsz per vehlcle

Businsgs
Shopping
Pergonal
busimess
Leigura
Education
Healidmelday
trips

Otler

il
FHJFFIES-EE

ommuting

Figure 6: Average car occupancy by trip purpose in GB, 2002
(Transport trends, 2004)

Variation with trip purpose and day of the week

The travel behaviour microcensus by the Swiss Federal office for Spatial Development (ARE)
and the Swiss Federal Statistical Office (SFSO) gives data on the car occupancy rate by trip
purpose and day of the week (OFS, 2002). In Figure 7, we note an occupancy rate of 1.14 for
business trips and this is due to the fact that for 90% of this kind of trips there is one person in
the car. For leisure trips, this rate is of 1.92. For all purposes, the maximum occupancy rate is for

Sunday.

13
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Travall 1.14
1.18

1.11

1.14

Formation 1.14
1.11

1.14

Achats 1.62
1.88

1.64

Activite 1.26
professionnel | 1.26
1.26

Voyage de service 1.31
1.10

1.289

Lolslrs 1.71
2.08

1.82

services 2.17
2.1

2.18

Accompagnement 2.16
2.66

2.27

Tous les matifs 1.45
{totaly 1.84
1.59

o0 O 1.0 1.6 2.0 2.5 1.0
Personnes par wahicule
Lu a ve 5a e o I Total

Figure 7. Car occupancy rate in Switzerland by trip purpose and day of the
week

Variation with type of road

Car occupancy rates also vary for urban and long-distance trips (1.3 and 1.8 passengers per
car, respectively) (TERM, 2002).

The STREAMS® model include data on vehicle occupancy for local and long distance.
Table 4 shows a slow but steady decrease in occupancy from 1994 to 2020 (ASTRA, 2000).

Local Long distance
Travel purpose/year 1986 1994 2020 1986 1994 2020
Commuting & business 1.21 1.18 1.08 1.23 1.20 1.10
Personal 1.85 1.80 1.64 1.85 1.80 1.64
Tourism - - - 2.79 2.71 2.47

Tabl e 4: passenger car occupancy rate (persons/car)

For Sweden, trips on rural roads have a greater occupancy rate (2.0 passengers per vehicle)
than trips on urban roads (1.70 passengers per vehicle) (TERM, 2000).

In Belgium (Labeeuw, 2002), the car occupancy rate is higher on highways than on roads
(Figure 8).

? Strategic Transport Research for European Member States

Report INRETS-LTE 0419
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Vehicle load factors
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Figure 8: Variation of car occupancy rate with road type in Bel gi um

Variation with income

A car use study in Great Britain (Personal travel factsheet, 2003) shows that people with low
income groups are more likely to travel in larger parties, with an average occupancy of 1.9 for
those trips made by individuals living n households in the lowest income quintile; 46% of these
car trips are made by one person alone. Occupancy decreases steadily through each successive
income quintile, with those individuals living in households in the highest income quintile
making trips with an average occupancy of 1.5; 66% f trips made by these individuals are made
alone (see Figure 9).

Percentage

&0

20

I
ST LT
O
ST
I
I

Lowwasl Second Third Fourth Highisl Al incomes
quintile quintile quintile quintile quintile

Figure 9: Single occupancy rate by incone quintile: 1999/2001 in GB
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2.2.1.3. Recommendations

Occupancy rate for passenger cars ranges from 1.1 to 2.2 passengers/car. However this value
can differ, depending on:

- the length and purpose of the trip. Breakdowns by purpose (work/education, business,
shopping and leisure) are therefore needed.

- the road type

The method for calculating the occupancy rates (using calculated passenger-kilometres and
the calculated vehicle-kilometres) has to be improved. In fact, passenger-kilometre and vehicle-
kilometre data are often estimated. The possible error is the error in passenger-kilometres times
the error in vehicle-kilometres. Furthermore, some passenger-kilometre data are calculated by
using an estimation of the average number of vehicle-kilometres and the average occupancy
rates.

2.2.2. Buses and coaches

2.2.2.1.  Definition

We made a difference between buses (>10 seats, with the possibilities for people to stand up)
and coaches (>10 seats, no possibility of standing up).

2.2.2.2.  European context

Occupancy rate for buses and coaches vary widely between Member States (see Table 5). It is
calculated by dividing passenger-kilometres by the vehicle-kilometres. For example, in the
United Kingdom a bus carries, on average, around 9 persons while in France this figure is
around 25. The differences between Member States can be explained by different organisation of
public transport (fares, frequency, accessibility, etc.).

In most Member States there is a tendency to privatise bus companies and/or cut back subsidy
levels. Hence, unprofitable bus routes are being closed down. This results in higher occupancy
rates and corresponding improvements in usage efficiency (TERM, 2002).

Report INRETS-LTE 0419
16
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Vehicle load factors

Country Bus/coach occupancy rate
(passenger/vehicle)

Austria 25

Belgium 32

Denmark 19

Finland 13

France 18

Germany 18

Greece N.A.

Ireland 15

Italy 17

Luxembourg 23

Netherlands 25

Portugal 16

Spain 28

Sweden 9

United Kingdom 9

EU-14 17

Tabl e 5: Bus/coach occupancy rates in 1999

The TREMOVE" model gives a decreasing average value (EU 15) for bus/coach (Tremove,

2004) as shown in Figure 10.

1454l n n

13.5 4

Passenger/veh.

12.5 e
1995

2000

2005

2010

2015

2020

Fi gure 10: TREMOVE occupancy rates for

bus/ coach

TRENDS project has produced a set of occupancy values for EU-15 countries for the period
1970-2020 based on TERM and TRAP (LAT) values (Figure 11). There are significant
fluctuations between the two datasets. In order to compensate for missing data and differences

* TREMOVE is a policy assessment model to study the effects of different transport and environment policies on

the emissions of the transport sector.

17
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between TERM and LAT results, a common set of values was produced for each country for the
period 1970-2020 (Samaras Z. & al., 2002).

B DK D EL E F IRL | L NL A P FIN S UK
1970 2534 1533 19,70 12,77 2578 28,60 1256 23,52 9,82 24,67 2724 21,79 1225 9,74 12,88
1971 2512 16,10 19,66 1290 2579 28,60 1256 23,86 9,82 24,08 2694 21,76 1227 9,88 13,15
1972 2490 16,83 19,62 13,03 2580 28,60 1256 24,12 9,82 2352 2663 21,73 1229 1002 1342
1973 24,68 17,56 19,59 13,16 2581 28,60 1256 24,46 9,82 2296 2632 21,70 1231 10,16 13,69
1974 2445 1828 19,55 1328 2582 28,60 1256 24,80 982 2240 26,01 2167 1234 1030 13,96
1975 24,23 19,00 1943 13,40 2583 28,60 1256 2520 982 21,85 2570 2363 1236 1044 1423
1976 24,04 18,82 19,30 14,80 2578 28,30 1256 24,10 9,82 2235 2545 2260 1244 1065 14,00
1977 2385 1864 19,18 16,20 2573 28,00 1256 23,00 982 2285 2520 2158 1252 1086 13,76
1978 2365 1846 19,06 17,60 2568 27,70 1256 21,90 9,82 2335 2495 2056 1260 11,07 13,51
1979 2346 18,29 18,98 1910 2563 27,40 1256 20,80 9,82 2385 24,70 1953 1267 11,27 1327
1980 2327 18,11 18,90 20,65 2559 27,12 1256 1963 9,82 24,31 2446 1849 1275 1147 1302
1981 2325 1820 1849 22,00 2557 26,89 1257 1933 982 24,00 2424 1836 1280 1164 1267
1982 2323 18,28 18,08 2340 2555 26,66 1258 19,04 982 2369 2402 1823 1284 11,80 1231
1983 2321 18,37 17,66 24,80 2553 2643 1259 18,75 982 2338 2380 1810 1289 11,97 11,95
1984 23,19 1845 17,25 26,20 2551 26,20 1260 1846 982 23,07 2358 1797 1294 1216 11,65
1985 23,17 18,53 16,83 27,90 2549 259 1261 1818 982 2277 2335 17,83 1298 1230 11,24
1986 2365 18,59 16,90 29,30 2548 26,25 1262 17,85 982 2254 2313 17,70 1292 1201 10,88
1987 2411 18,65 16,97 30,70 2547 26,55 1263 1752 982 2231 2289 1757 1286 11,72 10,52
1988 2458 18,71 17,04 3210 2547 26,84 1263 17,19 982 2208 2267 1744 1280 1143 10,16
1989 2515 18,77 17,14 33,50 2546 27,14 1264 16,86 982 21,85 2245 1730 1272 11,14 9,80
1990 2552 18,82 17,20 3515 2545 2743 1265 1654 982 21,63 2224 1717 1267 10,85 9,44
1991 27,86 1929 18,31 3645 2545 26,91 1346 16,34 943 2314 2247 1740 1248 10,79 9,32
1992 28,76 19,66 1846 36,88 2544 2503 1257 1633 943 2258 22,70 1795 1248 10,73 9,16
1993 28,76 20,09 18,85 37,27 2579 2516 1246 16,33 943 22,06 22,71 1788 1250 10,97 9,00
1994 28,76 20,30 18,91 37,65 2540 2561 1236 16,33 943 2235 22,70 1846 12,60 9,95 8,81
1995 28,76 20,08 18,86 38,15 2540 2533 11,83 16,33 943 2252 22,72 1825 12,80 9,71 8,85
1996 28,76 19,79 18,84 38,15 2540 2552 11,20 16,33 943 22290 2,70 1768 1280 9,90 8,70
1997 28,76 19,55 18,71 38,15 2540 2561 11,20 16,33 943 2335 22,72 17,11 12,80 9,85 8,71
1998-2020 | 28,76 19,34 18,71 38,15 2540 2557 11,20 16,33 943 2335 22,72 17,11 12,85 9,84 8,72

Figure 11: Proposed occupancy tineseries for buses for EU 15 countries from
TRENDS

2.2.2.3.  Statistics

- For France, SES’ (DAEI-SES, 2002) gives the following values: 27.7 passengers for
coaches in 1999 (28.6 in 2002), and 27.8 for buses (without RATP®).

- For UK, the national trade association for bus, coach and light rail operators shows that
the national average occupancy for buses and coaches is 117 (CPT, 2003).

- The Canadian Vehicle Survey (CVS, 2001) gives a value of 16 passenger/bus.

Variation with travel purpose

The French statistics (DAEI-SES, 2002) gives the average number of passengers per trip for
different types of coach travel (regular, occasional) and for different purposes (see Table 6). It
can vary from 22.4 passengers for coaches driving employees, to 40.3 passengers for travels of
more than 1 day.

> Service Economique et Statistique, Ministére de 1’équipement, des Transports et du Logement
® Paris public transport system
7 Public service vehicles only
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Travel type and purpose Average number of
passengers per trip
Regular 28.1
ordinary 25.7
School transport 33.2
Personal transport 22.4
Occasional 30.5
Interurban 33.9
Excursions (1 day) 329
Travel (> lday) 40.3
Other 26.1
TOTAL 28.6

Tabl e 6: Average nunber of passengers per trip for coaches in France

Table 7 presents bus activity by the type of operation for Canada (CVS, 2001). As can be
seen, bus occupancy rates averaged about 16 passengers per bus with the highest occupancies
found in charter activity at 33 persons per bus. Intercity and school buses averaged about 20
passengers per bus.

Type of operation Persons/bus
Scheduled urban n.a.
Scheduled intercity 19.3
School 20.7
Charter 33.4
Other 16.3

Tabl e 7: Bus occupancy rate by type of operation in 10 provinces in Canada
for year 2000

Variation with road type and time of the day

In the UK, the CPT (CPT, 2003) shows that much higher bus loading is achieved in urban
areas during peak times. In central London, the average bus loading is 37.5 at peak times. In
Birmingham the average bus loading in the morning peak entering the city centre is 28. High
loadings are also found during peak times on inter-urban routes and on many private hire and
tour and excursion coach services.
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2.2.2.4. Recommendations

As a first approximation, we can take an average value for the bus/coach occupancy rate in
Europe, i.e. 17 passengers. However, this value can vary with:

the country

the vehicle type: bus/coach

the travel types and purposes

the road type and time of the day

The method for calculating the occupancy rates (using calculated passenger-kilometres and
the calculated vehicle-kilometres) has to be improved.
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2.3. Load factor for goods transport

2.3.1. Definition

The load factor is the ratio of the average load to total freight capacity in tonnes. A difference
should be made between load factor for loaded trips (excluding empty running) and load factor
for all trips (including empty running).

The load factor is often defined as the number of tonne-km divided by the number of vehicle-
km.

2.3.2. European context

It seems that no EU-wide data is available on freight load factors. The country figures used in
this assessment may not be representative for the whole EU, but indicate the type of data that is
relevant.

The load factors of road transport in the EU are gradually increasing. However, this finding is
based on six Member States only and might not be valid for the whole EU (EEA, 2001):

- Load factors in Denmark, Germany, Spain and Portugal increased between 1980 and
1995.

- Load factors in the Netherlands, Finland and Sweden dropped significantly (by
10-17 %) between 1980 and 1995.

In the frame of the European project REDEFINE®, an overview of changes in economic
activity and road freight transport 1985-1995 was made for some countries. Table 8 gives the
ratios of changes of load factor calculated for these countries (Redefine summary report, 1999).

¥ Relationship between Demand for Freight-transport and Industrial Effects
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Country % of changes of the
load factor

France +7%

Netherlands -3%

Sweden -4%

United kingdom -4%

Tabl e 8: Ratios of changes of load factor for 4 European countries for the
peri od 1985-1995

In the cost-effectiveness study of Auto Oil II program (AOPII, 1999), load factors have
usually been computed for each transport mode as the ratio of traffic in tonne-kilometre to traffic
in vehicle-kilometre. In the case of trucks, thus, load factors represent an average over all sizes
of trucks, from 3.5T.

Region Mode/Year 1990 1995 2000 2005 2010 2015 2020
Italy Trucks 241 3.03 3.04 3.05 3.05 3.06 3.07

Table 9: Average |load factor for trucks in Italy (in tonne per vehicle)

In TRENDS project, we can find data on load factors for goods vehicles based on TERM data
(obtained from the Eurostat NewCronos database). These data provide load factors for road
freight transport without distinguishing however, between light and heavy duty vehicles or on
the basis of the loading capacity / gross vehicle weight (Table 10). In addition, there are several
gaps in this dataset, whereas some values are beyond the tolerated limits, which in this case are
set to 1.0 and 6.5 (data marked in red in Table 10). Several values in Belgium and France exceed
the tolerated limits, while inconsistencies are observed in Luxembourg, Denmark, Spain, Ireland,
Portugal and UK (Samaras Z. & al., 2002).

Load factors for road freight transport (tkm/vkm)

B DK D EL E F IRL I L NL A P FIN S UK
1970 4.3 23 34 47 27 2.6 1.7 34 36 22
1975 4.7 2.6 42 47 29 6.7 2.6 12 26 40 43 22
1980 5.1 21 43 29 72 40 36 19 28 17 24 47 39 22
1985 5.5 22 43 31 87 44 36 16 27 17 17 45 36 21
1990 8.7 22 4.5 31 125 37 30 25 16 54 47 32 20
1991 8.7 1.5 4.6 6.0 9.0 37 07 17 16 45 46 30 20
1992 2.3 44 32 125 25 37 70 25 15 64 44 29 19
1993 2.1 4.3 31 126 25 65 23 44 32 45
1994 2.3 44 32 131 23 24 45 33 46
1995 2.3 4.3 142 28 2.3 40 36 48
1996 22 4.5 12.7 27 2.3 47 441 38 47
1997 22 4.6 11.3 2.3 46 42 39 46
1998 2.2 11.5 48 43 38 50

Tolerated limits: greater than 1 and less than 6.5

Tabl e 10: Load factors for goods vehicles produced in tknfvkm by TERM for the
EU- 15 countries
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2.3.3. Statistics

UK statistics show that load factors (excluding empty running) remained fairly stable at
around 63 % between 1986 and 1996.

In Denmark, load factors for loaded trips fell from over 70 % in 1984 to 47 % in 1996, and
for all trips (including empty running) from 45 % to 38 % (see Figure 12). This smaller
reduction is caused by reductions in the share of vehicle-km running empty, which fell from
29 % in 1984 to 17 % in 1996. The decrease in load factors is the result of the combined effect
of increases in the loading capacity per truck and reductions in the weight transported per trip
probably due to declining densities of modern high-quality goods. Increasing demand for just-in-
time deliveries of high-value goods, together with relatively low transport costs, gives
companies an economic incentive to prioritise fast deliveries above a more efficient capacity
utilisation (TERM, 2000).

1984 |

All trips = :ggg
m 1993
1997
Loaded
trips

T T T T T T T T 1
0 10 20 30 40 50 40 70 B8O
% of total capacity

Figure 12: Load factor for trucks over 6 tonnes 1984-1996 in Dennark

The institute for road transport in Belgium gives the trends for the professional transport of
goods in Belgium. The Figure 13 shows the evolution of the load factor for trucks calculated as
the ratio of the km for loaded trips to the total running km. The load factor varies from 73% to
76.1%. The 2002 average (75.3%) is higher than the 2003 average (74.9%).
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Figure 13: Load factors for trucks in Bel gium
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In Canada, good data on the overall load factors of Canadian trucks appear to be unavailable,
although it is believed that trucks on average operate well below capacity, with possible recent
improvements. U.S. data are equally sparse. They suggest a declining load factor, at least in the
1980s (Sustainable Transportation Monitor, 2001).

2.3.4. Statistics from Austria

The ministry of transport in Austria gives the load factor for the HDV (Table 11). These
values include the empty running. Data on share of empty running is not available (Rexeis M. &
al., 2004).

Vehicle type Vehicle size Load factor %
(including
empty running)
Solo-Truck <75t 44
over 7.5t-12't 30
12-14 t 31
14-20t 22
20-26't 33
26-28 t 32
28-32't 33
>32t 33
<28t 53
Semi trailers and truck trailers 28-34t 73
34-40 t 68
Coaches <18t 65
> 18t 65

Table 11: Load factor for HDV in Austria

2.3.5. Statistics from Germany

The statistics of Germany (KBA, 2002) gives the percentage load factor of HDV vehicles for
loaded trips by vehicle weight (see Figure 14). The load factor ranges from 53% (for the < 7.5t
weight class) to 62% (for the 7.5-10 t weight class).
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Figure 14: Load factor for HDV in Germany

2.3.6. Statistics from Great Britain

Detailed information on the usage conditions for goods transport in Great Britain is available
in (HMSO 2003, 2002 and 1996). This information includes in particular average loading factors
as function of the vehicle categories. It also includes vehicle kilometres (loaded, empty, total) by
vehicle type and size and by mode of working.

Loading factor ranges between 40 and 65%. It is calculated as the ratio of the actual goods
moved to the maximum tonne-kms achievable if the vehicles, whenever loaded, were loaded to
their maximum carrying capacity. The statistics are presented in Annex 2.

Variation with vehicle type and size

The load factor varies with the vehicle type from 58% for the whole articulated vehicles to
52% for the whole rigid vehicles (see Table 12). It also depends on the size of vehicle for each
type. For example, for rigid vehicles, load factor is equal to 42% for vehicles with gross vehicle
weight over 3.5 to 7.5 tonnes and 65% for vehicles with gross vehicle weight over 25 tonnes.

25



hal-00546125, version 1 - 13 Dec 2010

Analysis of the load factor and the empty running rate for road transport

Vehicle type Vehicle size (gvw’ tonnes) % of load factor
Rigid vehicles Over 3.5t0 7.5 42

Over 7.5 tol7 40

Over 17 to 25 46

Over 25 65

All rigids 52
Articulated vehicles Over 3.5 to 33 43

Over 33 60

All artics 58
All vehicles - 57

Tabl e 12: Percentage of |oad factor by vehicle type in 2003 for G eat
Britain.

Variation with day of week

There is very few variation of the load factor with day of week, except on Sunday, with a
decrease of 5% for rigid vehicles, compared to other days.

Decrease with time

From 1985 to 2003, the load factor decreased by 0,7%/year for rigid vehicles and 0,8%/year
for articulated vehicles (see Figure 15).

? gross vehicle weight
Report INRETS-LTE 0419
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Figure 15: Tine variation of the average load factor in Great Britain

This decrease depends on the vehicle type and size (see Figure 16 and Figure 17). Example:
2,7%/year for rigid vehicles with a gross vehicle weight of 17 to 25t.

Determination of correction functions

Based on the available data, we have determined corrections functions for the time variation
of load factor for rigid and articulated vehicles.
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Thanks to these functions, we can determine relation between the load factor at a given year

ng and the load factor at a year n, as followed:

First, we have the relation for different types of vehicles for Great Britain:

LFgs'(n)=P*n+B
Where,

(Equation 1)

LFgg' (n) is the load factor at year n in Great Britain, for a vehicle type i.

P is the slope of the linear tendency.

B is a coefficient.

For years before 1985, we assumed that in Great Britain, the load factor is equal to the load

factor in 1985: LFgp(n<1985)=LFgp(1985).
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Moreover, for years after 2003, we assumed that in Great Britain, the load factor is equal to
the load factor in 2003: LFgp(n>2003)=LF55(2003). (This hypothesis is strong and could be
performed in the future).

We considered that the decrease of the load factor is the same all around Europe, and is equal
to the decrease in Great Britain, i.e. the slope P. We have therefore the load factor in Europe at a
year n for a vehicle type i:

LF'(n)=P*(n-ng)+LF'(no) (Equation 2)
Where LF(ny) is the load factor at a year ny.

This function, obtained for the vehicle types used in Great Britain, was adapted to the vehicle
types used in Artemis thanks to the relations given in Annex 3.

We also make the hypothesis that the load factor all over Europe cannot be higher than the
load factor in 1985 in Great Britain, and cannot be lower than the load factor in 2003 in Great
Britain.

We obtained therefore the functions given in Table 13 for the different vehicle types and
sizes. We propose to apply the evolution observed for UK for a given country for which the load
factor at year no, LF(no) is known.

Calculated load factor
Vehicle type |gvw(t) LF(n)=p*(n-n,)+LF(n) R?
where ny= given year; p = slope; n = year of the study
75 If n< nyg, LF(n)=min(0.225*(n-n)+LF(no); LFs(1985)) 033
) If n> ny LF(n)=max(0.225*(n-ng)+LF(ny);LFgs(2003)) )
7.5-12 If n< ny, LF(n)=min(-0.324*(n-ny)+LF(ny);LF5(1985)) 0.65
12-14 If n> ny, LF(n)=max(-0.324*(n-ny)+LF(ny);LF5s(2003)) ’
14-20 If n< nyg, LF(n)=min(-0.9175*(n-ng)+LF(no);LFp(1985)) 0.79
Rigid Vehicles If n> no LF(n)=max(-0.9175*(n-no)+LF(ng);LF55(2003)) i
0-26 If n< ny, LF(n)=min(-1.512*(n-ng)+LF(ng);LFg(1985)) 0.95
If n> ny LF(n)=max(-1.514*(n-ng)+LF(ny);LFp(2003)) ’
i:_ii If n< nyg, LF(n)=min(-1.5035*(n-ng)+LF(no);LF55(1985)) 0.97
- If n> ny, LF(n)=max(-1.5035*(n-ny)+LF(ne);LF5(2003)) ’
<7.5 If n< ny, LF(n)=min(-0,9772*(n-ne)}+LF(no);LF5(1985)) 0.86
7.5-28 If n> ny, LF(n)=max(-0.9772*(n-ny)+LF(ne);LF5(2003)) '
Articulated s 34 If n< no, LF(n)=min(-0.9414*(n-ne)+LF(ny);LFg5(1985)) 0.87
vehicles i If n> no, LF(n)=max(-0.9414*(n-no)+LF(n,);LF5(2003)) :
34-40 If n< nyg, LF(n)=min(-0.7667*(n-ng)+LF(ny);LF5s(1985)) 0.93
If n> ny LF(n)=max(-0.7667(n-ny)+LF(n,);LF55(2003)) )

Tabl e 13: Functions for the deternmination of a |load factor at a year froma
| oad factor at a given year
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2.3.7. Statistics from France
We have determined the load factor in France for different categories of rigid vehicle with the
following method:

- We first calculated the ‘real load’ transported as the ratio of the tonne-kilometres to
vehicle-kilometres, where these two parameters are function of the payload.

- Then we calculated a maximum and a minimum load factor for each category of rigid
vehicle as the ratio of the real load to the minimum or the maximum payload. The
difference between these two values is important, around 20%.

- We also determined an average load factor by the use of an average value for the
payload (see Table 14). Detailed data are presented in Annex 4.

A distinction is made between different modes of working:

“hire or reward” which correspond to goods vehicle operators who carry goods for
other people for hire or reward

- “own account” which are goods vehicle operators who only carry goods in the course
of their own trade or business.

Load Factor for rigid vehicles
Maximum load factor (%) Minimum load factor (%) Average load factor (%)
Payload (t) [Hire or reward] Own account Both Hire or reward| Own account Both Hire or reward| Own account Both
3,0-4,5 68 59 62 45 39 41 54 47 50
4,6-6,5 63 52 59 45 37 42 52 43 49
6,6-8,9 78 62 72 58 46 53 67 53 61
9,0-12,9 81 70 76 56 49 53 67 58 62
13,0-16,9 80 77 78 62 59 60 70 67 68
>17,0 63 80 73 36 46 41 46 58 53

Table 14: Calculated load factor for rigid vehicles in France (2001, from
data of (SES, 2002)).

Errors on this method

According to (HMSO, 2003), we can have errors up to +-10% on the measurement of the
tonne-kilometres. If we assume the same errors for French data, and an error of +-10% on the
vehicle-kilometres, we obtain an error of +-20% on the measurement of the real transported load.
Therefore, we obtain an error on the load factor, which is also important: more than +-20%,
since we have also taken an average payload.

Moreover, there is only one type of vehicles with a payload >17t whereas data from Great
Britain show a strong difference between 17-25t and >25t.
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2.3.8. Recommendations
A common definition of load factor excluding empty running rate must be used within
Artemis.

The value of the load factor for goods transport ranges from 35% to 80%. It depends on the
following parameters:

- vehicle type and weight: Based on the GB data, we have determined the variation of
the load factor:

o with vehicle type: average values: 0.9 for rigids and 1.05 for artics
0 With vehicle weight: 0.7-1.15 for rigids, 0.75-1.05 for artics

- mode of working: Based on the French data, we have calculated an average factor for
the variation of the load factor:

0 1.04 for hire or reward mode
0 0.95 for own account mode

- time: it tends to decrease with time. When data at year n, are available for a country,
defined correction functions can be used for time correction. We note that this trend is
related to the incentive system.

More work is needed to provide reliable and comparable data for load factors in particular in
the calculation including/excluding empty running.
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3.Empty running rate

3.1. Introduction

Definition

The rate of empty running vehicles is the rate of vehicle-kilometres without goods or
passengers.

European context

It seems that EU-wide data on empty hauling is not available, but a few country examples
indicate that there are large differences. Empty hauling makes up only 25 % of total truck
vehicle-km in Germany (German Federal Ministry of Environment and Nuclear Safety, 2000)
and more than 40 % in the Netherlands. In the United Kingdom, empty hauling fell from about
33 % to 29 % of total truck vehicle-km between 1980 and 1996. This may be explained by
longer journeys, more drops per trip, more load-matching services, a growth in the reverse flow
of packaging material / handling equipment, and greater efforts by shippers to obtain return
loads (EEA, 2001).

3.2. Buses and coaches

3.2.1. Statistics

According to French data (SES, 1999 and 2002) the empty running rate for buses and coaches
is not varying a lot with time. This empty rate was of 19% in 1999 for coaches (20.6% in 2002),
and 10.6% for buses (RATP not included).
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According to the data given by the RATP the proportion of empty running km is equal to:
- 6.96% (of the total running km)
- 7.48% (of running km with passengers)

Variation with the age of vehicle

However this rate is increasing with the age of vehicles, in particular for coaches (see
Table 15).

Vehicle age (years) % empty running
0-4 18.1
5-9 19.3
10-14 22.8
15-25 27

Tabl e 15: Percentage of enpty running by vehicle age in 2002 for coaches in
France.

3.2.2. Recommendations
In order to better take into account the empty running rate for buses/coaches, the following
points must be considered:
- When data are available, distinction between buses and coaches must be made.

- The use of a value of 25% for the empty rate seems to be not pertinent since we find
values of 19% for coaches and 10.6% for buses in France in 1999.

- The empty running rate increases with the vehicle age. This parameter could have an
impact if the age distribution is spread.
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3.3. Transport of goods

A half-loaded truck uses more than 90% of the fuel used per kilometre by a fully loaded
truck. Thus the fuel use per t-km is almost twice as high for a half-loaded truck (The Centre for
Sustainable Transportation, 2001).

3.3.1. European context

In the frame of the European project REDEFINE, an overview of changes in the rate of empty
running was made for some countries (Redefine summary report, 1999). We can notice a
decrease in the rate of empty running (see Table 16).

Country % of changes of the empty
running rate

France -21%

Netherlands -7

Sweden -7%

United kingdom -5%

Tabl e 16: Ratios of changes of enpty running for 4 European countries for the
peri od 1985-1995

3.3.2. Statistics

The Swedish Statistics from SIKA10 include the description of trip lengths (passengers and
freight) and the proportion of empty journeys. This proportion varies greatly between the
different commodity categories — general consignment showed an empty running proportion of
7%, while, for instance, round timber had an empty-journey proportion of 46%. The proportion
of empty journeys for Swedish lorries with a maximum load of at least 3.5 tonnes in domestic
traffic is given in Table 17.

' The Swedish Institute for Transport and Communications Analysis
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Year % empty running
1993 28
1994 26
1995 25
1996 23
1997 24
1998 24
1999 24
2000 24
2001 24

Tabl e 17: Exanple of percentage of enpty running in Sweden

The empty running rate is available for France and Great Britain and concerns an important
part of travels: 26.5% in 2002 in Great Britain for heavy duty vehicles (HMSO, 2003), and
25.2% in 2001 in France (SES, 2002).

3.3.3. Statistics from Germany

The statistics of Germany (KBA, 2002) gives the percentage load factor of empty running for
HDYV vehicles by vehicle weight (see Figure 18). The empty running rate ranges from 21% (for
the 30-40 t weight class) to 32% (for the < 7.5 t weight class) with an average value of 23%.
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Figure 18: Enpty running rate for HDV in Gernany
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3.3.4. Statistics from Great Britain

Variation with the vehicle type and size

As we can see in Table 18, this rate depends on the vehicle type and size. For both rigid and
articulated vehicles, the heavier the vehicles are the higher is the empty rate.

Vehicle type Vehicle size (gvw tonnes) % of empty running
Rigid vehicles Over3.5t0 7.5 26.3
Over 7.5 tol7 24.2
Over 17 to 25 254
Over 25 35.7
All rigids 27.9
Articulated vehicles ~ Over 3.5 to 33 21.0
Over 33 259
All artics 25.2
All vehicles - 26.5
Tabl e 18: Percentage of enpty r Uéwnitng by vehicle type in 2003 for G eat
rirtaln.

Variation with day of week

There is very few variation of the empty rate with day of week.

Decrease with time

We can also notice that the empty rate is decreasing with time in Great Britain (see Figure
19), from 31% in 1985 to 26.5% in 2002 (-0.9%/year) in average and with important decrease
for certain types of vehicles (-3%/year from 1985 to 2002 for rigid 17-25t). The statistics are
presented in Annex 5.
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This decrease seems to be European since Savin (Savin, SES 2000) points out a decrease of —
12% in Netherlands from 1980 to 1995, -10% in United Kingdom, -15% in Sweden and —23% in
France. This decrease is supposed to be reduced with time, since it does not exist any more in
France after 1997 (SES, 1998, 2001 and 2002). This decrease could be explained by an

improvement of the management of vehicles use.

Determination of correction functions

Based on the available data, we have determined corrections functions for the time variation

of empty running rate for rigid and articulated vehicles (see Figure 20 and Figure 21).

Year

29
y =-0,1167x + 260,52
28 A R*=0,5694
A A
27
. A
o0
26 =-
2 —

g o R =0,8201 g

= PY [ ]
25 °

g y =-0,4875x +99\8,P4\
‘§4 R2=0,8635 [ )
X

23

° °

22

21

20 ‘ ‘ ‘ ‘ ‘ L] ‘

1984 1987 1990 1993 1996 1999 2002

‘ ®  All articulated vehicles ® 3,5-33t A >33t
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Figure 20: Tine variation of

G eat

rate of enpty running for goods transport
Britain, case of articulated vehicles.
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Figure 21: Tinme variation of rate of enpty running for goods transport in
Great Britain, case of rigid vehicles.

Thanks to these functions, we determined relation between the empty rate at a given year nop
and the empty rate at a year n, as followed:

First, we have the relation for different types of vehicles for Great Britain between 1985 and
2003:

ERgg'(n)=P*n+B, (Equation 3)
Where,
ERGs' (n) is the empty rate at year n in Great Britain, for a vehicle type i.
P is the slope of the linear tendency.

B is a coefficient.
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For years before 1985, we assumed that in Great Britain, the empty rate is equal to the empty
rate in 1985: ERgp(n<1985)=ERGg(1985).

Moreover, for years after 2003, we assumed that in Great Britain, the empty rate is equal to
the empty rate in 2003: ERgp(n>2003)=ERgp(2003).

We considered that the decrease of the empty rate is the same all around Europe, and is equal
to the decrease in Great Britain, i.e. the slope P. We have therefore the empty rate in Europe at a
year n for a vehicle type i:

ER'(n)=P*(n-ng)+ER(no) (Equation 4)
Where ER(ny) is the empty rate at a year ny.

This relation, obtained for the vehicle types used in Great Britain, was adapted to the vehicle
types used in Artemis thanks to the relations given in Annex 3.

We also make the hypothesis that the empty rate all over Europe cannot be higher that the
empty rate in 1985 in Great Britain, and cannot be lower than the empty rate in 2003 in Great
Britain.

We obtained therefore the functions given in Table 19 for the different vehicle types and
sizes. We propose to apply the evolution observed for UK for a given country for which the
empty running rate at year no, ER(ng) is known.

Empty rate (ER%)
Vehicle type [gvw (t) ER(n)=p*(n-ny)+ER(n) R?
p=slope; n=year; n,=year of reference
75 If n<n,, ER(n)=min(-0.2247*(n-ng)+ER(ng);ERcp(1985)) 073
) If n> ny, ER(n)=max(-0.2247*(n-ny)+ER(ny);ER5p(2003)) )
7.5-12 If n<ny, ER(n)=min(-0.2674*(n-ny)+ER(ny);ER5(1985)) 0.88
12-14 If n> ny, ER(n)=max(-0.2674*(n-ny)+ER(ny); ERGe(2003))
14-20 If n<n,, ER(n)=min(-0.6346*(n-ng)+ER(ng);ERGp(1985)) 0.89
Rigid Vehicles If n> no, ER(n)=max(-0.6346*(n-no)+ER(n,);ER(2003))
0-26 If n<ny, ER(n)=min(-0,987*(n-ng)+ER(ny);ERGp(1985)) 0.93
If n> ny, ER(n)=max(-0.987*(n-ny)+ER(ng);ER5s(2003)) )
ig_ii If n<ng, ER(n)=min(-0.5412%*(n-ny)+ER(ng);ERG(1985)) 0.94
) If n> ny, ER(n)=max(-0.5412*(n-ng)+ER(ng);ERG(2003))
<7.5 [f n<ny, ER(n)=min(-0.4875*(n-ny)+ER(ny);ER5(1985)) 0.86
7.,5-28 If n> ny, ER(n)=max(-0.4875*(n-ny)+ER(ny);ER5p(2003))
Articulated If n<n,, ER(n)=min(-0.4245*(n-ny)+ER (no);ERa(1985))
vehicles 28-34 [f n> ng, ER(n)=max(-0.4245%(n-ng)*ER (n):ER 45(2003)) 0.82
34-40 If n<n,y, ER(n)=min(-0.1167*(n-ng)+ER(ng);ERcp(1985)) 0.60
If n> ny, ER(n)=max(-0.1167*(n-ny)+ER(ny);ER(2003))

Table 19: Functions for the determ nation of an enpty rate at a given year
froman enpty rate at another year.
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3.3.5. Statistics from France

Variation with the vehicle size

For the French case, the empty running rate increases with the vehicle size (Table 20) with an
average value of 27.9% for all vehicles.

Vehicle type Payload (tonnes) % of empty running
Hire or reward 3.0-4.5 18.1
4.6-6.5 16.8
6.6-8.9 20.8
9.0-12.9 21.0
13.0-16.9 31.0
>17 40.0
Own account 3.0-4.5 29.5
4.6-6.5 26.9
6.6-8.9 33.0
9.0-12.9 35.1
13.0-16.9 42.1
>17 41.9
All vehicles 279

Tabl e 20: Percentage of enpty running by vehicle type in 2001 for France for
rigid vehicles.

Variation with the owner of the vehicle

We have difference of 13.2% in 2001 between the two categories (21.8% for “hire or reward”
and 35.0% for “own account”), for a distribution of vehicles of nearly 50% in each category for
rigid vehicles, and 86,8% of hire or reward and 13,2% of own account concerning articulated
vehicles (SES, 2002).

Increase with the vehicle age

The empty rate increases with the vehicle age. Concerning France, we have determined the
correction of this rate in comparison with the average empty rate for different categories of
vehicles. Results are presented in Table 21 and Table 22.
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Rigid vehicles
Hire or reward Own account Both
Age Empty rate Correction Empty rate Correction Empty rate Correction
(year) (%) coefficient/ (%) coefficient/ (%) coefficient/
Average Average Average
0-1 20.3 0.95 33,9 0,99 26,6 0,95
2-4 19.9 0,93 33.0 0.96 25.8 0.92
5-7 20.2 0.94 32.8 0.96 26.4 0.95
8-10 23.8 1.11 334 0.97 29.0 1.04
11-13 29.5 1.38 38.7 1.13 359 1.29
>13 30.8 1.44 359 1.05 34.4 1.23

Table 21: Rate of enpty vehicle-kilonmetres as a function of the vehicle age
for rigid vehicles in France (2001), and correction coefficient Crelative to
the average enpty rate (ER=C*(average ER).

Articulated vehicles

Hire or reward Own account Both
Age Empty rate Correction Empty rate Correction Empty rate Correction
(year) (%) coefficient/ (%) coefficient/ (%) coefficient/
Average Average Average
0-1 19.6 0.89 34.6 0.95 21.0 0.88
2-4 19.8 0.90 32.8 0.90 21.3 0.89
5-7 24.9 1.14 38.4 1.05 26.9 1.13
8-10 30.2 1.38 38.4 1.05 32.1 1.35
11-13 32.8 1.50 44.2 1.21 36.1 1.52
>13 30.8 1.41 413 1.13 34.0 1.43

Tabl e 22: Rate of enpty vehicle-kilometres as a function of the vehicle age
for articulated vehicles in France (2001), and correction coefficient C
relative to the average enpty rate (ER=C*(average ER).
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3.3.6. Recommendations

In order to better take into account the empty running rate for goods transport, we can notice

that:

The empty running rate is decreasing with time. We have defined relations between an
empty rate at year no where data are available, and an empty rate at year n, for Artemis.
We note that this trend is related to the incentive system.

The empty running rate depends also on the age of the vehicle. Correction factors are
given for different ages based on the French data. This parameter could have an impact
if the age distribution is spread.

The use of an empty running rate of 25% as sometimes adopted is a good
approximation which corresponds to the average empty rate in Great Britain (26.5% in
2002) and in France (25.2% in 2001).

If data are available in European countries, the distinction between the two categories
of vehicles: “hire or reward”, (average empty running rate of 22% in France in 2001),
and “own account” (35% in France in 2001) should be done.

The distinction between “rigid vehicles” and “articulated vehicles” could also be done
if data are available. The average rate of empty vehicles is the same in France for these
two categories, but important differences exist, depending on the payload of vehicles.

The distinction between payload categories of vehicle should be done.
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4.L.oad patterns in ARTEMIS fleet model

The fleet model in Artemis takes into account the load pattern for heavy duty vehicles on
different road classes as a function of age. The veh-km is split in 3 load classes (empty/half
loaded/fully loaded). Sum must be equal 100% per age class. This split can be defined as a
function of age. If no data available, we use the same split for all age classes.

Definitions  Traffic

ARTEMIS / COST 346 }

Load Pattern on different road classes as a function of age Selected Country:
[35) £

Split of the wehkm in 3 Ioad classes (smpty/half Inaded/fully loaded]. Sum must equal 100% per age
class. Note: This spiit can be defined as a function of sge. If na data available, use the same spit for
all age classes.

Mame of the "load pattern”

LoadPattern [Com_LoadPattem I [userspecifisd

A_5LZ 34 bis 400 16 Yes

A5LZ 28 bis 34t 15 Yes T
£_5LZ unter 28 14 ez

A_%olo LKW/ iiber 20 13 “es

Ty Delete selected dataset
i v 12 bis 21 2 Ves

A Solo LKW 75 bis 12t 11 Yes

default 33% empty/hallloaded/fullloadl [relevant only for HDY and Buses) 5 Yes [fE4n

inelevant Inad patterns are relevant for HDW and buses only 0 Yes

Fige: Load 0%  Load50% Load100% _ AwigLoad 7
30 = 52,07 0% | 265

i = 52.0% 0% %] 26%]
2 - 5207 0% N 267
3 - 5307 0% 0% 2ﬁ
4 - 53.0%] 43.0%] 4.0%] 267] 2 1205
B - 53.0% 43.0% 4,02 26%] - 9
3 - 53.0%) 43.0%) 4.0 26%| oNE
7 - 53.0% 43,04 4,77 267 E s

= 53.0%] 0% %] 26%] -

= 53.0%] 0% % 267 S 0%
i = 52.0% .07 uj 267 & G
1 - 53,07 0% .07 23 £
2 - 5307 43.0% 4,07 267 %
13 - 53.0% 43.0% 4,02 26%] <
14 i 53.0%) 43.0%) 4.0 26 B D%:vN¢mmow<rmooowvomamvmmawqwm:vmtrmooo
i = 5305 1509 i S || @ Toewenzzz ANISERHASRSSIL2RHIRER
g 5 52.0% 42.0% 4,07 26%] Ao
17 & 53.0%] 43.0%] 4.0%] 267 Blaad_01% W lnad_50% Ol _100%
18 = 5207 4207 1.0 267 - — — =

MUK
#pémarrer H e MO H {JETUDES | EYoad-chaft02-04-1 - ticr... || Artemis 0.1 Goe@E 1657

Fi gure 22: Exanple of |oad pattern input screen in Artenis

Intermediate load classes (over 50%) can be expressed as function of half and fully loaded
classes as follows:

X+Y=100

With
X : % of distance travelled with 0% of load (empty running)
Y : % of distance travelled with LF
LF : Load Factor (%)
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X+Ys0+ Yi00=100
With
Yso : % of distance travelled with 50% of load

Y00 : % of distance travelled with 100% of load

We obtain the following system:
Y5() *50 + Y]()() *100=Y*LF
Ys0tYi00=Y

= Ys50= Y*(2-LF/50)
Y1()() = Y*(LF/SO-])

Report INRETS-LTE 0419
46



hal-00546125, version 1 - 13 Dec 2010

Conclusions

5.Conclusions

This report has provided a review of the available data and definitions of the load factor and
the empty running rate for vehicles. This has highlighted the numerous factors affecting these
parameters. The synthesis and analysis of statistics from Europe, France, Great Britain, etc, and
from international institutions enabled to highlight various aspects and difficulties. The report
has also developed a set of recommendations to consider when estimating pollutant emissions.
Such recommendations include correction functions for freight transport in term of variation of
the parameters with time for different vehicles types and sizes.
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Car occupancy rate in France

Populations, taux de motorisation et
taux d'occupation des voitures
situation Septembre 2003

Taux de

motorisation Taux

Enquéte Année Population | ramené ala | d'occupation

population das voitures

iotale
Aix 1980 227 000 0,48 1,34
Alx 1907 290 0o 0,53 1,31
Amigns 1070 158 000 0,20 1,40
Amigns T 153000 0,38 1,24
Angers 1050 L0 O 043 1,24
Avignan 1880 131 000 0,36 1,22
Balfort 053 0 UL U, 3k 137
Balfort 1Ll 127 LY U445 1,3
Bordeaux 1078 504 000 0,37 1,30
Bordeaux ] 7o UL U458 1,30
Bordeaux ] g1 oo U5 1,28
i harbourg 1804 &7 000 0,42 1,38
i larmont 1002 323 000 0,500 1,31
Cota Basque 19469 223 000 0,50 128
- ote d'azur 19981 1030 000 0,48 1,23
Lijon T05E 221 000 0,39 1,40
Diouai 15606 174 000 0,36 146
Dunkerqua 1991 202000 0,35 1,40
Elbeuf jEEE 55 UL U4 1,24
Etang Da Barmra 1200 326 000 0,44 1,26
ttang De Bama 1497 324 00 0,449 1,33
Taux de

mctorisation Taux

Enquéte Annés Population | ramend ala | d'occupation

population das voitures

totale

Fort de France 2000 170 D0 RE! 1.40
Granoble 1478 371 000 0,33 1,25
Granoble 1085 380 000 0,41 1,23
ranoble 1L 344 000 U444 1,3
Grenoble agglo 2002 385 000 0,51 1,31
ranoble Total 202 712 000 0,55 1,31
Le Havra 100 238 0o 0,37 1,28
Lille 1076 280 000 0,25 137
Liller LT ISR U,34 1,41
Lille aus] 1177 00 U471 1,37
Lorient 1852 171 000 0,34 1,25
Lyion T IS 0,30 1,32
Lyon 1985] 1 088 000 0.40 131
Lyon 1005] 1 220 000 045 1,29
harsailla 1476 L300 L0 0,25 1,43
Marsailla 1088 1137 000 0,37 1.4
Warsailla 1907 1 068 000 0,44 1,31
Iatz 1002 177 000 0,42 1,32
Mulhouse 1500 214 000 042 1,31
Hancy 10976 230 0o 0,259 1,34
Mancy LELE 245 U0 U441 1,32
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JinsEE popuiation )

Hantes 1080 456 000 0,32 1,23
Hantes TN 578 U0 43 1,30
Taux da
mictorisation Taux
Enquéte Annéa Population | ramené ala | d'occupation
population des voitures
totale

Urlaans 107 207 00 k] 1,47
Paris 1876 9691 000 0,29 1,21
Paris 10831 9030000 0,35 1,22
Hans K] IEDE GEINY 1,34 1,31
Paris 1008 10 751 000 0,40 1,22
Farpignan 1984 117 Lo 34 1,35
Ralms 1087 200 0o 1,38 1,23
Reims 1005 221 000 0,43 1,32
Reannes 10611 309 000 DER 1,21
Hennes 2000 352 000 0,50 1,28
Rouen 15606 382 000 0,43 1,23
saint Efienng 1007 435 000 42 1,43
Saint Etienne 2001 510 000 045 1,32
Saint Mazaira 1006 187 000 0,50 1,25
Strasbourg 1H5E JEB L0 1,38 1,24
Strasbourg 1947 508 000 045 1,29
Toulon 1455 2849 U0 1,3k 1,33
Toulon ] 357 L0 0,48 1,25
Toulouse 1978 542 000 0,37 1,33
Toulouse 1EEI0 BT 000 0,459 1,30
Toulouse 1 723 U0l [ 1,28
Troyes 1808 120 000 0,46 1,24
WValence 1051 130 0o 1,38 1,43
Walence (Rovaltain) 1891 228 000 047 1,23
Valenciannos 1085 220000 0,20 1,50
Walenciennes 1987 234 L0 U, 3k 1,43
SoUTe | arduttes ménanas diplacements Carly
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Load factors in Great Britain

Load factor

Load factor for rigid vehicles (% of loading)

Year/gvw  3,5-7,5t  7,5-17t

()
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

41
38
40
45
42
43
43
40
43
42
44
47
43
43
44
45
44
43
4

49
46
46
49
46
46
44
45
45
45
45
46
46
44
45
44
41
42
40

17-25t

76
73
71
72
69
70
68
66
65
65
63
62
62
59
58
51
51
48
46

>25t

91
89
90
88
86
88
86
84
82
80
78
77
75
73
71
70
67
68
65

in Geat Britain for

rigid vehicles (HVO 1995, 2002 and 2003)

Load factor for articulated vehicles (% of loading)

Year/gvw (t)
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

3,5-33t
65
61
59
58
56
54
51
48
49
50
49
50
48
48
47
47
46
45
43

>33t
76
75
75
75
73
71
70
69
70
69
70
69
68
68
65
66
64
62
60

Load factor in G eat

Britain for

articul ated vehicl es
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Average load factor (% of loading)

Year Rigid Articulate All
vehicles d vehicles vehicles
1985 60 69 66
1986 57 67 63
1987 58 68 64
1988 59 68 65
1989 57 67 64
1990 58 66 63
1991 56 65 62
1992 55 64 61
1993 55 65 62
1994 55 65 62
1995 56 66 63
1996 56 65 63
1997 55 65 62
1998 54 65 62
1999 54 62 60
2000 54 63 60
2001 52 62 59
2002 53 60 58
2003 52 58 57

Average |load factor in Great Britain
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Classification of vehicles by payload and gross vehicle weight in
France and Great Britain, and relation with Artemis.

Payload gvw (t)

(®)

3-4,5 3,5-5
45-6,5  5-15
6,5-9 7,5-12
9-13 12-16
13-17 16-26
>17 >26

Classification by payload in France

Vehicle type gvw (t)

Rigid vehicles <7,5
7,5-12
12-14
14-20
20-26
26-28
28-32
>32

Articulated vehicles <7,5
7,5-28
28-34
34-40

Classification in Artem s
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Analysis of the load factor and the empty running rate for road transport

Artemis Equivalent in France Equivalent in Great Britain
Vehicle gvw (t) Payload (t) gvw (t) gvw (t)
type
Rigid <7,5 37,5% (3-4,5) 37,5% (3,5-5) 3,5-7,5
vehicles +62,5% (4,5-6,5) +62,5% (5-7,5)
7,5-12 6,59 7,5-12 7,5-17
12-14  9-13 12-16 7,5-17
14-20  33% (9-13) 33% (12-16) 50% (7,5-17) + 50% (17-25)
+67% (13-17) +67% (16-26)
20-26 13-17 16-26 83% (17-25) + 17% (>25)
26-28  >17 >26 >25
28-32 >17 >26 >25
>32 >17 >26 >25
Articulated  <7.,5 37,5% (3-4,5) 37,5% (3,5-5) 3,5-33
vehicles +62,5% (4,5-6,5) +62,5% (5-7.,5)
7,5-28  22% (6,5-9) 22% (7,5-12) 3,5-33
+19,5% (9-13) +19,5% (12-16)
+49% (13-17) +49% (16-26)
+9,5% (>17) +9,5% (>26)
28-34 >17 >26 83% (3,5-33) + 17% (>33)
34-40 >17 >26 >33

Rel ati on between Artem s,

France and Great Britain.
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Vehicle-kilometres and tonne-kilometres for rigid vehicles in

hal-00546125, version 1 - 13 Dec 2010

France, 2001
Rigid vehicles Vehicles-kilometres (million) tonne-kilometres (million)
(without empty running)

Payload (t) Hire or reward Own account Both  Hire or reward  Own account Both
3,0-4,5 184 283 467 374,1 497,6 871,8
4,6-6,5 635 431 1066 1847,7 1031,9 2879,6
6,6-8,9 809 540 1349 4185,7 2215 6400,7
9,0-12,9 890 761 1652 6483,4 48223 11306
13,0-16,9 300 414 715 3138,3 4135,2 7273,5
>17,0 38 46 84 409,8 629.4 1039,2

total 2856 2475 5333 16439 133314 29770

Vehi cl e-kil ometres and tonne-kilometres for rigid vehicles in France, 2001

(SES, 2002)
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Rates of empty running in Great Britain

% of empty running for rigid vehicles

Gross vehicle weight 3,5-7,5t 7,5-17t 17-25t >25t
®

Year
1985 28,7 29,6 43,1 448
1986 28 28,3 42,6 44,7
1987 29,3 28,6 41,8 45,2
1988 28,6 28,5 41,1 44,8
1989 27,5 27,7 39,7 43,7
1990 28,5 27,2 40,1 44.6
1991 27,3 27,1 39,6 43,7
1992 26,6 25,9 39 42,4
1993 27,8 26,6 38,5 43,1
1994 26,2 26,3 38,1 42,4
1995 28 27,3 38,2 40,7
1996 27,3 26,6 35,6 40,9
1997 25,8 26,2 34,9 40,6
1998 26,3 25,1 32,6 38,8
1999 25,5 243 31,3 37,9
2000 24,3 25,2 28 37,7
2001 25,1 242 26,5 36,7
2002 24,3 24,9 26 37,5

Rate of enpty running in Great Britain for rigid vehicles (HVBO 2003)
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Rate of enpty running in Great Britain for articul ated vehicles.

% of empty running for articulated vehicles

Gross vehicle
weight (t)

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

3,5-33t

29,3
29,1
29,7
29
29,5
28,1
27,1
252
26,1
26,7
27,6
26
25,4
25
24,1
22,3
20,1
22,3

>33t

28,1
28,5
28,7
28,4
28,9
28,4
27,8
27,7
28,6
28,2
28,6
28,3
28,1
28
27,5
27,5
26,7
25,9

% average rate of empty running

Year
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

Rigid vehicles

32,2
31,1
31,9
31,5
30,6
30,8
30,1
29,1
30,0
29,1
30,2
29,5
28,8
28,2
27,5
27,3
27,2
27,6

Articulated vehicles

28,9
28,9
29,3
28,7
29,2
28,3
27,6
27,0
27,9
27,8
28,3
27,7
27,5
27,4
26,8
26,4
25,5
25,3

All vehicles
31,0
30,3
30,8
30,4
30,0
29,8
29,1
28,2
29,1
28,5
29,4
28,7
28,2
27,8
27,2
26,9
26,4
26,5

Average rate of enpty running in Great Britain.
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