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Indirekte energi  

Indirect energy use  

The use of indirect energy can be disaggregated into two processes: 

¶ manufacturing of transport means for the transport system (road, rail, air etc). 

¶ construction, operation and maintenance of infrastructure for the transport system. 
 

This document will analyze the system boundaries of indirect energy use for different transport 

systems, as well as the content of these infrastructures. The goal is to make the estimates for 

different transport infrastructures as comparable as possible and to present estimates for 

construction, operation and maintenance for these infrastructures. 

LCA Analysis 

LCA-analysis will be employed in order to analyze the use of indirect energy consumption for 

different transport systems. An LCA-analysis can be separated into four stages 
1
: 

1. Definition of goal and scope of the study. Especially important in this context is the 

definition of the transport system boundaries, what is to be included in the analysis 

and what is to be left out. Should railroad stations be included in the analysis of 

railway infrastructure? If yes, why not include parking houses or roadside restaurants 

or truck stops for road infrastructure? If no, are all relevant parts of the rail 

infrastructure included in the analysis? 

2. Analysis of the environmental impact of a product or service  through all itôs life-

stages, from excavation and manufacturing of materials needed for the product or 

process in question to itôs disposal after being used.   

3. Assessment of the local, regional or global effects of the use of a specific product or 

service. 

4. Interpretation of the results of analysis by evaluating the uncertainty involved in the 

analysis. What new knowledge is produced and how certain is this knowledge? 
 

An important part of LCA-analysis is to identify the different stages in the life-cycle of a 

specific product or process during its life-time use. This document will try to identify the 

different stages in constructing, operating and maintaining infrastructure for different 

transport systems. A transport system is organized around a specific infrastructure for its use. 

Road transport is defined as transport using road as infrastructure, rail transport use rails and 

tracks as infrastructure while air transport uses airports and runways. 

An LCA-analysis can be implemented mainly in three ways: 

a) Using input-output analysis.  Such an analysis is implemented using a matrix 

combining output from an economic sector with the input required to produce that 

output. A sectorôs production output can be measured in prices and income generated 

by that production. An LCA-analysis can be applied in order to identify input required 

                                                           
1
 Horvath, A. and Chester. M: Environmental Life-Cycle Assessment of Passenger Transportation, 

http://www.uctc.net/papers/844.pdf  s 7 

http://www.uctc.net/papers/844.pdf
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to produce a specific output all through the production chain of the product or service 

in question. The environmental impact of the production can be estimated using 

average emission factors pr produced output.  

b) Process analysis. This form of analysis tries to quantify the use of resources at each 

stage in the life-cycle of a certain product or service. Instead of starting off with a 

produced amount, this analysis starts with each stage or process and asks what input is 

needed in order to complete this stage. The environmental impact is analyzed tracing 

the use of materials and activities (i.e. excavation, manufacturing. transport) for each 

input. ñThe process-based LCA maps every process associated with a product within 

the system boundaries, and associates energy and material inputs and environmental 

outputs and wastes with each process.ò 
2
 

c) A combination of the two models described above. This is also referred to as a hybrid 

LCA-analysis.  The different forms of analysis can overlap or supplement each other. 

One form of analysis can be used to check assessments obtained in the other or 

uncertainty can be assessed by applying both of them in a restricted analysis for a 

certain activity in a certain life-stage of a product or service. 

 

The first analysis approach is top-down based. The analysis starts off with figures from an 

aggregated level and tries to work itself down to a more detailed picture of input in forms of 

materials and activities required to generate the observed output. The required input is 

deduced from the aggregated level. 

The second approach is bottom-up based. Figures at an aggregated level are obtained by 

summing up or aggregating figures generated by an analysis at a more detailed level. 

 

Transport mean  

The use of indirect energy for a given transport mean for a given transport system includes: 

¶ Manufacturing of the transport mean.  

ü Extraction of raw material. 

ü Fabrication of material. 

ü Production of parts. 

ü Assembling and installation of parts in factory. 

ü Disposing of transport mean. 

ü Heating of factories, comfort energy. 

¶ Service or maintenance of the transport mean. This includes fabrication of : 

ü Reserve parts. 

ü Tires. 

ü Lubricant oil. 

ü Stationary heating. 
 

 

                                                           
2
 ibid. s 7. 
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Road infrastructure  

Construction 

A road can be divided into three parts: 1) A tear and wear layer (bitumen), typically 10 cm for 

American roads, 16-25 cm for European ones. 2) A layer of supporting material (gravel, 

concrete). Typical values are 30 cm for American roads, 60 cm for European ones.  3) A 

strengthening layer called sub-base. This layer includes filling compound, crushed stones and 

gravel. Typical values are 100 cm for American roads, 150-180 cm for European ones. 
 

Construction of road infrastructure includes the following activities: 

¶ Movement earth, crushed stones and gravel. 

¶ Movement of building materials. 

¶ Digging of road track. 

¶ Blasting. 

¶ Stone drilling. 

¶ Manufacturing and transport of materials (asphalt, concrete). 

¶ Construction of bridges. 

¶ Construction of tunnels. 

¶ Construction of embankments for road. 

¶ Construction of level crossings, picnic areas. 

¶ Construction of sound protecting walls. 

¶ Manufacturing and transport of equipment  (road lighting including poles, safety 

barriers, fences) 

¶ Construction of parking lots. 
 

Operation 

Road operations include support system for the infrastructure. These activities include: 

¶ Clearing of snow. 

¶ Salting of roads. 

¶ Weed control, clearance of roadsides. 

¶ Cleaning of flood barriers. 

¶ Traffic lights. 

¶ Road lighting, especially in urban areas. 

¶ Ventilation and lighting of tunnels. 

¶ Parking lot lighting. 
 

Activities such as manufacturing and transport of materials should be included in estimates 

for energy use in the operational phase. 

Maintenance 

Maintenance consists of activities that physically change the infrastructure. Road maintenance 

involves the following activities:  

¶ Disposal of materials. 

¶ Replacement of surface layers. 
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¶ Use of construction machines in maintenance operations (including manufacturing of 

these construction machines). 

¶ Marking of roads (included in maintenance and not in operations since this is not a 

support function, but rather a modification of road surface). 

¶ Replacement of filling compounds and concrete for support and strengthening layers. 

¶ Replacement and reinforcement of road embankments. 

¶ Disposal of road materials. 

¶ Disposal of traffic lights, lighting and ventilation devices. 

¶ Replacement of parking lot surfaces. 
 

It is important to note that maintenance activities are directly dependent of the use of the road. 

They vary with road use. Operation activities on the other hand are largely independent of 

road use, i.e. operation of road lighting and traffic signals is not dependant on the number of 

cars served by the road. Maintenance activities are dependant of the erosion of the road and of 

the corrosion of materials used in road construction. Carbon dioxide reacts with concrete and 

cause corrosion of concrete armoring layer (carbonating). Use of salt accelerates this process. 

 

Rail infrastructure  

Construction 

Railway infrastructure consists of two main parts: 

¶ Track surface or track bedding 
3
 

ü ballast, 

ü rails, 

ü sleepers, 

ü base plate, 

ü fortification devices.   

¶ Track support layer or track substructure 
4
 

ü supporting layer, 

ü bridges, 

ü tunnels. 

 

In addition, rail infrastructure comprises railway stations.  They are treated differently by 

different authors. Heiberg (1992) keeps stations as well as workshops out of the analysis. 

Schlaupitz (2008) includes ñthe direct transport related partò 
5
 of railway stations in the 

analysis but keeps kiosks, restaurants and shops out of it. He also excludes train control and 

workshops.  Jonsson (2005) gives estimates both with and without stations.  Horvath and 

Chester (2008) 
6
 include stations in rail infrastructure, but they give separate estimates for 

                                                           
3
 Spielman, M., Bauer, C., Dones, R., Tuchschmid, M. (2007): έ¢ǊŀƴǎǇƻǊǘ {ŜǊǾƛŎŜǎέΣ 9ŎƻLƴǾŜƴǘ ǊŜǇƻǊǘ ƴƻ мпΣ 

2007, page 134. 
4
 ibid.  

5
 SŎƘƭŀǳǇƛǘȊΣ IΦΥ έ9ƴŜǊƎƛ- ƻƎ ƪƭƛƳŀƪƻƴǎŜƪǾŜƴǎŜǊ ŀǾ ƳƻŘŜǊƴŜ ǘǊŀƴǎǇƻǊǘǎȅǎǘŜƳŜǊέΣ bƻǊǎƪ bŀǘǳǊǾŜǊƴŦƻǊōǳƴŘ 

Rapport 3/2008, september 2008, http://naturvernforbundet.no/getfile.php/Dokumenter/rapporter/2008-
2007/Energi%20og%20klimakonsekvenser%20av%20moderne%20transportsystemer.pdf  page 7 
6 Horvath, A and Chester, M.:  Environmental Life-cycle Assessment of Passenger Transportation: A Detailed 

Methodology for Energy,  Greenhouse Gas and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, 

Heavy Rail and Air v.2 ,  University of California, Berkely, http://escholarship.org/uc/item/5670921q 

http://naturvernforbundet.no/getfile.php/Dokumenter/rapporter/2008-2007/Energi%20og%20klimakonsekvenser%20av%20moderne%20transportsystemer.pdf
http://naturvernforbundet.no/getfile.php/Dokumenter/rapporter/2008-2007/Energi%20og%20klimakonsekvenser%20av%20moderne%20transportsystemer.pdf
http://escholarship.org/uc/item/5670921q
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station construction, operation and maintenance. Horvath and Chester also includes train 

control, station lighting, station escalators and lighting for parking lots (including collector 

roads) in the analysis of railway stations operations. They provide separate numbers for all 

these activities. In addition they give estimates for station cleaning and station maintenance 

which both belong to the analysis of rail infrastructure maintenance.  

The handling of railway stations   triggers questions of compatibility with other infrastructures 

for other transport systems.  If they are included, how should roadside restaurants, gas stations 

or parking houses be handled for road infrastructure? Or restaurants and shops at airports for 

air infrastructure?   

Construction of rail infrastructure involves these activities: 

¶ Track surface: 

ü Construction of rails (made of stainless steel) 

ü Construction of fasteners for rails. 

ü Construction of rail switches. 

ü Construction of sleepers (made of concrete). 

ü Construction of embankment for supporting the track. 

¶ Track support layer 

ü Blasting of rocks and earth for digging out track. 

ü Movement of earth, crushed stones and gravel for bedding of tracks. 

¶ Support systems and materials required for the infrastructure 

ü Signal systems (including cables). 

ü Copper wires. 

ü Poles for the railway electricity distribution system. 

ü Ground foundations for poles. 

ü Isolators. 

ü Transformer oil. 

ü Electricity distribution system (with lower voltage than normal electricity 

distribution system).  

ü Catenary (cables providing electricity from railwayôs own electricity 
distribution system).  

ü Railway stations. 

ü Parking lots belonging to railway stations. 
 

Operation 

¶ Snow clearing of track. 

¶ Ventilation and lighting of tunnels. 

¶ Sound protection installations. 

¶ Installation and reinforcement of fences keeping wildlife from entering tracks. 

¶ Lighting and heating of railway stations. 

¶ Escalators in railway stations. 

¶ Lighting of parking lots belonging to railway stations. 

¶ Train control. 
 

                                                                                                                                                                                     
http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport  

 

http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport
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Maintenance 

Railway maintenance involves these activities:  

¶ Replacement of copper wires in railwayôs electricity distribution system. 

¶ Replacement of rails. 

ü Welding 

ü Fastening device for rails. 

¶ Replacement of sleepers. 

¶ Replacement of switches. 

¶ Lubrication of switches. 

¶ Weed control by herbicides for switches. 

¶ Disposal of materials. 

¶ Replacement and reinforcement of track embankments. 

¶ Disposal of track. 

¶ Disposal of electricity distribution system, signal and communication system. 

¶ Disposal of lighting and ventilation devices. 

¶ Maintenance of railway stations. 

¶ Maintenance of parking lots belonging to railway stations (surface replacement and 

replacement of parking lot lighting). 

 

 

Air transport infrastructure 7 

The most important activities involved in air transport are taxing to runway, startup at runway, climb 

to cruising altitude, cruising, approaching airport, landing, taxing to terminal and traffic control at 

airports or other specified location. 

Airports are included in air traffic system in this report. As opposed to road transport, airports 

are essential for air traffic in the sense that no air traffic would be possible without them. For 

road transport, parking houses and roadside restaurants are judged to be marginal as opposed 

to essential. It is possible to conceive of a road transport system without parking houses and 

roadside restaurants. All in all, such a definition of the system boundaries for road and air 

transport renders them partly incompatible with each other. This should be taken into 

consideration when evaluating their environmental impact against each other. Road transport 

will tend to be under-evaluated in terms of its total environmental impact with these system 

boundaries. 

Construction 

¶ Airport buildings construction 

¶ Runway construction 

¶ Tarmac and taxiways construction 

¶ Parking lot construction 

¶ Lighting system construction, including approach systems, touchdown lights, centerline lights 
and edge lights. 

¶ Construction of air traffic tower 

                                                           
7
 Based on Horvath, A. and Chester, M: Environmental Life-Cycle Assessment of Passenger Transportation, 

http://www.uctc.net/papers/844.pdf  p 12 

http://www.uctc.net/papers/844.pdf
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Operation 

¶ Operation of airport service necessary for air transport: 
ü luggage handling 
ü check in systems 
ü computer systems 

¶ De-icing of aircrafts 

¶ Operation of fuel distribution system for aircrafts 

¶ Operation of parking lots, parking houses and collector roads for ground traffic services for 
the airport. 

¶ Operation of buses for ground traffic services. 

¶ Electricity consumption of lighting, including approach systems, touchdown lights, centerline 
lights and edge lights 8 

¶ Ground support equipment  9   

¶ Parking (lighting) 
 

Maintenance 

¶ Maintenance of airport buildings 

¶ Maintenance of airport runway and tarmac, replacing layers after ordinary wear and tear. 

¶ Maintenance of traffic control buildings and systems. 

¶ Parking (replacement of layers for parking lot and collection roads) 

¶  

Empirical results  

Railway Infrastructure 10 
Table 1 Rail infrastructure energy impact 

Railway infrastructure 

 

 Heiberg 
2
 Jonsson Schlaupitz BART 

1  Caltrain 
1,4

 

Construction Single track Track substructure 2 328 2 161 9 436   

  Track base 5 150 6 300 6 779   

  Tunnels   17 429   

  Bridges   10 502   

  Tunnels and bridges 
12

 1 169  27 931   

  Sum 66 518  44 145   

  Track and power distribution    34 331 6 972 

 Track substructure Blasting  1300    

                                                           
8
Horvath & Chester, p 93.  

9
 For a complete list, see ibid. page 94. 

10
 Numbers for construction in GJ/track-km, for operation and maintenance in GJ/track-km/year.  For explanation of notes, see 

appendix. 
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  Movement of earth, stones, 

incl. drilling.  
3
 

 1785 16 912   

  Materials for substructure 
5
   16 629   

 Track base       

  Materials for contact wires, 

transformers, signal system, 

stations, platforms, lighting, 

service roads 
2 
 

  9 168   

  Welding  8,5    

  Rails  3675    

  Rail fastening  575    

  Installation  757    

  Ties  910    

  Ballast  133    

  Switchers  237    

 Stations 
6
   3 761  42 409 784 

 Parking lot stations    8 886 1 278 

 

Operation Station lighting 
7
    58 69 

 Station escalators 
7
 

  

   15 1,4 

 Train control    25 126 

 Parking lot lighting    342 43 

 Stations and workshops  27    

 Operations excl. stations and workshops  86    

 Materials, fuel and heating, incl. tunnels and bridges 

(primary energy) 
10

 

  
270 

  

 Train control and station lighting 11
   7   

Maintenance Total 66     

 Station cleaning 
7
    1,5  

 Diesel commuter rail 

Electrified railway 

Demolition 
8 

 

Single track substructure 
9
 

 139    

  157    

  1    

   152   

   30   
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 Single track support system 
9
 

Track maintenance 

Station maintenance 

   68 

1087 

49 

8 

 

The estimates for track substructure and track base without tunnels and bridges vary from  

7300 GJ pr track kilometer (Jonsson) to 16 200 GJ/track-km (Schlaupitz) for a single track 

railway.  These  numbers are in primary energy. The Schlaupitz estimate is larger mainly 

because of more crushing and moving of earth and stones in order to prepare the track 

substructure. His estimate for track base is more in line with the other estimates. Schlaupitzô 

estimate for substructure is based on construction of a railway in Sweden in an area with 64% 

solid rock. For each meter single track railway in open air rail tracks,  70 m
3
 crushing and 

moving of earth and stones  was required.  The Heiberg estimate is based on 39 m
3
 pr meter.  

Also, Schlaupitz estimates the need for crushing and moving of earth and stones in tunnels to 

be between 60 and 120 m
3
 for each tunnel meter and between 20 and 40 m

3
 for each meter of 

service tunnels. These estimates are based on discretionary adjustment of the observations 

from Sweden. He estimates different consumption of energy in form of diesel and electricity 

for different railway distances (open air track, tunnel track for main tunnel and service 

tunnel). Corrected for the amount of tunnels pr km of railway (37 m tunnel for each 100 meter 

railway track), he ends up with an estimate for substructure at 16 200 GJ/track-km.  We will 

consider this estimate to be the most well-founded of the estimates presented for rail 

substructure. 

As mentioned, the estimates for track base (including rails, sleepers, switchers, catenary, 

power distribution system etc.) from Jonsson, Heiberg and Schlaupitz are more in line with 

each other. 

For tunnels (including both track substructure and track base in tunnels) the estimate from 

Schlaupitz are considerably higher than the corresponding number from Heiberg measured in 

GJ/-tunnel-km or GJ/bridge-km. Table 2 shows the result. The estimates are unweighted 

which means that they measure the energy impact for one whole km of tunnel or bridge. 

When added to the other estimates for railway infrastructure, these estimates must be 

weighted by the proportion of tunnels and bridges pr km of railway track. This is done in 

Table 1 .  Schlaupitz refers to a proportion of 37% tunnel and 9% bridge for each railway 

track km. In addition he uses separate estimates for crossing railway bridges with a proportion 

of 0,5% for ach track km. Since Heiberg does not distinguish between bridges and crossing 

bridges these estimates are not included in Table 2. It should be noted that the proportions for 

tunnels and bridges from Schlaupitz are based on new railway tracks, they are not based on 

historical values for the existing railway infrastructure. As such, they are not fully 

representative for the existing railway infrastructure in Norway. We have used these weights 

uncorrected in this report. 

Table 2 Estimates for railway tunnels and bridges  

Unweighted 

GJ/ 

track-km Tunnels Bridges 

Heiberg 22 678 36 357 
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Schlaupitz   47 106 106 218 

 

It is not clear from the Heiberg report which weights are used to transform the estimates for 

tunnels and bridges to railway track km. The report mentions historical values for tunnels, 

bridges and the whole railway system from Norway 1990. When these weights are applied to 

the numbers above, the result is slightly higher than the sum energy impact for tunnels and 

bridges which is actually reported in the Heiberg report 
11

.  The proportion of tunnels in the 

Norwegian railway system in 1990 was 6,5%, the proportion of bridges was 0,8%. This is 

considerably lower than the proportions reported by Schlaupitz, but his numbers are more 

representative for railway infrastructure build today. 

Heibergôs estimate  for tunnels and bridges is  partly based on road construction and partly 

based on estimates from subway systems in USA. Schlaupitzô estimate is based on process 

analysis, on  the additional requirement for crushing and movement of stone and earth in 

tunnel building.  

Turning to bridges, the Heiberg estimate is a rough  adjustment of  estimates from America. 

The Schlaupitz estimate is based on building of a railway bridge in Sweden and two road 

bridges in Norway. He notes that railway bridges require slightly more energy than road 

bridges and adjust for this in his final estimate. Again, the Schlaupitz estimate is more process 

based and seems to be more representative for the Norwegian railway system. 

All in all, this report will use the Schlaupitz numbers for tunnels and bridges. In addition to 

tunnels and bridges, we include the Schlaupitz estimate for crossing bridges. The result is 

shown in  Table 1.  In order to transform the estimates into track km we have used the weights 

reported by Schlaupitz. The estimate from Heiberg for sum tunnels and bridges is taken 

directly from her report (see footnote above). It is assumed that crossing bridges are included 

in her estimates. As Table 1 shows, the estimate from Heiberg is considerably lower pr track 

km. This result is mainly due to the lower proportions of tunnels and bridges pr railway track 

km used in the Heiberg report in comparison to the proportions reported by Schlaupitz. 

The estimate for BART is very much larger than the other estimates. One reason for this is 

that the BART estimate includes power distribution system. Also, BART has a substantial 

amount of elevated tracks and underground tracks since BART is part of the San Francisco 

transport system. The numbers for Caltrain is more in line with the other estimates. It should 

be noted that the numbers for Caltrain and BART are calculated on basis of their passenger-

miles-travelled numbers as such: 

kmtrack

lifetimevehiclePMT
PMT

I

I

GJ

kmtrackGJ -

-

=
-

**

/
 

where I is input in form of energy consumption, PMT is passenger-miles-travelled and GJ is 

giga-joule. The numbers are in direct, not primary energy. The formula uses vehicle lifetime 

and not system lifetime. This is because the numbers used pr PMT use vehicle life-time to 

calculate the total numbers of PMT travelled in BART and Caltrain systems before 

normalizing any input on a PMT basis 
12

. 

                                                           
11

 Heiberg, table 3-11 page 60. 
12

 Horvath & Chester, page 53. 
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The track construction estimates for BART and Caltrain are obtained by a hybrid LCA-

analysis involving process analysis based on historical data as well as EIOLCA, a software 

tool for economic input-output analysis. 
13

 

Turning to estimates for construction of railway stations, the estimates vary widely. Estimates 

for BART and Caltrain are obtained by using EIOLCA, a software tool for economic input-

output analysis.  BART (Bay Area Rail Transit) has an estimate which is more then 50 times 

bigger than the estimate for Caltrain. It should be noted that BART is part of San Francisco 

subway system together with MUNI (San Francisco Municipal Railway, a public transport 

system for San Francisco county) 
14

.  BART has 43 stations of which 14 are aerial built on 

columns and 13 are built at ground without columns.  These are simpler stations 
15

, with ticket 

machines and no further facilities such as kiosks etc. The underground stations are partly 

shared with MUNI  ( 5 of total 16 underground stations)  
16

 . The underground stations are 

bigger with more facilities. Therefore BART is not directly compatible with other railway 

systems.  

Caltrain has much simpler stations:òétwo platforms are constructed at grade on the side of 

the tracks.ò 
17

 There are no underground stations. The estimate for Caltrain and Bart stations 

are based on the amount of concrete required to construct each one of them. Each BART 

aerial station requires 14 625 m
3
 of concrete while each surface station at grade requires 

12 460 m
3
. Each Caltrain station requires 510 m

3
 of concrete. The estimate for Caltrain is far 

lower pr track-km than the one for BART.  A reasonable estimate for Norwegian stations 

would lie within this range, probably leaning towards the Caltrain side since BART is partly a 

subway system.  

As a combination of commuter rail system and an inner-city public transit system, BART has 

a lot of parking facilities, probably more than a long distance railway service. In commuter 

systems, passengers are encouraged to park their cars and continue their travel by rail. But 

aside from this reservation, construction of parking lots contributes a significant part of 

energy consumption for total railway infrastructure. Estimates for parking lots include a 10% 

addition for access roads 
18

. BART has 45 890 parking spaces while the corresponding 

number for Caltrain is 7 814. For BART, this means one parking space for every 28 000 

passenger-mile travelled or approximately one for every 46 000 passenger-km travelled. 

Assuming that each passenger travels around half the total BART distance, this should give 

one parking space for approximately every 500 passenger. The same calculation for Caltrain 

gives one parking space for every 400 passenger. Parking estimates for BART and Caltrain 

                                                           
13

 http://www.eiolca.net/  
14

 άΧ.!wT is a hybrid metro-commuter system, functioning as a metro in the central business districts of San 
Francisco, Oakland and Berkeley, and as commuter rail ƛƴ ǘƘŜ ǊŜƎƛƻƴϥǎ ǎǳōǳǊōŀƴ ŀǊŜŀǎέΣ έΣ 
http://en.wikipedia.org/wiki/Bay_Area_Rapid_Transit 
15

 άMany of the original system 1970s era BART stations, especially the aerial stations, feature simplistic 
BǊǳǘŀƭƛǎǘ !ǊŎƘƛǘŜŎǘǳǊŜέΣ http://en.wikipedia.org/wiki/Bay_Area_Rapid_Transit  
16 Horvath, A & Chester, M.: Environmental Life-cycle Assessment of Passenger Transportation: A Detailed 

Methodology for Energy,  Greenhouse Gas and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, 

Heavy Rail and Air v.2,  

http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport ,  page 57 

17
 ibid, page 58. 

18
 Each parking spot has an area of 330 ft2 including access roads, 300 ft2 without. Energy consumption is 

calculated from PaLate, a software program developed at Berkely University, 
http://www.ce.berkeley.edu/~horvath/palate.html  , ibid. page 64. 

http://www.eiolca.net/
http://en.wikipedia.org/wiki/Bay_Area_Rapid_Transit
http://en.wikipedia.org/wiki/Bay_Area_Rapid_Transit
http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport
http://www.ce.berkeley.edu/~horvath/palate.html
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are obtained by using PaLATE, a software tool for assessing life-cycle impacts of pavement 

construction. 
19

 

From this discussion it is obvious that the level for railway infrastructure estimates will be 

dependant on whether stations and parking lots are included or not. It is not unreasonable to 

assume that the energy required for stations and parking lots together for Norwegian 

commuter rail system are on the same level as the energy required for the whole track 

substructure as they are estimated by Heiberg and Jonsson in the table above. As a corollary, 

the definition of system borders for rail infrastructure is highly important when comparing 

different estimates. 

 

Operation 
Table 3 Energy impact of railway infrastructure operation 

Process, product or material Construction Source 

Total energy for operation exclusive railway 

stations and workshops. Exclusive loss of energy by 

converting power to lower voltage. 

52 GJ/track-km/year Jonsson, p 25 

Total energy for operation exclusive railway 

stations and workshops. Inclusive loss of energy by 

converting power to lower voltage. 

86 GJ/track-km/year Jonsson, p 25 (Swedish Rail 

!ǳǘƘƻǊƛǘƛŜǎΩΣ Banvärkets, 

own estimates) 

Total energy for operation inclusive railway stations 

and workshops. Inclusive loss of energy by 

converting power to lower voltage. 

113 GJ/track-km/year Jonsson, p 25  

Railway stations and workshops 27 GJ/track-km/year Jonsson, p 25 

Railway stations (station lighting, station escalators, 

train control, parking lot lighting) 

440 GJ/track-km/year BART (Bay Area Rapid 

Transit), Horvath & Chester 

Railway stations (station lighting, station escalators, 

train control, parking lot lighting) 

239 GJ/track-km/year 

 

Caltrain, Horvath & Chester 

Materials, fuel and heating (thermal energy) , incl. 

tunnels and bridges (primary energy)  

 

270 GJ/track-km/year 

 

Schlaupitz, page 46, table 8-

16 20. 

 

Estimates for BART and Caltrain are obtained by using process analysis with historical data from US 

Department of Energy, among other sources. As the table shows, the estimates for BART and Caltrain 

are quite a lot higher than other estimates shown. One reason for this can be the inclusion of parking 

                                                           
19

 http://www.ce.berkeley.edu/~horvath/palate.html  
20

 The numbers from Schlaupitz are weighted by proportion of tunnels and bridges pr track km. See discussion 
above. 

http://www.ce.berkeley.edu/~horvath/palate.html
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lot lighting in these estimates. This item alone makes up 342 of the total 440 GJ/track-km/year for 

BART. Estimates for BART and Caltrain also include train control. For Caltrain, this activity accounts 

for 126 GJ/track-km/year. 

For BART, parking lot lighting is the single most energy-demanding activity for railway operation. 

Lighting for accessory roads is included in the estimate. For Caltrain, train control is the single most 

significant activity for railway infrastructure operation. The numbers from Schlaupitz and Jonsson are 

not detailed to the same level as the estimates for BART and Caltrain. 

Numbers for BART and Caltrain do not include activities such as snow clearing, fences for wildlife, 

tunnel lighting and ventilation and sound protection installations. The numbers quoted from 

Schlaupitz include these activities. In addition, his numbers are in primary energy and they include 

energy for lighting and ventilation in tunnels as well as heating. It is assumed that these figures are 

corrected for the amount of tunnels and bridges pr rail km.  

The numbers from Schlaupitz are well in line with the numbers quoted from Jonsson. The Schlaupitz 

numbers are in primary energy, it is assumed that this also is the case for the Jonsson numbers. The 

numbers from Schlaupitz are weighted by the proportion of tunnels and bridges pr track km. 

Schlaupitz finds that heating is among the most significant contributors to energy impact by railway 

infrastructure operation, for surface tracks as well as for tunnels and bridges. His numbers also 

include energy for train control systems. They do not include energy for parking lot at railway 

stations. Schlaupitz also gives estimates for train control and station lighting. These numbers are 

substantially lower than corresponding numbers from Caltrain and BART. 

Summing it all up: If we include tunnel ventilation and lighting as well as heating, Schlaupitz ends up 

with an estimate of 270 GJ/track-km/year for railway infrastructure operation. This estimate is in 

primary energy. It does not include parking lots lighting. Jonsson ends up with an estimate at 113 

GJ/track-km/year including stations and workshops, in primary energy. He does not explicitly state 

that tunnel ventilation and lighting as well as parking lots are included, so this is questionable. The 

numbers from Bart and Caltrain do not include tunnel ventilation and lighting, neither heating. In 

total, BART uses 440 GJ/track-km/year and Caltrain 239.   

Caltrain and BART uses 0,044 MJ/passenger-miles travelled on parking lot lighting 21. This 

corresponds to 0,0273 MJ/passenger-kilometer. In 2006 the number of passenger kilometers on 

Norwegian railroads was 3301 million 22 and the number of kilometers  on the Norwegian single track 

railroad network was 3887 km 23. Multiplying the energy impact pr passenger km from Caltrain and 

BART and dividing by the total amount of km on the rail network we get 23 GJ/track-km for parking 

lot lighting for the whole Norwegian rail network. This estimate is probably too high since Caltrain 

and BART are commuter rail networks and the Norwegian rail network comprises regional train as 

well as commuter rail. Anyhow, we add 20 GJ/track-km to the operation estimate from Schlaupitz 

and get 290 GJ/track-km for rail infrastructure operation including parking lot lighting. 

The numbers from BART is not representative for an average Norwegian railway system. BART shares 

infrastructure and operation with MUNI, a subway system in San Francisco. The numbers for BART is 

                                                           
21

 Horvath & Chester, p 69. 
22

 http://www.ssb.no/aarbok/tab/tab-416.html 
23

 http://www.ssb.no/aarbok/tab/tab-417.html 
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corrected for this shared infrastructure, but still BART has the characteristics of a subway system 

with several underground stations.    

Maintenance 
Table 4 Energy impact of railway infrastructure maintenance 

Process, product or material Construction Source 

Total energy for  maintenance of diesel commuter 

rail in USA 

139 GJ/track-km/year Jonsson, p 27 

Total energy for maintenance of electrified railway, 

USA 

487 GJ/track-km/year Jonsson, p 27 

Total energy for maintenance of electrified railway, 

Canada, lifespan 25 year 

157 GJ/track-km/year Jonsson, p 27 

Disposal of side tracks and utility tracks, calculated 

in Sweden 

35 GJ/track-km Jonsson, p 28 

Total energy for maintenance, exclusive fabrication 

of machines and fuel 

30 GJ/track-km/year Jonsson, p 27 

Energy for infrastructure maintenance for  BART 

USA, single-track electrified commuter rail 

1 157 GJ/track-km/year Horvath and Chester   

page 67-69 

Energy for infrastructure maintenance for  Caltrain 

USA, single-track diesel engine driven railway train 

57 GJ/track-km/year Horvath and Chester  p 

27 67-69 

Energy for single track substructure and support 

system maintenance (incl. stations) 

182 GJ/track-km/year 

 

Schlaupitz, page 41 and 

42 

 

Schlaupitz divides maintenance activities in three categories 
24

: 

¶ fuel consumption for vehicles used in maintenance activities, 

¶ electricity and heating consumption, 

¶ energy released from use of materials, including materials for buildings such as 

railway stations. 

 
Horvath and Chester identify the following activities as essential for railroad track maintenance: 

¶ material replacement, 

¶ grinding (or smoothing) 

¶ inspection. 

 

                                                           
24

 Schlaupitz, page 41 and 42 
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Horvath and Chester use factors derived from SimaPro 25 to calculate the energy impact of railroad 

maintenance. The figure for BART is 68 GJ/track-km/year while the corresponding number for 

Caltrain is 49 GJ/track-km/year.  

 

Schlaupitz ends up with an estimate of 182 GJ/track-km/year for track substructure and support 

system (excluding track bedding). His numbers include tunnels and bridges which is not the case for 

Horvath & Chester. His estimate is corrected for the proportion of tunnels and bridges pr track km. 

Schlaupitz includes both energy impacts from material consumption as well as energy related to 

vehicle use in reconstruction activities. In addition, he includes support systems in his calculations, 

systems that include replacements of wires and signal system for train control, railway station 

maintenance, platforms, fences, lighting and signposts. 

Horvath & Chester additionally include estimates for station maintenance which include activities 

such as station cleaning, routine rehabilitation and reconstruction. Horvath & Chester assume a fixed 

percentage (5%) of initial construction impact as relevant for yearly station maintenance. Again, it 

should be noted that BART stations vary widely since the system is part of San Francisco municipal 

transit system which include a subway system with underground stations. Caltrain stations are very 

ǎƛƳǇƭŜΣ ƳƻǊŜ ǇǊŜŎƛǎŜƭȅ ŘŜǎŎǊƛōŜŘ ŀǎ άƻǳǘŘƻƻǊ ǇƭŀǘŦƻǊƳ-ǘȅǇŜ ǎǘŀǘƛƻƴǎέ 26. Consequently, station 

maintenance energy for BART is about 135 times the corresponding value for Caltrain.  

Heiberg gives an estimate for maintenance of Norwegian railroads of 18 380 kWh pr track-km/year 

which is 66 GJ/track-km/year 27. We assume that this estimate is for single-track railway. It is not 

clear from the text whether Heiberg separates operation from maintenance. 

All in all, for Norwegian railways it is fair to believe that the number from Schlaupitz is quite 

representative. The figures based on his report which are presented here do not include track 

bedding. Schlaupitz gives estimate for track bedding in negative numbers in order to avoid counting 

energy impact twice, both during construction and reconstruction. The negative numbers add up to 

43 GJ/per track-km /year 28 , including tunnels and bridges. Then again Schlaupitz does not include 

kiosks and restaurants in railway stations which may underestimate the impact of railway stations on 

rail maintenance. All in all it is reasonable to believe that an estimate of 250-300 GJ/track-km/year is 

representative for maintenance of Norwegian railroads. 

 

 

 

 

                                                           
25

 Ref.  http://www.pre.nl/simapro/  
26

 Horvath & Chester, page 63. 
27

 Heiberg, page 59 
28

 Schlaupitz, Table 8-10, page 42. 

http://www.pre.nl/simapro/
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Road Infrastructure 29 
Table 5 Energy impact of road infrastructure 

   Heiberg 
1
 Jonsson Schlaupitz  

1 ,4,5 
 

Horvath 

Chester 
2
 

Constr. Road 

substruct. 

Two lanes excluding 

tunnels and bridges 

Building 
3 752 2 694 5 364 

 

  Two lanes, tunnels 

and bridges 

Building 
  45 032 

 

  Four lanes excluding 

tunnels and bridges 

Building   
18 238 

 

  Four lanes, tunnels 

and bridges 

Building   
87 617  

  Two lanes excluding 

tunnels and bridges 

Materials 
4 786  677 

 

  Two lanes tunnels 

and bridges 

Materials   
249 880 

 

  Two lanes rural road Materials     521 

  Two lanes urban 

road 

Materials     646 

  Two lanes rural road Process equipment    27 

  Two lanes urban 

road 

Process equipment     33 

  Two lanes rural road Transport materials     158 

  Two lanes urban 

road 

Transport materials    195 

 Road 

surface 

Two lanes Fuel 54    

  Two lanes Materials excl. bridges 

and tunnels 

3 938  3 830  

  Two lanes Materials for bridges 

and tunnels 

  11 344  

                        Two lanes rural road Manufacturing 

materials  

   1700 

 Two lanes urban road Manufacturing 

materials  

   2103 

                        Two lanes rural road Process equipment    11 

 Two lanes urban road Process equipment     14 

                         Two lanes rural road Transport materials     2725 

                                                           
29

 For explanation of notes, see appendix. Numbers for construction in GJ/km, operation and  maintenance  in 
GJ/km/year. 
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 Two lanes urban road Transport materials    2774 

 Parking     370 

 Road 

infrastruct. 

Two lanes, Sweden. 

Asphalt 

Total  7 668   

  Two lanes tunnels and bridges, building and 

materials 

194 400  306 256  

  Two lanes including tunnels and bridges, 

weighted sum 

13 731  14 012  

  Two lanes Sweden,  concrete surface  11 484   

  Highway, Sweden 2 lanes  12 960   

  Freeway USA 6 lanes  44 740   

Road operation  Snow clearing, road salting, road lighting  27 253 
5
 47 

Maintenance Rural road Incl. manufacturing  of machines 
 
  367   

 Highway 
3
 2 lanes Sweden. 20 years life, 4000 vehicles/day  350   

 Highway 6 lanes USA concrete, 50 years life, 52800 vehicles/day 1 029   

 Highway 4 lanes Canada, 20 years life 22 000 vehicles/day 308   

 Rural road Sweden. 2 lanes. 40 years life. Asphalt.  72   

 Rural road Sweden. 2 lanes, including manufacturing and 

maintenance of process equipment 

 367   

 Rural road Finland. 2 lanes. 40 years life.  66   

 City road USA. 2 lanes. 40 years life.  123   

 Standard 2 lanes, Norway   445 
4
  

 Relaying of asphalt surface 289    

 

Estimates for energy consumption for subbase building in a two lane road vary from 2 694 GJ/road-

km to 5 364 GJ/road-km. These estimates exclude tunnels and bridges. The lowest estimate is based 

on Swedish roads, the highest on Norwegian ones. The terrain in Norway is more demanding with 

mountain passes and generally more hills than in Sweden. The road geometry (width and length of 

roads, thickness of subbase) is roughly the same.   

Estimates for subbase materials in a two lane road vary more. Heiberg reports 4786 GJ/road-km 

excluding tunnels and bridges while Schlaupitz reports much less, 677 GJ/road-km. The estimates 

both from Heiberg and Schlaupitz include transport of materials. The Heiberg estimate also includes 

depreciation of machines.  He also uses a road lifetime of 100 years while Heiberg uses 40 years.  

Turning to road surface (wear layer) we find that the estimates from Heiberg and Schlaupitz 

correspond very well. Heiberg reports 3 938 GJ/road-km while the Schlaupitz estimate is 3 830 

GJ/road-km.   
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Estimates for tunnels and bridges in road construction range from 194 400 GJ/tunnel-km in Heiberg 

to 306 256 GJ/tunnel-km in Schlaupitz. This includes both road subbase and surface. Some of the 

discrepancy in the two estimates can be explained by diverging proportions of tunnels and bridges in 

the road system. Schlaupitz uses an estimate of 50 m tunnels for every road-km, the corresponding 

number from Heiberg is 13,4. Since the Heiberg report is 16 year older than the Schlaupitz one, there 

is reason to believe that newer roads in Norway will generally have a larger proportion of tunnels 

than older ones. Also the Schlaupitz estimate is more detailed, specifying 73 m3 of average mass 

excavation in two lane tunnels and an average transport distance of the excavated mass of 4000 m 

(page 54). Heiberg uses a factor of 3 for tunnels in comparison to ordinary road subbase. Since 

ordinary subbase requires 14 300 m3 pr km Heiberg will have 42 900 m3 of subbase excavation pr km 

tunnel which should be 42,9 m3 pr meter. This difference in mass excavation will be one explanation 

for the divergence of estimates. 

The numbers for tunnels quoted above is in tunnel-km. When we add these estimates to other road 

estimates, we should adjust for the number of tunnel meter pr road kilometer.  We need to do this 

since there is not one tunnel km for every road km. The same goes for bridges. Doing this correction, 

we end up with 14 012 GJ/road-km from Schlaupitz and 13 731 from Heiberg. This includes both road 

subbase and surface. 

Jonsson ends up 11 484 GJ/km for an estimate for a Swedish two-lane road. Supposedly this includes 

tunnels and bridges. The Swedish two-lane roads have a width of 13 m. Schlaupitz uses an estimate 

of 9,5 m width for Norwegian roads while Heiberg uses 6-7 meter for the same roads. The 

discrepancy between the two reports could be explained by changes in Norwegian road construction 

in the 16 year time span between the two reports. The relative distribution of energy on road surface 

and road subbase should be about the same for Swedish and Norwegian roads 30. 

American roads have a different composition of surface and subbase and they also have a different 

lifetime compared to European roads  31. The subbase in European roads has a 60 cm support layer 

and a 150-180 cm layer of reinforcement materials such as gravel and  stones. The corresponding 

numbers for American roads are 30 cm and 100 cm. The surface in European roads is usually a layer 

of 16-25 cm, for American roads the corresponding number is 10 cm. Also American roads have 

lifetime of 20 years while a European one should have 40 years, according to Jonsson. According to 

Horvath and Chester 32, a local rural two-lane American road will have a total width of 31 feet which 

is 9,5 meter. These numbers include width for the road shoulders.  A two-lane local urban road has  a 

total width of 11,3 meter. Heiberg 33 claims a Norwegian road is between 6 and 7 meter wide pluss  

road shoulders  between 0,5 and 1,5 m, so about 8 meters width should be a resonable estimate for 

road width in Norway for a two-lane road. Norwegian roads should accordingly be fairly comparable 

with local rural roads in USA. 
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 See Heiberg, page 47. 
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 Jonsson, page 21. 
32

 Horvath and Chester, 
http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport , page 28. 
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 Horvath and Chester use a 10 years lifetime for American roads, which is even less then the number 

quoted from Jonsson. Interestingly, Schlaupitz uses 100 years lifetime for Norwegian roads. 34  This 

divergence in lifetime estimates will obviously have an impact on estimates of energy consumption 

for road construction, road operation and road maintenance.  

Horvath and Chester find that the subbase for an American two-lane rural road uses 706 GJ/road-km 

for materials, process equipment and materials transport. The corresponding number for surface is 4 

437 GJ/road-km 35. In total, the number is 5 143 GJ/road-km for a two lane rural road.  This is a low 

estimate compared to the estimate for Swedish roads referred to by Jonsson. This is probably due to 

smaller subbase and surface layers on American roads. It is not clear from the text whether the 

estimates from Horvath and Chester include tunnels and bridges, presumably they do not. They have 

used a pavement life-cycle assessment tool, PaLATE, developed at University of California, Berkely. If 

we throw in parking, their estimate raises to 5513 GJ/road-km. If we assume this estimate to be 

without tunnels and bridges and taking the lesser quality of American roads into consideration, this 

estimate is reasonable compared to Swedish and Norwegian estimates pr road km. 

All in all, one kilometer of two-lane road construction in Norway is expected to use about 14000 GJ of 

energy, including tunnels and bridges and including energy for materials excavation and 

manufacturing, process equipment, building and transport of materials. 

According to estimates given in Jonsson, a 6-lane American highway is expected to use about 3,8 as 

much energy pr road kilometer as the estimate for Norwegian two-lane roads given here. The other 

extreme is a one-lane Swedish forest road which uses 1475 GJ/road km. This road has no asphalt 

surface layer and no reinforcement layer in subbase. 

Jonsson gives an estimate for earth moving of  2500 GJ/road-km.  From Heiberg, fuel for earth 

moving is estimated to 755 000 kWh pr road km. which is  2718 GJ/road-km, excluding materials.  

Adding energy for subbase and surface we end up with 3758 GJ/road km for the whole road, 

excluding materials. This number is in primary energy, excluding tunnels and bridges. 

Schlaupitz gives an estimate for energy consumption for building the road subbase which is 7,5 

million kWh pr road km 36 . This corresponds to 26 921 GJ/road-km in direct energy, not primary 

energy. This estimate includes tunnels and bridges but is not adjusted for the proportion of tunnels 

and bridges per road km. Doing this adjustment yields an estimate of 4590 GJ/road-km. This estimate 

includes also energy for surface building, but excluding materials for road construction. All in all, 

roughly 4500-5000 GJ/road km should be a fair estimate for road building (subbase and surface) 

excluding materials, including tunnels and bridges. This represents roughly a third of the total energy 

consumption for building one km of road including tunnels and bridges. From this we can conclude 

that materials represent roughly two thirds of energy for road construction, including tunnels and 

bridges. 

If we look at tunnels and bridges, Heiberg estimates 1250 GJ/road-km adjusted for the proportion of 

tunnels and bridges pr road km. The corresponding number from Schlaupitz is 4141 GJ/road-km. 

These estimates vary quite a lot, but the Schlaupitz one is the most detailed. Heiberg uses a rough 
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approximation of three times more energy use pr tunnel kilometer as compared to road kilometer 

and twelve times more pr bridge kilometer. Giving the Schlaupitz estimate a slight advantage we can 

conclude that around 25% of total energy used for road construction is spent on tunnels and bridges, 

adjusted for the proportion of tunnels and bridges pr road km. 

Summing it all up we conclude that materials for road construction are about 2 times more energy 

demanding than building operations, that energy for road subbase construction (both building and 

materials) represents about 2/3 of the total energy for road construction excluding tunnels and 

bridges, and that energy required for building and materials for tunnels and bridges represents ¼ of 

total energy consumption for road construction when we adjust for the amount of tunnels and 

bridges pr road kilometer. Total energy use for road construction is roughly approximated to be 

14000 GJ/road-km. 

These estimates include only the road itself. Parking lots, parking houses, roadside facilities such as 

gas stations and restaurants are not included in the estimates. These are hard to estimate pr road 

km.  Horvath and Chester present energy use for parking distributed pr passenger miles travelled for 

three types of cars. These are sedan, sport utility vehicle (SUV) and  pick-up truck. These categories 

are chosen in order to represent a typical mix of American cars. The most sold car model in each 

category is selected as representative for its type. For sedans, Toyota Camry is selecteŘΤ ŦƻǊ {¦±ΩǎΣ 

Chevrolet Trailblazer and for pick-ups Ford F-Series is selected. It is assumed that only passenger cars 

use parking lots.  

The following equations show the calculations performed to reach an estimate for total energy for 

parking lots for passenger cars.  

Figure  1 Equations for calculating energy impact pr road km from data estimated pr passenger km 
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The symbols are: 

¶ j is subscript for the categories sedan, SUV and pick-up trucks. 

¶ VMTj ς vehicle miles travelled for representative car in category j, i.e. 11 000 miles for a 
sedan, for one year. 

¶ OCCj ς occupancy rate for representative car in category j . 
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¶ PMTj is passenger-miles travelled for the representative car in category j in one year. 

¶ PMT total-pass-cars-year is total passenger miles travelled by passenger cars in US 2005. 

¶ Pj is the proportion for representative car in category j of all PMT for all three categories. 

¶ PMTtotal j-year  is total estimated passenger-miles travelled for category j for all passenger 
cars in this category for one year. 

¶ E j is the energy factor for the representative car in category j. 

¶ Ej-year is the total energy for representative car in category j in one year. 

¶ Lj is the lifetime for representative car in category j. 

¶ E total-pass-cars is the total energy for all passenger cars over their lifetimes. 
 

The sedan travels 11 000 miles pr year with a vehicle occupancy of 1,58. This yields 17380 passenger-

miles travelled for each sedan. The SUV and pick-up truck travel each 11 000 miles pr year. The 

vehicle occupancy for the SUV is 1,74 and for the pick-up truck 1,46. This adds up to 19 140 

passenger-miles travelled for each SUV and 16 060 passenger-miles travelled for each pick-up truck 
37. Summing up passenger-miles travelled for the representative car for each category gives us 52 580 

passenger-miles travelled over all categories. We then calculate the proportion of this number for 

each category. The sedan has 0,33 of total passenger-miles travelled, the SUV has 0,364 and the pick-

up truck 0,305. We also know that the total number of passenger-miles travelled for all passenger 

cars in USA in 2005 was  2  670 billion 38.  Assuming that there are only three types of passenger cars, 

namely sedan, SUV and pick-up trucks; we can distribute total passenger miles travelled for all 

passenger cars on the three types. 

Additionally, Horvath and Chester give estimates for energy requirements for construction of parking 

lots pr passenger-mile for each category. Distributing the total passenger-mile travelled on each 

category and multiplying with  TJ/passenger-mile travelled gives us the total energy requirement in 

TJ in one year which is 69 111 TJ for all US parking lots. 

To calculate the total energy impact over all years we need to know the lifetime for parking lots. They 

differ with the type of parking lot. There are basically three types of parking lots 39. First, we have 

roadside parking with a lifetime of 10 years. All in all, roadside parking lots make up 1/3 of all parking 

lots. Then we have surface parking lots and parking garages. Combined they make up 2/3 of all 

parking lots. Surface parking lots have a lifetime of 15 years while garages have a lifetime of 30 years. 

We do not know the distribution between surface parking lots and garages. To simplify, we consider 

all of them to be garages. Distributing total energy consumption for parking in one year on parking 

lot types and multiplying with their respective lifetime estimates, gives us total energy required for 

parking lots over the lifetime of all parking lots. Dividing again on total km of US roads in 2005 40 gives 

us an estimate for parking in GJ/km. This number is 370 GJ/road-km. This number is probably 

underestimated since some passenger-miles travelled for pick-up trucks will be labeled under light 

trucks and not under passenger cars. 
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 Horvath and Chester, page 20. 
38 http://www.bts.gov/publications/national_transportation_statistics/2007/html/table_01_37_m.html  

39
 Horvath and Chester, page 30. 

40 ibid., page 28, 2710915 miles total.  

http://www.bts.gov/publications/national_transportation_statistics/2007/html/table_01_37_m.html
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Parking lots consist mainly of asphalt and concrete.  Garages are often constructed in steel. Thus, 

much of the energy required to build the parking lots come from fabrication of these materials. The 

reported estimate of 370 GJ/road-km is not negligible. It is more than half of total material 

requirement for road subbase reported in Schlaupitz (see table above). 

 

Operation  

Road operations include snow clearing, salting, road lighting and parking lot lighting and signal 

systems, tunnel ventilation and lighting. Schlaupitz also includes heating of service buildings without 

specifying what these are. Schlaupitz gives an estimate of 253 GJ/road-km/year for these operations.  

Horvath and Chester give estimate for salting/use of herbicides to control roadside weed. Their 

estimate is given pr passenger-mile travelled for each representative car in categories sedan, SUV 

and pick-up trucks. In addition, an estimate is given pr passenger-mile for buses. The representative 

bus used is a 40-feet (12,2 m)  urban bus with an average occupancy rate of 10,5 passenger pr trip 

and 42 000 vehicle-miles travelled pr year 41. In order to convert the estimates for each car category 

and bus pr passenger-miles travelled to gigajoule pr km we use the method described in the 

equations above. In addition to passenger cars we distribute all passenger-miles travelled on bus in 

USA in 2005 on the representative bus 42. We do not have to calculate estimates over all lifetime for 

the vehicles since energy for operation is calculated pr year.  According to Horvath and Chester, 70% 

of all US road km need salting 43, this fraction is presumably adjusted for in their estimate. We end up 

with an estimate for herbicides/salting of 3,7 GJ/road-km/year.  

Freight transport is not included in this estimate. It is assumed that Horvath and Chester distributes 

all energy for herbicides/salting on passenger transport. Energy required for vehicles transporting 

herbicides/salt is also not taken into consideration 44. All in all, the estimate of 3,7 GJ/road-km/year is 

probably less than what is required for Norwegian roads since the salting frequency is assumed to be 

greater in Norway and also since a greater percentage of Norwegian roads needs salting. The 

Horvath and Chester estimate for herbicides/salting is obtained from EIOLCA, a software tool for 

economic input-output analysis. 45 

Horvath and Chester also give an estimate for roadway lighting. Using energy impact pr passenger-

mile for different categories of passenger cars and including bus transport, we end up with an 

estimate of 43,3 GJ/road-km/year. Again, it is assumed that all energy required for roadway lighting 

is distributed on passenger transport so that freight transport does not have to be included. Their 

estimate for roadway and parking lighting is obtained from a process analysis based on historical 

data from US Department of Energy. 

Jonsson estimates energy for road operation to be 300 GJ/road-km/year for Swedish roads with 

lighting and signal systems while the corresponding number for roads without lighting and signal 
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 ibid., page 20 
42 The total passenger-miles travelled by bus in USA 2005 is 140 910 209 377, see  

http://www.bts.gov/publications/national_transportation_statistics/2007/html/table_01_37_m.html  

43
 Horvath & Chester, page 32 

44
 ibid., page 32. 
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 http://www.eiolca.net/  

http://www.bts.gov/publications/national_transportation_statistics/2007/html/table_01_37_m.html
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systems is 11 GJ/road-km/year 46.  Assuming that 5% of all Swedish roads need lighting, the energy 

for road operation is estimated to 27 GJ/km/year on average. Jonsson also gives estimates for the 

amount of energy required for operation of American roads. A freeway with 8 lanes requires 80 

GJ/road-km/year, while a 4-lane arterial road requires 123 GJ/road-km/year. For a 2-lane rural road 

the estimate is 43 GJ/km/year while the corresponding number for a urban 2-lane road is 29 GJ/road-

km/year.  

Summing up the estimates from Horvath and Chester we get 47 GJ/road-km for herbicides/salting 

and roadway lighting. This is higher than the Jonsson estimate; one reason for this can be that a 

greater proportion of American roads need lighting and signal systems. 

The estimate from Schlaupitz include more, not least tunnel ventilation, and is also for Norwegian 

roads which need more salting and snow clearing than American ones pr km. Schlaupitz states 47 that 

100 kWh of electricity is required for one meter of tunnel. This corresponds to 360 GJ/tunnel-

km/year. Not every road km is a tunnel km, but still the energy required for a tunnel goes a long way 

in explaining the difference between the Schlaupitz estimate for operation of road infrastructure and 

other estimates cited. 

Operations of railway infrastructure include running railway stations. None of the reports studied 

include parking garages, workshops or gas stations in road infrastructure operations. 

Maintenance 

The distinction between maintenance and operation is blurred. It is assumed that maintenance 

consists of activities that directly modify the physical attributes of the road, such as replacement of 

surface layers of asphalt or concrete. Maintenance also includes road marking, replacement of filling 

compounds in subbase layers, replacement of parking lot surfaces and disposal and use of process 

equipment for maintenance operations.  

 

Heiberg notes that relaying of asphalt surface requires 80 250 kWh/road-km pr year which is equal to 

289 GJ/road-km/year. Jonsson gives several estimates for road maintenance. They range from 66 

GJ/road-km/year to 1029 GJ/road-km/year. The lowest estimate is for a Finnish 2-lane rural road 

while the highest estimate is for an American 6-lane freeway. The American roads have smaller 

subbase and surface layers than European ones. Also, they have shorter life times. For Swedish roads 

Jonsson gives an estimate of 72 GJ/road-km for a 2-lane rural road with asphalt surface. If we include 

manufacturing and maintenance of process equipment we end up with 367 GJ/road-km/year.  

Schlaupitz gives an estimate of 445 GJ/road-km/year for maintenance of a 2-lane Norwegian road. 

Again, his numbers are higher than other estimates reported. The Schlaupitz numbers include 

tunnels and bridges which again explain much of the discrepancy. Also, the Schlaupitz numbers are in 

primary energy while the others presumably are in direct energy. 

Horvath and Chester do not estimate maƛƴǘŜƴŀƴŎŜ ƛƳǇŀŎǘ ƻŦ ǇŀǎǎŜƴƎŜǊ ŎŀǊǎΦ ¢ƘŜ ǊŜŀǎƻƴ ƛǎ ǘƘŀǘ άΧ 

damage to a roadways follows a fourth-power function of axle loads (weight per axle) so that 
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ƎŜƴŜǊŀƭƭȅΣ ŘŀƳŀƎŜ ǘƻ ǊƻŀŘǿŀȅǎ ǊŜǎǳƭǘǎ ŦǊƻƳ ƘŜŀǾȅ ǾŜƘƛŎƭŜǎ ǎǳŎƘ ŀǎ ǘǊǳŎƪǎ ŀƴŘ ōǳǎŜǎΦέ 48. Since their 

estimates do not include freight transport, their estimate for energy required for roadway 

maintenance is not comparable with other estimates reported. 

 

Infrastructure rail and road pr passenger kilometer  

Before we turn to air passenger traffic, let us look at results from rail and road infrastructure pr 

passenger kilometer. This calculation is necessary in order to compare results from rail and road with 

air traffic. 

Based on the discussion we have the following estimates for construction of single-track rail 

infrastructure: 

Table 6 Estimates for construction of rail infrastructure. All numbers in GJ/rail-km 

 Heiberg Jonsson Schlaupitz Caltrain 

Track substructure 3 238 2 161 9436  

Track base 5 150 6 300 6779 6 972 § 

Tunnels #   17 429  

Bridges #   10 502  

Tunnels and bridges 
# 

1 169    

Stations  3 761  784 

Parking    1 278 

 

§ Estimate for track and power distribution 

# Adjusted pr rail km 

 

We use Caltrain as the reference railway from Horvath and Chester. This railway is diesel-driven and 

is a commuter rail in the San Francisco Bay-area. The other railway system in this region is BART, but 

this system is partly a subway system and therefore not very representative for Norwegian railways. 

The Caltrain system has very simple stations and the energy use for stations is probably under-

estimated in relation to Norwegian railways.  
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 Horvath and Chester, page 29.  For a critique of this position, see http://samferdsel.toi.no/article18737-
334.html  
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Based on the table above we will use 45 000 GJ/rail-km for rail infrastructure, this includes tunnels 

and bridges for track substructure and track base. It does not include stations or parking and is only 

for construction of infrastructure.  ¢ƘŜ ŜǎǘƛƳŀǘŜ ƛǎ ōŀǎŜŘ ƻƴ {ŎƘƭŀǳǇƛǘȊΩ ǿƻǊƪΦ   

In order to calculate the impact of parking lots for railway infrastructure, we need to know the 

amount of railway stations. There are 207 railway stations in Norway 49. Caltrain has 34 stations 50. 

Caltrain has a total length of 125 km railway 51, while the total railway length in Norway is 3 887 km 

when double track railway is subtracted. Consequently, there are one station for every 3,7 km in he 

Caltrain system and one for every 18,8 km in the Norwegian national rail system. Station density will 

influence the number of parking lots needed for Norwegian railways. The railway from Oslo to the 

Swedish border at Kornsjø has one railway station for every 4,3 km 52. This is a railway through some 

of the densest populated areas in Norway. Still, the station density is below the Caltrain one. If we 

assume a station density of one for each 5 km the density is about 75% of the Caltrain one. Using 

75% of the parking estimate for Caltrain, we end up with about 950 GJ/rail-km for the whole lifetime 

of the infrastructure.  

For a two-lane road infrastructure we have these estimates:  

Table 7 Estimates for construction of road infrastructure. All numbers in GJ/road-km. 

 Heiberg Jonsson Schlaupitz Horvath &  

Chester § 

Road substructure 8 538 2 694  6 041   

Road surface 3 992  3 830  

Tunnels and bridges# 1 254  4 141  

Sum 13 784 12  960 ¤  14 012 5 142 ^ 

Parking    370 

# Adjusted pr road km 

§ Based on a rural two-lane road 

¤ Swedish 2 lane highway. 

^ Does not include tunnels and bridges. 

Based on this table we will use 14 000 GJ/road-km which is an adjustment of the estimates from 

Heiberg and Schlaupitz.  The estimate from Horvath and Chester does not include tunnels and 

bridges and American roads generally have lesser subbase and wearing layers than European ones. 
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 Horvath & Chester, page 58 
51
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It is quite a discrepancy between estimates for construction of tunnels and bridges between roads 

and railways. It is important to note that in general, railways are more demanding to construct than 

roads because there are stricter requirements for the gradient which leads to more moving of earth 

and stones for railways. In addition, tunnels for railways include railway tracks which require more 

energy than road surface. Rails alone requires 3 675 GJ/track-km according to Jonsson  53 while 

energy requirements for road surface materials according to Heiberg 54 and Schlaupitz is in the order 

of 3 900 GJ/road-km. 

Also the parking estimate for road infrastructure is lower than the one for railways. This is probably 

attributable to the fact that there are more road kilometers to distribute the total energy for parking 

lots on than what is the case for railways.  

For rail operation we will use an estimate of 270 GJ/rail-km/year and for rail maintenance 180 

GJ/rail-km/year. Both estimates are obtained from Schlaupitz. We refer to the discussion above for 

the justification of using these estimates. For both road operation and maintenance we will use 

rough approbations of the Schlaupitz estimates which yield 250 GJ/road-km/year for road operation 

and 440 GJ/road-km/year for road maintenance.  

This means that rail and road infrastructure use about the same energy for yearly operation while 

road infrastructure uses more on yearly maintenance. This is reasonable since road maintenance 

requires surface replacements caused by the wearing and tearing on asphalt layers. For rail 

infrastructure, there are no parallel surface replacement requirements. 

Based on these estimates we can construct the following table: 

Table 8 Energy impacts of different infrastructure activities for road and rail infrastructure. 

Activity Unit Road Rail# 

Construction GJ/km 14 000 45000 

Parking GJ/km 370 950 

Operation GJ/km/year 250 270 

Maintenance GJ/km/year 440 180 

Lifetime  40 40 

Km 55 Year 93 247 4 114 

Passengerkm Million/year 60 575 3 442 

# Not including railway stations 

The passenger-kilometers are for Norway 2007 and do only include domestic trips. Rail km is for 2007 

and road km for 2008. To calculate energy use for rail and road infrastructure we need to distribute 
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the infrastructure on freight and passenger transport. This has been done in the following way: For 

road transport work tonne-km is recalculated into passengerkm 56. Each passenger is supposed to 

weigh on average 86,5 kg inclusive luggage. So each passenger km is supposed to be 

86,5/1000=0,0865 tonnekm. Each tonnekm is consequently 1/0,0865=11,6 passengerkm. For road 

infrastructure we sum up tonnekm and passengerkm for total transport work on Norwegian road in 

2004 and calculate relative proportions. 

Passenger transport for road infrastructure is defined as passenger transport with private cars, buses, 

taxis and rent cars, 

For rail, we know the energy consumption for respectively freight and passenger transport from the 

Norwegian Railway Company (passenger) and CargoNet (freight) which is a company with monopoly 

in rail freight transport in Norway. 57 The numbers are as follows: 

Table 9 Passenger and freight transport on Norwegian railways. 

Passenger 

transport 

Electricity 

driven 
370850 

 

MWh 

 

Diesel driven 

80,654 

 

MWh 

Freight 

Electricity 

driven 

 

116750 

 

MWh 

 Diesel driven 58 65 620 MWh 

   

From the numbers above we can construct relative proportions for passenger and freight transport 

for both rail and road infrastructure.  Using these proportions as weights, we can measure the energy 

impact of different infrastructures pr passenger kilometer produced by the transport means using 

the infrastructure.  In order to calculate the impact of construction and parking pr passenger 

kilometer we must scale the estimates to obtain yearly impacts since passenger kilometer is 

measured for one year. This has been done by assuming a lifetime of 40 years for both infrastructure 

types. All parking energy is allocated on passenger transport. 

 Table 10 Energy impacts of different infrastructure activities pr passenger km for road and rail 

infrastructure. 

                                                           
56 See http://www.ssb.no/emner/01/03/10/rapp_200849/rapp_200849.pdf page17    

57 ibid., page 25 and 37. 

58 Calculated as 7200 tonn diesel=6 120 000 liter diesel with density equals 0,85 l/kg. With 38,6 MJ/liter, this 

yields 65620 MWh. For energi content of diesel, see 

http://en.wikipedia.org/wiki/Diesel_fuel#Fuel_value_and_price  
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Activity Unit Road Rail 

Construction MJ/pass-km  0,130 1,066 

Parking MJ/pass-km 0,014 0,034 

Operation MJ/pass-km 0,093 0,256 

Maintenance MJ/pass-km 0,163 0,171 

Sum MJ/pass-km 0,399 1,526 

Total passenger energy TJ 24 190 4 442 

TWh TWh 6,7 1,2 

Weights Passenger Proportions 0,24 0,67 

 

As the table shows, rail infrastructure is more energy demanding than road infrastructure per 

passenger kilometer.   It is important to note that the numbers for rail do not include railway 

stations.    

Why is rail infrastructure more energy demanding pr passenger km? There are three main reasons 

for this: 

1. Rail track base is much more energy demanding than road base. This is because rail 
infrastructure needs power distribution system, catenary, rails, switchers and sleepers in 
addition to road base. Also, rail substructure needs more crushing and movement of earth 
and stones because of a lower gradient requirement. 

2. The proportion of tunnels pr infrastructure  km is greater for rail infrastructure than for road. 
We have used estimates from Schlaupitz which indicate a tunnel proportion of 37% . The 
corresponding value for road infrastructure is 5% (50 m tunnel for each road km). Note that 
the Schlaupitz estimate is based on an assessment of new rail infrastructure rather than on 
observation of historical values for tunnels. 

3. The proportion of bridges pr  infrastructure km is larger for rail infrastructure than for road. 
Schlaupitz uses 2% bridges for road in comparison to 9% for rail infrastructure.   

 

The table also shows that construction of parking lots both for road and rail infrastructure demands 

much energy. This is an element that is not negligible for either infrastructure. 

Looking at total energy, we note that the total energy demand for passenger transport is about 5,4 

times greater for road infrastructure than for rail. The weights used for passenger transport for rail 

and road indicate that more freight is transported pr kilometer road than for rail. It can be objected 

that roads are dimensioned by passenger traffic and not freight transport. Consequently, passenger 

transport should be given a bigger weight for construction of road infrastructure. On the other hand, 

freight vehicles are much more demanding on road surface than passenger cars.   
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Road and rail infrastructure is used for passenger transport both on short daily trips and longer trips 

made during leisure time. Using data from the national travel survey from 1998 we can distribute 

passenger kilometers with passenger cars, buses and railways on daily trips and longer trips. In order 

to do this, we must adjust the passenger kilometers travelled on different transport means for daily 

trips to a yearly basis. This is done by assuming that a year has 230 working days. This should adjust 

for week-ends and 6 week holidays including holydays like Christmas and Easter. Then the 

proportions of long and daily trips are calculated for cars and buses on one hand and railway 

passenger transport on the other. Trips with passenger cars include both trips as driver and as 

passenger. Taxis are included as passenger cars. Since the national travel survey in 1998 was a 

sample survey, each data item is weighted by the number in the population having specific attributes 

representative for the sampled data item. 

Based on these data, we have calculated the following proportions of daily trips for road and rail 

passenger traffic: 

Table 11 Distribution of daily trips on road and rail infrastructure. 

Road 0,203 

Rail 0,099 

 

As the table shows, only every tenth passenger kilometer travelled by railway is on daily trips. For 

road transport, every fifth passenger kilometer travelled in on daily trips. Using these proportions as 

weights, we can calculate the energy impact of road and rail infrastructure on short and long trips. 

The following tables show the results:  

Table 12 Energy impacts of infrastructure activities for road and rail infrastructure pr passenger km for daily trips. 

MJ per 

passenger km 

daily trips Road  Rail 

Weight 0,203 0,099 

Construction 0,026 0,106 

Parking 0,003 0,003 

Operation 0,0188 0,025 

Maintenance 0,033 0,0170 

Sum 0,081 0,152 

TJ total 4 904 441 

TWh 1,362 0,123 
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Table 13 Energy impact of infrastructure activities for road and rail pr passenger km for long trips. 

MJ per 

passenger km 

long  trips Road  Rail 

Weight 0,797 0,901 

Construction 0,103 0,960 

Parking 0,011 0,030 

Operation 0,074 0,230 

Maintenance 0,130 0,154 

Sum 0,318 1,375 

TJ total 19 285 4 000 

TWh 5,4 1,1 

 

These numbers are a recalculation of the total numbers presented earlier with proportions for daily 

trips and long trips as weights. Since we do not know what proportions of the road and rail 

kilometers are used for short and long trips, this recalculation is our best guess.  

Table 12 and Table 13 show that a long passenger trip on road is almost 4 times as energy demanding 

on the infrastructure as a short road trip. From Table 13  we can also conclude that a long trip with 

rail is more than four times as energy demanding on the infrastructure as a corresponding trip on 

road. For short trips, a rail trip is almost twice as enegy demanding on the infrastructure as a road 

trip. A long trip with rail is over 9 times as energy demanding on infrastructure as a short trip with 

rail. 

We can also calculate the energy impact pr tonne-km on rail and road infrastructure from freight 

transport. Table 14 shows the result. All parking is allocated on passenger transport. Total tonne-km 

on road in Norway 2007 was 16 313 million and the corresponding number for rail was 2 467 million 
59. Table 14 shows that the impact on infrastructure from road   transport is much larger than for 

freight rail transport. This is because we have allocated a much larger share of the total transport 

work on road to freight transport. Norway has a railway net that is concentrated around the big 

cities. Large parts of Norway, including all area north of the polar circle, have no railway access at all.  

These parts often produce goods that are transport demanding, such as fish and metal for export. 

Table 14 shows that it is about 2,5 times as energy demanding to construct road infrastructure as rail, 

measured pr tonne-km. For maintenance, the corresponding figure is more than 19 times more 

energy demanding for road freight transport than for rail. 
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Table 14 Energy impacts of different infrastructure activities pr tonne- km for road and rail infrastructure. 

Pr tonne-km 

   Activity Unit Road Rail 

Construction MJ/tonne-km 1,519 0,618 

Parking MJ/tonne-km 0,000 0,000 

Operation MJ/tonne-km 1,085 0,148 

Maintenance MJ/tonne-km 1,910 0,099 

Total MJ/tonne-km 4,515 0,866 

 

Infrastructure for air traffic  

Infrastructure for air traffic has been studied by Horvath and Chester 60 . They studied three different 

aircrafts categorized as small aircraft (Embraer 145), medium aircraft (Boeing 737) and large aircraft 

(Boeing 747). In addition, they chose a representative airport in the USA (Dulles airport in 

Washington) for their study of airport infrastructure. The environmental impact for infrastructure is 

calculated for each aircraft by using estimates for passenger-mile travelled for each of them. In all 

the following calculations, it is assumed that all passenger transport work in the US is made be the 

three aircraft mentioned or rather by the group of aircrafts of which the three mentioned are 

representative. It is also assumed that Dulles Airport in Washington D.C. is representative of the top 

50 airports in USA 61. 

Horvath and Chester use EIOLCA, a economic input-output analysis for producing estimate 

for airport construction. 
62

 For runways and tarmacs they use PaLATE, a software tool for 

assessing life-cycle impacts of pavement construction. 
63

 Their estimate for air traffic 

operation is obtained from process analysis based on historical data from US Department of 

Energy. 

The Horvath and Chester estimate is adjusted for freight transport with aircrafts. In general, the 

larger the aircraft, the more freight it carries. For Boeing 747 it is calculated that passengers make up 

83% of total weight transported. For Boeing 737 the same percentage is 96% while passengers make 

up 100% of all weight transported by Embraer 145. 

The table below lists some empirical results from the study. The results are recalculated into mega 

joule per passenger-kilometer.  

Table 15 Energy impacts of air traffic infrastructure activities distributed on different aircraft types. 

                                                           
60

 Horvath, A. and Chester, M: Environmental Life-Cycle Assessment of Passenger Transportation, 
http://www.uctc.net/papers/844.pdf , page 98, recalculated by passenger-km by a factor of  0,6213 
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 Ibid., page 91 
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 http://www.eiolca.net/  
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 http://www.ce.berkeley.edu/~horvath/palate.html  
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MJ/pkm Embraer 145 Boeing 737 Boeing 747 

Infrastructure construction per 

passenger-kilometer per year 
0,015 0,015 0,013 

Infrastructure operation per passenger-

kilometer per year 
1,378 1,371 1,126 

Infrastructure maintenance per 

passenger-kilometer per year 
0,00003564  0,000035 0,000035 

Km per flight 805 1368 12231 

Passenger per flight 65 34 94 305 

Number of trips pr year 912 1895 40 

Number of trips per day 2,5 5,2 0,1 

Number of passengers pr year 31 018 178 170 12 161 

Aircraft-km travelled pr year 734 701 2 752 489 489 114 

Mill. passenger-km travelled pr year 66 24,1 262,7 149,1 

 

The table shows that the smaller the aircraft, the larger is the burden on the infrastructure. This is 

due to the fact that smaller aircrafts perform more landings and take-offs. Cruising at high altitude 

has no impact on use of infrastructure; therefore larger aircrafts with longer cruising distances will 

have a less burden on air traffic infrastructure.  

Horvath and Chester chose Dulles Airport in Washington as a representative US airport. Norway has 

only one airport that can be compared to Dulles. Gardemoen Airport in Oslo served 19 million 

passengers in 2007. Dulles served 24,7 million passengers the same year. Dulles has four runways 

with concrete surface, the shortest is 2685 meter while the longest is 3505 67. Gardemoen has two 

runways with asphalt surface, the longest is 3600 meter while the shortest is 2950 m 68. Dulles 

occupies 54 km2 of land while Gardemoen occupies 13 km2.  Gardemoen is thus a smaller airport 

than Dulles. No other airport in Norway comes close. The second biggest airport in Norway, Flesland 

Airport in Bergen, served 4,8 million passengers in 2007 69. Flesland Airport had 99 172 flights that 

year, Gardemoen had 230 фупΦ 5ǳƭƭŜǎ !ƛǊǇƻǊǘ ƘŀŘ ōŜǘǿŜŜƴ мллл ŀƴŘ мнлл ŦƭƛƎƘǘǎ άƻƴ ŀ ǘȅǇƛŎŀƭ Řŀȅέ 

the same year. If we consider two/thirds of all dŀȅǎ ƛƴ ŀ ȅŜŀǊ ǘƻ ōŜ άǘȅǇƛŎŀƭέ ǿŜ ŜƴŘ ǳǇ ǿƛǘƘ нпр ŘŀȅǎΦ 

Using the middle value of 1100 flights per typical day this yields about 270 000 flights in 2007. 
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  Includes only airport maintenance. Same number used for all aircrafts.  
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 Horvath & Chester, page 84 
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 Aircraft km and passenger-km travelled are calculated from energy impact of airport construction. Therefore, 
passenger-km can not be entirely decomposed into trips, passenger pr trips and km pr trip. 
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In order to compare these estimates with other estimates we need to calculate the energy impact pr 

trip and pr passenger.  Number of trips are calculated from information about vehicle miles travelled 

(VMT) in one year. We calculate the total VMT for each aircraft in one year and divide by average 

flight length which is given 70. The number of VMT for each aircraft type is calculated from the 

amount of GJ needed to construct the aircraft 71Φ 5ƛǾƛŘŜŘ ōȅ ǘƘŜ ŀƛǊŎǊŀŦǘΩǎ ƭƛŦŜǘƛƳŜ 72 we find the 

number of GJ required to construct the aircraft for each year the aircraft is in operation. The impact 

of aircraft construction pr VMT pr year is given, so dividing the total energy for one year by the 

impact pr VMT gives the amount of VMT for one year for the aircraft in question.   

Let us take an example. It requires 215 500 GJ 73 to construct the Boeing 737. Its lifetime is 30 years. 

This amounts to 7 183,3 GJ per year for each year the aircraft is in operation. Measured pr VMT 

(vehicle-miles travelled), the energy required is 4200 KJ/VMT. Since vehicle miles travelled are 

measured for one year, dividing the energy impact of aircraft construction for one year by the energy 

impact pr VMT should give the VMT. Since the impact pr VMT is given in KJ we divide by 1x106 to get 

the estimate in GJ/VMT. Dividing 7 183,3 by 0,0042 gives a VMT estimate of 1,710 million miles or 

2,75 million kilometers pr year. 

The estimate for air infrastructure construction can be decomposed as follows 74: 

Table 16 Energy impacts of infrastructure activities pr passenger km for different types of aircrafts. 

MJ/passenger-km 

Construction 

Embraer 

145 

Boeing  

737 

Boeing  

747 

Airport  0,001 0,001 0,001 

Runways 0,003 0,003 0,003 

Tarmacs 0,009 0,009 0,007 

Parking 0,002 0,002 0,002 

Sum 0,015 0,015 0,013 

 

In total, this yields 0,0144 MJ/passenger-km for air infrastructure. As we can see from the table 

above, construction of tarmacs is the most energy-requiring construction followed by construction of 

runways. The construction of the airport itself is the least energy-requiring activity. Tarmacs are 

ŘŜŦƛƴŜŘ ŀǎ άǇŀǊƪƛƴƎ ŀƴŘ ǎǘŀƎƛƴƎ ŀǊŜŀǎ ƴŜŀǊ ǘŜǊƳƛƴŀƭǎΣ ŜƴŘ ƻŦ ǊǳƴǿŀȅǎΣ ŀƴŘ ǎǳǇǇƻǊǘ ŦŀŎƛƭƛǘƛŜǎέ 75. 

According to Horvath and Chester, runways are designed to accommodate the most demanding 

aircraft landing at the airport. The top 50 airports in US have on average of 3-4 runways and they can 
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all accommodate landing and take-off of the biggest aircraft. The estimate for runways and tarmacs 

are made with the software PaLATE, a software for assessing life-cycle inventories for pavement 76.  

Horvath and Chester include estimates for car parking lots both in estimates of construction and 

maintenance activities. We have included the entire estimate for parking lots in the construction 

estimate. This means that part of the parking estimate presented here will be attributable to 

maintenance activities. Dulles airport has 25 000 parking spaces. The parking lot has two surface 

layers of 8 cm each and a subbase layer of 15 cm. Access roads are included in the parking estimate. 

The parking lot has a lifetime of 10 years. In comparison, Oslo Airport has 12 200 parking spaces, 

5 400 of them are in parking houses. 

Schlaupitz gives an estimate of energy requirements for air traffic infrastructure more adjusted to 

Norwegian airports. The following table shows the diffŜǊŜƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ {ŎƘƭŀǳǇƛǘȊΩ ŜǎǘƛƳŀǘŜ ŀƴŘ 

the one from Horvath and Chester based on US airports. 

Table 17 Energy impacts pr passenger km and pr passenger for air traffic infrastructure. 

 Embraer 145 Boeing 737 Boeing 747 

Weighted 

sum 

Schlaupitz 

MJ/passenger-km 0,015 0,015 0,013 0,0144  

Pkm weight 0,055 0,603 0,342 1  

MJ pr passenger 11,8 22,5 156,2   

kWh pr passenger 3,3 6,2 43,4 18,8 0,39 

 

We use weights to calculate the total energy impact of air passenger traffic pr passenger kilometer 

and pr passenger. The weights are constructed by dividing passenger kilometers travelled on each 

aircraft by the total passenger-kilometers travelled on all of them.  

There is quite a large difference between the estimates on a pr passenger basis. The estimates for 

the US airports are almost 50 times higher than the Schlaupitz estimate which is mostly based on an 

estimate for Landvetter airport in Gothenburg. The requirement for materials in the Schlaupitz 

ŜǎǘƛƳŀǘŜ ƛǎ ōŀǎŜŘ ƻƴ ǊƻŀŘ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ōǳǘ ƘŜ Ƙŀǎ άΦΦΦ ƘŀƭǾŜŘ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ ǊŜƛƴŦƻǊŎŜƳŜƴǘ 

ƭŀȅŜǊέ 77 for tarmacs compared to road construction. There is no justification for this action. 

The Horvath & Chester estimate for runways and tarmacs is based on PaLATE which is a software 

ǇŀŎƪŀƎŜ ŘŜǎƛƎƴŜŘ ǘƻ ōŜ ǳǎŜŘ ƛƴ ǊƻŀŘ ŎƻƴǎǘǊǳŎǘƛƻƴΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŀǳǘƘƻǊǎΣ άΧǊƻŀŘǿŀȅ ŎƻƴǎǘǊǳŎǘƛƻƴ 

is fairly different from runway, taxiway, and tarmac construction. Higher grade materials and 

additional processes are employed in airport construction that are not used in roadway 
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ŎƻƴǎǘǊǳŎǘƛƻƴΦέ 78  For airports, Horvath and Chester have used an input-output analysis with total cost 

of the top 50 airports in USA as input. The Schlaupitz estimate is not based on runways 

accommodating the biggest aircrafts, as is typical for US airports. His estimate is more typical for 

Norwegian airports except for Gardemoen Airport in Oslo. This explains some of the difference in the 

estimates, but probably not all of it.  

Another factor for explaining the difference in estimates is the inclusion of support facilities in the 

tarmac estimate from Horvath and Chester. Hangars and workshops are explicitly excluded from the 

Schlaupitz estimate 79. In addition, he has excluded restaurants, cafes, collector roads as well as 

parking lots. These are included in the estimate from Horvath and Chester.  Also, Schlaupitz reviews 

ǊŜǎƻǳǊŎŜ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ŀ άмлл ȅŜŀǊǎ ǇŜǊǎǇŜŎǘƛǾŜέ 80, while Horvath and Chester uses 30 years for 

aircraft lifetime.  All in all, this goes a long way in explaining the differences in the estimate. 

Heiberg refers an estimate from 1979 of 3,54 kWh per passenger 81 . This estimate is based on two 

types of aircrafts, a Fokker F28 with 79 passengers and a DC9 with 125 passengers. The aircrafts 

cover air flights from 300 to 900 km with a yearly total of 3 million passengers. The estimate is based 

on an aircraft lifetime of 45 years. Only runways and taxiways are included in the estimate. With a 

medium flight distance of 500 km, Heiberg refers to an estimate of 0,007 kWh pr passenger 

kilometer which is equal to 0,0252 MJ/passenger kilometer. Compared pr passenger her estimate is 

smaller than the Horvath and Chester one which is reasonable given that only two types of aircrafts 

are considered and airports are not included in the estimate. Measured per passenger kilometer her 

estimate is bigger than the one given in Horvath and Chester which again makes sense since the 

ŀƛǊŎǊŀŦǘǎ ƛƴ IŜƛōŜǊƎΩǎ ŜǎǘƛƳŀǘŜ ǘravel shorter distances with less passengers. 

Heiberg also refers to some other estimates. According to Irwin 82, construction of runways and 

taxiways without airports is estimated to 0,030-0,036 kWh pr passenger kilometer, which translates 

into 0,108-0,13 MJ/passenger kilometer. Calculated pr passenger, the same estimate is in the range 

of 12-43,2 kWh/passenger.  Compared pr passenger kilometer, this estimate about 7-9 times higher 

than the estimate given in Horvath and Chester, even though they include airports in their estimate. 

Compared pr passenger, the estimate from Horvath and Chester is in the middle of the range 

referred to in Heiberg. This tells us that the Horvath and Chester estimate is based on transport work 

estimated in total passenger kilometers which is much higher than the estimate referred to in 

Heiberg. Considering that this last estimate is from Canada in 1979 this makes sense. Bigger planes 

and longer distances can be one key explanation factor for the difference between this estimate and 

the one from Horvath and Chester. 

Operation  

Horvath and Chester also estimate operation of air traffic infrastructure. Their estimate is a process 

analysis based on historical data from different US government agencies. Operations include lighting 

electricity, deicing fluid production and, most significantly, ground support equipment. Lighting 

systems include approach systems, touchdown systems, centerline lights and edge lights. 83 Estimate 
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for deicing fluid production is made with input-output analysis (EIOLCA) and based on chemical 

products which include ethylene or propylene glycol-based fluid which is the basis for deicing 

operations. Ground support systems comprise 22 categories which include among others aircraft 

pushback tractor, ground power unit, cargo loader, deicer, buses, service truck, water truck, baggage 

tug, conditioned air unit and air start unit. All in all, some 45 000 vehicles in the US airport fleet can 

be categorized as ground support equipment. 

Table 18 Energy impacts of air traffic infrastructure operations. 

MJ/pkm 

Embraer 

145 Boeing 737 Boeing 747 

Runway lighting 0,093 0,090 0,076 

Other electricity 0,000 0,000 0,000 

Deicing fluid production 0,145 0,142 0,117 

Ground support 

equipment 1,140 1,140 0,933 

Sum 1,378 1,371 1,126 

 

The table above shows estimates for annually air traffic infrastructure operation activities. The first 

observation is that energy impact from air traffic infrastructure operation is bigger than the energy 

impact from air traffic infrastructure construction. 

Operation of ground support equipment is by far the greatest contributor while runway lighting is 

the smallest. It is also worth noting that the biggest aircraft makes the least contribution on ground 

support equipment. This is because the biggest aircraft spend more time cruising at high altitude 

while the number of landings and taking-offs are higher for the smaller aircraft which consequently 

have more impact on ground supporǘ ŜǉǳƛǇƳŜƴǘΦ   LŦ ǿŜ ǿŜƛƎƘ ŜŀŎƘ ŀƛǊŎǊŀŦǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƛǘΩǎ 

contribution to total passenger kilometers travelled for the three aircrafts, the weighted sum for all 

operational activities is 1,29 MJ/passenger-kilometer/year. Calculated pr passenger, this is 6002,5 

MJ/passenger or 1667,4 kWh pr passenger. 

Schlaupitz gives an estimate for operation of Norwegian air traffic infrastructure. He includes ground 

support equipment (not further specified), deicing and fire exercises. He ends up with an estimate of 

7,7 kWh/passenger/year in primary energy. His estimate for operational activities is also higher than 

the corresponding one for infrastructure construction, but far less than the Horvath and Chester 

estimate. Again, part of the discrepancy can be explained by difference in the size of American and 

Norwegian air traffic. Also, Schlaupitz does not include lighting system in his estimate for air traffic 

infrastructure operations. This contributes about 6-7% of total energy impact in the Horvath and 

Chester estimate. 

Schlaupitz has done a process analysis for his estimate. He has tried to separate transport related 

activities from activities that are not transport related since he does not include restaurants, cafes 
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and service facilities in his air traffic infrastructure. He makes a discretionary assessment of total 

activities at Flesland Airport (the second biggest in Norway) and finds that 80 percent of them are 

transport related. 84 

Heiberg refers to an estimate of operation of air traffic infrastructure from Cordi on 4,8 kWh pr 

passenger 85. This is also far less than the estimate given in Horvath and Chester. The size of the 

airports included in the calculations again explains probably most of the discrepancy in estimates. 

/ƻǊŘƛΩǎ ŜǎǘƛƳŀǘŜ ǊŜŦŜǊǊŜŘ ǘƻ ƛƴ IŜƛōŜǊƎ Řo not include the biggest aircrafts. The top 50 airports in the 

USA are designed specifically for the biggest aircrafts which is the Boeing 747 in the Horvath and 

Chester estimate. Heiberg also refers to an estimate from Irwin in the range of 2,4-7,2 kWh pr 

passenger based on 20 years lifetime. 

 

Maintenance 

Maintenance of air traffic infrastructure is also estimated in the Horvath and Chester report 86.  

Because of lack of data, they assume that the energy requirement for air traffic infrastructure 

maintenance is 5% of total construction requirements. This proportion of total construction impact is 

meant to cover material replacement needed for air traffic infrastructure each year. 

 

Table 19 Energy impacts of air traffic infrastructure maintenance. 

MJ/pkm 

Embraer 

145 Boeing 737 Boeing 747 

Airports 0,000035 0,000035 0,000035 

 

As the table above shows, the energy impact of maintenance is far smaller than for construction and 

operation. Horvath and Chester include only maintenance of airports, not of runways and tarmacs. 

Since the energy impact is equal for each aircraft category, the weighted sum for all aircrafts will also 

be 0,000035 MJ/passenger-kilometer. 

Based on the estimates from Horvath and Chester, we can construct the following table. The weights 

ǳǎŜŘ ƛƴ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ǿŜƛƎƘǘŜŘ ƳŜŀƴ ŀǊŜ ŜŀŎƘ ŀƛǊŎǊŀŦǘΩǎ ǎƘŀǊŜ ƻŦ ǘƘŜ total number of passenger 

kilometers transported by all of them together. 

Table 20 Energy impacts of air traffic infrastructure activities pr passenger km and pr passenger. 

Total weighted sums  

MJ/pr passenger 

km 

kWh pr 

passenger 

Construction 0,014 18,8 
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Operation 1,288 1667,4 

Maintenance 0,000035 0,05044 

Total 1,302 1686,2 

As the table shows, operation is by far the activity with the biggest energy impact when we consider 

air traffic infrastructure. Operation of the infrastructure has an energy impact which is almost 90 

times as high as the construction of the infrastructure. Maintenance of the infrastructure has a 

negligible energy impact compared to the other activities. 

The table below sum up the estimates from three different sources. All estimates are in kWh per 

passenger. As the table shows, the estimate from Horvath and Chester is much bigger than the other 

estimates. This is mainly due to their estimates of operation of air traffic infrastructure. The biggest 

contribution to their estimate of infrastructure operation comes from operation of ground support 

equipment. The key question is therefore whether the other estimates include this equipment and 

what kind of equipment is included. This is impossible to tell from the estimates referred to in 

Heiberg. Schlaupitz has included ground support equipment in his estimate, but it is not clear what 

equipment is included. Also, Schlaupitz has separated activities that are not transport related from 

ǘƘŜ ƻƴŜǎ ǿƘƛŎƘ ŀǊŜΦ ¢Ƙƛǎ ƛǎ ŘƻƴŜ ŘƛǎŎǊŜǘƛƻƴŀǊȅΦ ¢Ƙƛǎ ǎŜǇŀǊŀǘƛƻƴ ƛǎ ƴƻǘ ŘƻƴŜ ƛƴ IƻǊǾŀǘƘ ŀƴŘ /ƘŜǎǘŜǊΩǎ 

estimate which also is based on far bigger airports than what Schlaupitz estimate is based on. 

Table 21 Energy impacts pr passenger for construction and operation of air infrastructure. 

kWh pr passenger Heiberg Schlaupitz 

Horvath & 

Chester 

Construction 3,5 0,4 18,8 

Operation 4,8 7,7 1667,4 

Sum 8,3 8,1 1686,2 

 

Total infrastructure energy use  

From the discussion above, we can construct the following table for different transport 

infrastructures. We have split the energy impact on construction, operation and maintenance. We 

should stress the fact that the air traffic infrastructure is based on estimates from Horvath and 

Chester which are designed to be representative for the top 50 airports in USA. The estimates for 

road and rail are more adjusted to Norwegian conditions. As such they may not be entirely 

comparable. It should also be noted that railway stations are not included in the estimates for rail 

infrastructure. Also, a lifetime of 50 years is assumed for airports 87. 

 

                                                           
87

 Horvath and Chester, page 91. We have used their estimate for each aircraft measured pr passenger miles 
travelled in order to construct an estimate for airport construction. The result is an estimate of yearly impact of 
airport construction. Implicitly, a lifetime of 50 years is used in order to produce these estimates. 
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MJ Pr passenger- km Road Rail Air 

Construction 0,130 1,066 0,014 

Operation 0,093 0,256 1,288 

Maintenance 0,163 0,171 0,00004 

Parking lot construction 0,014 0,034 0,002 

    

Sum 0,399 1,526 1,304 

 

As the table shows, rail infrastructure is the most energy demanding when we look at the total 

energy impact. If we look at each infrastructure component, we find that for construction, rail 

infrastructure is also the most energy demanding. Rail has a greater energy impact than road for 

every component listed, even for parking. For maintenance though, rail and road are almost equal,  

maintenance is a very energy demanding infrastructure activity for road infrastructure.  Air traffic 

infrastructure is the least energy demanding to construct but by far the most energy demanding to 

operate.  

Emission of CO2 

In this section we will look at emission of greenhouse gases that comes from construction of  

different infrastructures. There are several greenhouse gases ς what they have in common is that 

they contribute to global warming. The most important ones are carbon-dioxide, methan and 

nitrous-ƻȄƛŘŜ όάƭŀǳƎƘƛƴƎ-ƎŀǎέύΦ ¢ƘŜȅ ƘŀǾŜ ŀ Ǝƭƻōŀƭ ǿŀǊƳƛƴƎ ǇƻǘŜƴǘƛŀƭ όD²tύ 88. In order to evaluate 

the warming potential of different greenhouse gases they must be normalized. This means that we 

must measure how much they contribute to global warming on a common denominator. Usually this 

common denominator is CO2. So for gases other than CO2 we must know their warming potential 

relative to one unit of CO2.  

This normalization is done by IPCC, the climate panel of the United Nations. In order to normalize, a 

time span must be chosen. This is because different gases decay differently over a specific time 

period. Accordingly, we must choose a time span over which to identify the global warming potential 

of each of them.  

The values presented here are normalized by the authors of the report cited. We will refer to two 

reports used above. Schlaupitz 89 refer to the IPCC calculation of a 100 year time span for GWP 

calculations. Horvath and Chester 90 do not mention which time span is used for their GHG 

                                                           
88

See http://en.wikipedia.org/wiki/Global_warming_potential  
89 SŎƘƭŀǳǇƛǘȊΣ IΦΥ έ9ƴŜǊƎƛ- ƻƎ ƪƭƛƳŀƪƻƴǎŜƪǾŜƴǎŜǊ ŀǾ ƳƻŘŜǊƴŜ ǘǊŀƴǎǇƻǊǘǎȅǎǘŜƳŜǊέΣ bƻǊǎƪ bŀǘǳǊǾŜǊƴŦƻǊōǳƴŘ 

Rapport 3/2008, september 2008,  http://naturvernforbundet.no/getfile.php/Dokumenter/rapporter/2008-

2007/Energi%20og%20klimakonsekvenser%20av%20moderne%20transportsystemer.pdf  

90 Horvath, A and Chester, M.:  Environmental Life-cycle Assessment of Passenger Transportation: A Detailed 

Methodology for Energy,  Greenhouse Gas and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, 

http://en.wikipedia.org/wiki/Global_warming_potential
http://www.naturvern.no/data/f/1/24/31/4_2401_0/Rapport_250908.pdf
http://www.naturvern.no/data/f/1/24/31/4_2401_0/Rapport_250908.pdf
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(greenhouse gases) calculations. The choice of time span will influence the calculations since 

different gases will have a different warning potential due to their different decay period. 

Table 22  shows emission of CO2-equivalents from rail infrastructure construction, operation and 

maintenance. The table is a variant of Table 1 which presented estimates for energy use, but Table 

22  is only based on the two reports mentioned. The other reports cited in Table 1 do not contain any 

calculation of CO2-emissions following from their infrastructure estimates. The system borders are 

the same in the two tables.  The estimates of emission of CO2-equivalents for tunnels and bridges are 

weighted by the proportion of tunnels and bridges pr rail km.   

Table 22 Emission of CO2-eqivalents from rail infrastructure construction 

 

tonne cO2-ekvivalents railway infrastructure Schlaupitz BART 
 
 Caltrain   

Construction Single track Track substructure 626   

tonne CO2-equiv./ 

track-km 

  Track base 507   

tonne CO2-equiv./ 

track-km 

  Tunnels 1 409   

tonne CO2-equiv./ 

track-km 

  Bridges 832   

tonne CO2-equiv./ 

track-km 

  Tunnels and bridges 
12

 2 241    

  Sum 3 374   

tonne CO2-equiv./ 

track-km 

  Track and power distr. 3 231 639 

tonne CO2-equiv./ 

track-km 

 

Track 

substructure 

Movement of earth, 

stones, incl. Drilling.   3 581 #   

tonne CO2-

equiv./track-km 

  Materials for substructure  1 620   

tonne CO2-equiv./ 

track-km 

 Track base 

Materials for contact wires, 

transformers, signal 

system, stations, platforms, 

lighting, service roads 
 
 729   

tonne CO2-equiv./ 

track-km 

                                                                                                                                                                                     
Heavy Rail and Air v.2 ,  University of California, Berkely, 

http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport  

 

http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport
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 Stations 
6
   4 241 78 

tonne CO2-equiv./ 

track-km 

 

Parking lot 

stations   586 87 

tonne CO2-equiv./ 

track-km 

Operation Station lighting 
7
   4 5 

tonne CO2-equiv./ 

track-km/year 

 

Station 

escalators 
7
    1,1 0,1 

tonne CO2-

equiv./track-km/year 

 Train control   1,9 9 

tonne CO2-equiv./ 

track-km/year 

 Parking lot lighting  24,9 3 

tonne CO2-equiv./ 

track-km/year 

 

Materials, fuel and heating  incl. tunnels and 

bridges (primary energy)  14   

tonne CO2-equiv./ 

track-km/year 

Maintenance 

Station cleaning 
7
   0,1  

tonne CO2-equiv./ 

track-km/year 

 

Single track 

substructure 
9
  15   

tonne CO2-equiv./ 

track-km/year 

 

Single track 

support system 
9
  2   

tonne CO2-equiv./ 

track-km/year 

 

Track 

maintenance   2,9 2,0 

tonne CO2-equiv./ 

track-km/year 

 

Station 

maintenance   108,7 0,8 

tonne CO2-equiv./ 

track-km/year 

# Including capital wear. 

 

According to the Schlaupitz estimate from Table 22, there is an emission of 3,3 tonnes of CO2-

equivalents for each single track rail infrastructure km, including tunnels and bridges. The estimate 

for BART is very close. BART is part of San Francisco municipal transport system and has a large 

proportion of its tracks underground. Caltrain is mostly at ground level and its infrastructure has less 

GWP impact. 

Many of BART stations are underground so the GWP-impact of station construction is greater for 

BART than for Caltrain. Construction of stations have a greater global warming impact in BART than 

construction of the railway itself. This is not the case for Caltrain. We also note that there is quite an 

impact from parking lot construction. The estimate for parking lots in  the BART-system is at the 

same level as track base construction and track subbase construction from Schlaupitz. 
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The emission of greenhouse gases from rail infrastructure operation is estimated to be 14 tonnes pr 

track km pr year in Schlaupitz. The estimate for BART is greater, but it also includes parking lot 

lighting. The difference in electricity mixes in California and Norway will of course influence the 

estimate. Norway has almost exclusively hydro power as energy carrier for lighting. The emission in 

Norway comes from materials and machines used in operation of rail infrastructure. All in all, the 

operation estimate for Caltrain is close to the Norwegian estimate.  

For maintenance of rail infrastructure, Schlaupitz gives an estimate of 17 tonnes pr track km pr year. 

His estimate do not include railway stations. For station maintenance alone, the BART railway system 

has an emission of greenhouse gases of 109 tonnes pr track km pr year. Track maintenance has lower 

emissions in BART and Caltrain than in Schlaupitz, this is probably due to more snow clearing, fences 

for wild animals etc for Norwegian railways than for the more urban railways around San Francisco. 

Table 23 shows the emissions from road infrastructure construction, operation and maintenance. 

The estimates for tunnels and bridges are corrected for the proportion of tunnels and bridges pr road 

km.  All in all, construction of one km two lane road in Norway leads to an emission of 959 tonnes of 

greenhouse gases 91. This estimate includes tunnels and bridges. Construction of one km of rural road 

in USA leads to an emission of 365 tonnes of greenhouse gases 92 while the corresponding number 

for an urban road is 409 tonnes. As stated earlier, American roads have a support layer which is 30 

cm smaller than in Europe and the layer of reinforcement materials is about 60 cm smaller. Also, the 

surface layer is 15 cm smaller. This, together with the fact that the estimate from Horvath and 

Chester does not include tunnels and bridges, goes a long way in explaining the difference in the 

estimates. 

There is one other difference between the estimates. In the Schlaupitz estimate, almost 75% of all 

emissions come from substructure materials and construction. In the estimate from Horvath and 

Chester, the corresponding number is 14%.  For surface layer, the picture of course is the other way 

round. The surface layer is probably replaced more often in USA since the surface layer is smaller. 

Aslo, traffic is heavier in USA than in Norway, and the lifetime used by Horvath and Chester is only a 

tenth of what Schlaupitz use for Norwegian roads.  

Table 23 Emission of CO2-eqivalents from road infrastructure construction 

Road Infrastructure tonne co2-eq. pr km  Schlaupitz   

Horvath 

& 

Chester  

Construction 

Road 

substructure 

Two lanes 

excluding tunnels 

and bridges 
 
 Building 325  Metric tonne GGE/ km 

  
Two lanes, only 

Building 51  Metric tonne GGE/km 

                                                           
91

 See Table 9-15, page 63. Loss of carbon sequestring is not included, only direct emissions included. Schlaupitz 
uses kg pr road-m which is translated into tonne pr road-km. 
92 Appendix B, Rural construction factors, page 124. The uathors use Mg/mi (with capital M) which is 

assumed to be Mega-gram pr mile. See http://no.wikipedia.org/wiki/Mg  

http://no.wikipedia.org/wiki/Mg
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tunnels and bridges 

  

Four lanes 

excluding tunnels 

and bridges Building 1 105  Metric tonne GGE/km 

  

Four lanes, only 

tunnels and bridges Building 222  Metric tonne GGE/km 

  

Two lanes 

excluding tunnels 

and bridges Materials 79  Metric tonne GGE/km 

  

Two lanes only 

tunnels and bridges Materials 262  Metric tonne GGE/km 

  

Four  lanes 

excluding tunnels 

and bridges Materials 199  Metric tonne GGE/km 

  

Four lanes only 

tunnels and bridges Materials 1195  Metric tonne GGE/km 

  

Manufacturing  materials for rural local 

road USA  37 Metric tonne GGE/km 

  

Manufacturing materials for urban local 

road USA  46 Metric tonne GGE/km 

  Process equipment rural road USA  2 Metric tonne GGE/km 

  Process equipment urban road USA  2 Metric tonne GGE/km 

  Transport materials for rural road USA  12 Metric tonne GGE/km 

  Transport materials for  urban road USA  14 Metric tonne GGE/km 

 

Road 

surface 

Two lanes: 

Materials excl. bridges and tunnels 227  Metric tonne GGE/km 

  

Two lanes: 

Materials only  bridges and tunnels 16  Metric tonne GGE/km 

  

Four lanes: 

Materials excl. bridges and tunnels 558  Metric tonne GGE/km 

  

Four lanes: 

Materials only  bridges and tunnels 77  Metric tonne GGE/km 
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Manufacturing materials for rural local 

road USA  111 Metric tonne GGE/km 

  

Manufacturing materials for urban local 

road USA  137 Metric tonne GGE/km 

  Process equipment rural road USA  0,6 Metric tonne GGE/km 

  Process equipment urban road USA  1,2 Metric tonne GGE/km 

  Transport materials for rural road USA  204 Metric tonne GGE/km 

  Transport materials for  urban road USA  208 Metric tonne GGE/km 

Operation  

Two lanes standard 

road  11  

Metric tonne GGE/ 

km/year 

Maintenance Standard  Two lanes  55  

Metric tonne GGE/ 

km/year 

The only estimates we have for road operation and maintenance come from Schlaupitz. He estimates 

an emission of 11 tonnes pr road km for operation and 55 tonnes pr road km for maintenance.  

The discussion above has shown that the estimates from Schlaupitz are reasonable when compared 

to other available estimates. Based on his estimates we can construct  Table 24  which shows 

emissions of greenhouse gases for different infrastructure activities. Numbers in Table 24 include 

both passenger and freight transport. Note that stations are not included in the infrastructure for 

railway. We include the amount of road km and km of single track railway in Norway as well as 

passenger transport work for the two infrastructures, measured in passenger kilometers. The 

weights included in the table are the same as used above. They measure the proportion of passenger 

transport work relative to total transport work (including freight) for each infrastructure. Passenger 

transport is converted to tonne-km by assuming each passenger weighs 86,5 kg 93. 

Table 24 Emission of CO2-equivalents in tonne pr road km for different infrastructure activities for both passenger and 
freight transport 

 Road  Rail 

Construction (whole lifetime) 959 3 374 

Operation (pr year) 11 14 

Maintenance (pr year) 55 17 

Lifetime 40 40 

Km 93 247 4 114 

Weight for passenger transport 0,24 0,67 

                                                           
93

 See http://www.ssb.no/emner/01/03/10/rapp_200849/rapp_200849.pdf , page 17 

http://www.ssb.no/emner/01/03/10/rapp_200849/rapp_200849.pdf
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Passenger km 94 60 575 2910 

Tonne-km 16 313 2 467 

  

Based on this information we can estimate the emission of greenhouse gases in CO2-equivalents for 

each passenger kilometer on each infrastructure. Table 25 shows the result. The total emissions of 

CO2-equivalents from Table 24 are distributed on passenger and freight transport according to the 

weights in Table 24. 

Table 25 Emission of CO2-equivalents  pr passenger km for different infrastructure activities 

CO2-equivalents in 

kg/passenger km Road  Rail 

Construction 0,009 0,080 

Operation 0,004 0,013 

Maintenance 0,020 0,016 

Sum 0,033 0,109 

 

From Table 25 we can conclude that road infrastructure has an emission of CO2-equivalents in the 

order of 0,0033 kg/pass-km or 33 g/passenger-km. The same figure for rail  is 0,109 kg/passenger-km 

or 109 g/passenger-km. Thus, rail infrastructure has an emission pr passenger km which is about 76 

grams higher for each passenger-km travelled. 

The construction of infrastructure produces emissions of CO2-equivalents for rail which is almost 9 

times the emission from road pr passenger-km. Operation is also more demanding for rail 

infrastructure, about 3 times more demanding. For maintenance, the relationship is the opposite, 

road maintenance produce emissions of CO2-equivalents which is 1,25 times higher than for rail 

infrastructure. 

The same table can also be constructed for freight transport. The total freight transport work for rail 

is 2 467 tonne-km in 2007 while the transport work for road was 16 313 millioner tonn-km. These 

numbers have been used to normalize the numbers in  Table 26. Since freight transport is a much 

bigger part (76%) of total road transport than for total rail transport (33%), the figures for road 

infrastructure are much higher than the corresponding ones for rail. Maintenance is almost 27 times 

more demanding for road freight transport than for rail pr tonne-km, while construction acitivity is 

about 2,3 times higher pr tonne-km. Operation of infrastructure is about 6 times higher pr tonne-km 

for road infrastructure than for rail. 

Table 26  Emissions of CO2-equivalents in kg pr tonne  km for different infrastructure activities 

                                                           
94

 For rail transport, passenger-km are calculated excluding passenger transport performed by tram and 
subway. 
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Road Rail 

Construction 0,104 0,046 

Operation 0,048 0,008 

Maintenance   0,239 0,009 

Sum 0,391 0,063 

Notes 
Notes on railway infrastructure construction table 

1
 Assuming single track. The estimate is without tunnels and bridges, but includes underground tracks and 

elevated or aerial tracks. BART (Bay Area Rapid Transit) has a multitude of different tracks.  

2 
 Numbers in primary energy.  

3 
Numbers from Schlaupitz includes tunnels. (Note: Greater than corresponding number for total energy 

consumption for infrastructure!) 

4 
Caltrain is diesel-driven        

5 
Numbers from Schlaupitz weighted by proportion of meter tunnels and bridges pr track km  

6
 Caltrain has much simpler stations,..." two platforms are constructed at grade on the side of the track"   

       (Horvath and Chester, p 58). Numbers from Jonsson based on Swedish station number  and track length. 

7 
Assuming 25 years track lifetime, see Horvath and Chester, page 66      

8
 Assuming 50 years track lifetime, see Jonsson, page 28       

9 
Yearly contribution from material consumption for track substructure (Table 8-9, page 41) and support 

systems (Table 8-12, page 42). Energy impact from construction (not materials) in addition, see Table 8-3 and 

Table 8-12. 

10   Page 46, table 8-16 

11
  Page 40, second paragraph. 

12
  Heiberg, table 3-11, page 60. 

 

 

 

 

Notes on road infrastructure construction table 
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1
 
 
All numbers from Heiberg are in primary energy, numbers from Schlaupitz are in primary energy if not 

otherwise stated.          

2
 Numbers for wearing layers and subbase layers obtained from  PaLATE. Tunnels and bridges not included. 

http://www.ce.berkeley.edu/~horvath/palate.html referenced in Horvath and Chester,  

http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport  page 124. 

3  
Excl. machines for maintenance, incl. replacement of surface layers, diesel for engines, road marking, filling 

materials. 

4
 Including tunnels and bridges. 

5
 Schlaupitz, table 9-14, including tunnel ventilation and signal systems. 

 

Allokering av energibruk og utslipp for konstruksjon, vedlikehold og drift 

av vei-infrastruktur mellom passasjer og godstransport  

Innledning  

Energi og utslipp knyttet til bygging, vedlikehold og drift av vei-infrastruktur må fordeles mellom 

passasjertransport og godstransport. Vi skal i dette notatet foreslå en metode som er hentet fra en 

nederlandsk studie 95. Metoden bygger på personbilekvivalenter samt opplysninger om akseltrykk for 

kjøretøy som brukes i godstransport og passasjertransport.   

I den amerikanske Highway Capacity Manual (HCM), fjerde utgave for år 2000, er 

ǇŜǊǎƻƴōƛƭŜƪǾƛǾŀƭŜƴǘŜǊ ŘŜŦƛƴŜǊǘ ǎƻƳ έΦΦŘŜǘ ŀƴǘŀƭƭ ǇŜǊǎƻƴōƛƭŜǊ ǎƻƳ ōƭƛǊ ŦƻǊǘǊŜƴƎǘ ŀǾ Ŝǘ ǘǳƴƎǘ ƪƧǄǊŜǘǄȅ ŀǾ 

Ŝƴ ǎǇŜǎƛŜƭƭ ǘȅǇŜ ǳƴŘŜǊ ǎǇŜǎƛŦƛǎŜǊǘŜ ǾŜƛŦƻǊƘƻƭŘ ƻƎ ǘǊŀŦƛƪƪŦƻǊƘƻƭŘέ 96. 

Den nederlandske studien analyserer kostnader for motorveier, regionale veier samt kommunale 

veier, Kostnadene er splittet på bygging  og vedlikehold av veiene. Studien tar hensyn til 

arealkostnader for veier, bensinstasjoner, veikroer samt parkeringsområder.   

Konstruksjon av veianlegg  

Den nederlandske studien deler kostnader ved konstruksjon av vei i to deler. Den største delen (89%) 

fordeles mellom kjøretøy på grunnlag av vognkilometer. Alle kjøretøy i passasjer- og godstransport 

omregnes til personbilekvivalenter. Tallene for vognkilometer multipliseres med disse 

personbilekvivalenter for å ta hensyn til at ulike kjøretøy opptar ulik plass på vegen.  Effekten av en 

vogn-km er derfor avhengig av kjøretøyets størrelse relativt til personbilen. 

For å beregne personbilekvivalenter tas det utgangspunkt i bremselengder for ulike kjøretøy for en 

gitt fart. Med en fart på 60 km pr time trenger en personbil 30 meter for å stoppe. Denne distansen 

settes til 1 som er personbilekvivalent-verdien for en personbil. For en buss og en lastebil uten 

                                                           
95

 Koetse,M.J., Bruinsma, F.R.,Rietveld, P.: Cost of Road Infrastructure for Passenger and Freight Transport in 
the Netherlands,  http://www -sre.wu-wien.ac.at/ersa/ersaconfs/ersa03/cdrom/papers/158.pdf  
96

  "ΧΦthe number of passenger cars displaced by a single heavy vehicle of a particular type under specified 
roadway, traffic and control conditions."  http://www.allbusiness.com/transportation-warehousing/892939-
1.html , se fotnote 16. 

http://www.ce.berkeley.edu/~horvath/palate.html
http://repositories.cdlib.org/cgi/viewcontent.cgi?article=1015&context=its/future_urban_transport
http://www-sre.wu-wien.ac.at/ersa/ersaconfs/ersa03/cdrom/papers/158.pdf
http://www.allbusiness.com/transportation-warehousing/892939-1.html
http://www.allbusiness.com/transportation-warehousing/892939-1.html
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tilhenger oppgis ekvivalentverdien til å være 1,2 mens verdien for en lastebil med tilhenger eller en 

semitrailer oppgis til 1,4.   

Om farten øker til 100 km i timen trenger en personbil 50 meter for å stoppe. Med denne farten 

oppgis ekvivalensverdiene for busser og lastebiler  uten henger oppgis verdien til 1,1 mens verdien 

for lastebiler med tilhenger eller semitrailer oppgis til 1,2.  

Den resterende delen av byggekostnadene (11%) allokeres etter akseltrykket.  Kjøretøyenes  

akseltrykk opphøyes i fjerde potens. Denne faktoren multipliseres med vogn-km for kjøretøyene, og 

produktet brukes til allokering av de siste 11% av bygge-kostnadene ved konstruksjon av vei.  

Personbilakseekvivalentkm  

En studie fra TØI opererer med begrepet personbilakse-ekvivalenter 97 for å fordele slitasjekostnader 

for norske veianlegg på ulike kjøretøy som utfører passasjer- og godstransport. Studien tar 

utgangspunkt i at 80% av all veitransport foregår på riksveger. Slitasjekostnader pr km er derfor kun 

beregnet for riksveinettet.   

For å beregne ulike kjøretøy slitasjekostnader regnes det ut bæreekvivalensfaktorer. Disse er basert 

på en amerikansk studie fra 1974.  Verdiene er tilpasset nordiske forhold. Det benyttes følgende 

formel for utregning av ekvivalensverdier basert på kjøretøyets akseltrykk relativt til en personbils 

akseltrykk:  

Ὑ
ὴ

πȟυ
 

 I formelen er R bæreekvivalensfaktoren for et gitt kjøretøy, p er det aktuelle akseltrykket for 

kjøretøyet, 0,5 er akseltrykket for en personbil og a er en eksponent som avhenger av vegens 

bæreevne. Studien anbefaler en verdi for a på 2,5.   

Studien fra TØI beregner videre personbilakseekvivalenter for ulike kjøretøy. Det typiske maksimale 

akseltrykk for ulike kjøretøy beregnes på grunnlag av nyttelast, totalvekt og antall aksler. 

Bæreekvivalensverdiene  brukes til beregning av personbilakseekvivalenter. Disse ekvivalentene blir 

igjen multiplisert med kjøretøyenes gjennomsnittlige kjørelengde. Til slutt blir dette produktet 

multiplisert med en faktor på 2 for å få verdiene i personbilakseekvivalentkm. Det oppgis at faktoren 

på 2 er en forenkling siden de største lastebilene vil ha flere enn 2 aksler 98. Til slutt multipliseres 

verdiene for personbilakseekvivalentkm med antall kjøretøy i hver gruppe for å få totale 

personbilakseekvivalentkm for hele  kjøretøygruppen.  

Tabell 1  Personbilakseekvivalenter for ulike kjøretøy 

Kjøretøy gruppe etter 
nyttelast 

Gj.snittlig 
nyttelast 
       (A) 

Typisk 
akseltrykk 
       (B) 

Typisk 
akseltrykk, 
bakaksel 
       (C) 

Personbil-
aksel-
ekvivalent 
eksp 2,5 * 
     (D) 

Personbil, bensin 
 

0,5 0,5 1 

                                                           
97

 Eriksen, K.S., Hovi, I.B.: Transportmidlenes marginale kostnadsansvar,  TØI-Notat 1019/1995 
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf 
98

 Ibid., side 18 

http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf
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Personbil, diesel 
 

0,5 0,5 1 

Buss 
 

5 6 241 

Lett godsbil, bensin 0,6 1 2 25 

Lett godsbil, diesel 0,6 1 2 25 

Lastebiler, 1-4,9 tonn 1,9 2 3 51 

Lastebiler 5-7,9 tonn 6,6 5 8 387 

Lastebiler 8 tonn+ 11,8 6 12 429 

 

Tabell 1 viser personbilakseekvivalenter for ulike typer kjøretøy fra TØI-studien. Det er tatt hensyn til 

utnyttelsesgraden for ulike kjøretøy. Om vi ser på verdien for buss vil formelen ovenfor gi verdien 

(6/0,5)2,5 =499. Verdien i  Tabell 1 er 241 som derfor er korrigert med en utnyttelsesgrad på 

241/499=0,48. 

Tabell 2 viser verdien for personbilakseekvivalentkm  for de samme grupper av kjøretøy. Verdiene i 

kolonne B framkommer ved å multiplisere verdiene fra Tabell 2 med gjennomsnittlig kjørelengde for 

kjøretøygruppen. Kolonne A i Tabell 3 viser de gjennomsnittlige kjørelengdene som er benyttet i 

utregning av  Tabell 2.  Disse kjørelengdene er beregnet i dette notatet fra Tabell 1 og Tabell 2. 

Verdiene gjelder for 1995. For buss blir kjørelengden 9043390/241/2= 18 762 km pr år for en enkelt 

buss. 

Kolonne C i Tabell 2 framkommer ved å ta verdiene i kolonne B og multiplisere med tall kjøretøy i 

hver gruppe. Dette gir totale personbilakseekvivalentkm. Kolonne B i Tabell 3 viser hvor mange 

kjøretøy det er i hver gruppe. Tallene i Tabell 3 er beregnet fra Tabell 1 og Tabell 2. 

Tabell 2 Personbilakseekvivalentkm for ulike grupper av kjøretøy 

Kjøretøy gruppe etter 
nyttelast 

Gj.snittlig 
nyttelast 
(tonn) 
   (A) 

Gj.snittlig 
PBAE km 
eksp 2,5 
     (B) 

Total PBAE 
km eksp 
2,5 
    (C) 

Personbil, bensin 
 

28664 3,75E+10 

Personbil, diesel 
 

33723 1,79E+09 

Buss 
 

9043390 2,10E+11 

Lett godsbil, bensin 0,6 728114 2,37E+10 

Lett godsbil, diesel 0,6 728114 4,81E+10 

Lastebiler, 1-4,9 tonn 1,9 1852945 1,21E+11 

Lastebiler 5-7,9 tonn 6,6 13121136 8,94E+10 

Lastebiler 8 tonn+ 11,8 30490779 7,53E+11 

Sum 
  

1,28E+12 

 

Tabell 3 Gjennomsnittlig kjørelengde og antall kjøretøy for ulke kjøretøygruppe 
99

.  

                                                           
99

 Beregnet fra tabell 1 og 2. 
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Kjøretøy gruppe etter 
nyttelast 

Gj. Snitt 
Kjøre- 
lengde  pr 
kjøretøy pr 
år 
     (A) 

Antall 
kjøretøy 
    (B) 

Personbil, bensin 14 332 1 308 261 

Personbil, diesel 16 862 53 080 

Buss 18 762 23 221 

Lett godsbil, bensin 14 562 32 550 

Lett godsbil, diesel 14 562 66 061 

Lastebiler, 1-4,9 tonn 18 166 65 301 

Lastebiler 5-7,9 tonn 16 952 6 813 

Lastebiler 8 tonn+ 35 537 24 696 

 

Verdiene i Tabell 2 kan benyttes til å fordele energibruk og utslipp mellom passasjer- og 

godstransport for vedlikehold av det norske veinett.  

Personbilekvivalenter  

For konstruksjon av veier følger vi den nederlandske studien hvor  89% av kostnadene allokeres ut fra 

personbilekvivalenter multiplisert med vogn-km for ulike kjøretøygrupper. I stedet for 

personbilekvivalentene som er benyttet i den nederlandske studien skal vi benytte verdier hentet fra 

159 fra Statens Vegvesen fra 1990. Her beregnes ekvivalensverdier for ulike  kjøretøy basert på 

veiens kurvatur og servicenivå. Det beregnes en ekvivalensverdi for tunge lastebiler og trailere, en for 

busser og en verdi for rekreasjonskjøretøy. Verdiene benyttes av Statens Vegvesen for 

dimensjonering av nye veger. Verdiene i Vegvesenets håndbok er basert på ekvivalensverdier utviklet 

i Highway Capacity Manual (HCM) i USA. Verdiene i håndboken er basert på en gjennomsnittlig andel 

av tunge kjøretøy på 10%, hvorav 7% er lastebiler, 2% er rekreasjonskjøretøy og 1% er busser. 

Veiens kurvatur er delt inn i tre kategorier.  I flatt terreng kan tunge kjøretøy holde tilnærmet samme 

fart som personbiler. Den maksimale stigning over lengre strekninger er på 3% , det vil si 3 meter 

vertikal stigning for hver 100 meter i horisontal retning.   Farten på strekningene er høy med 

forbikjøringssikt.  

I kupert terreng vil tyngre kjøretøy ha betydelig lavere hastighet enn  personbiler. De tyngre kjøretøy 

vil kjøre på lave gir over lengre tidsrom. Stigning på 5-6% over 1-2 km er ikke uvanlig.  Farten er 

relativ høy og enkelte strekninger vil ha forbikjøringssikt. I bratt terreng vil tunge kjøretøy kjøre i 

meget lave hastigheter over lengre, bratte strekninger. Farten er lav og det er få strekninger med 

forbikjøringssikt. 

Videre er verdiene i håndboken avhengig av veiens servicenivå. Det er definert 6 servicenivå. De 

skiller seg fra hverandre på grunnlag av trafikkflyten. For servicenivå A  antas førerne av kjøretøyene 

selv å kontrollere trafikkflyten, innvirkningen fra annen trafikk er så liten at den ikke påvirker 

førernes egne valg. For servicenivå B og C antas stabil trafikkavvikling, men i sigende grad blir 

førernes adferd begrenset av andre kjøretøy. For ǎŜǊǾƛŎŜƴƛǾň / ŜǊ έΧƳǳƭƛƎƘŜǘŜƴŜ ǘƛƭ ň ǾŜƭƎŜ 

ƘŀǎǘƛƎƘŜǘΣ ǎƪƛŦǘŜ ƪƧǄǊŜŦŜƭǘ ŜƭƭŜǊ ŦƻǊŜǘŀ ŦƻǊōƛƪƧǄǊƛƴƎŜǊ ōŜƎǊŜƴǎŜǘέΦ  
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For servicenivå D og E representerer stigende grad av ustabil trafikkavvikling. På servicenivå E er 

avvikling av trafikk bare mulig ved lavere hastigheter. Servicenivå F kjennetegnes av ustabil avvikling, 

kødannelser og delvis stillstand 100. 

Statens Vegvesen beregner personbilekvivalenter for tre servicenivå og tre typer kurvatur Servicenivå 

A er brukt som egen kategori. Servicenivå B og C er slått sammen til en kategori, det samme er 

servicenivå D og E.  Dette gir 27 verdier. Vi vil bruke verdiene for kupert terreng og servicenivå B og C 

som representative for norske forhold. Disse valgene er subjektive i den forstand at det ikke finnes 

data for servicenivå for norske veger eller data for hvor stor del av vegnettet som faller inn under de 

ulike definisjonene av kurvatur.  

Figur 1 viser personbilekvivalentene fra håndboken til Statens Vegvesen. For lastebiler er verdien 5, 

for rekreasjonskjøretøy 3,9 og for busser 3,4. Disse verdiene er høyere enn i studien fra Nederland. 

Det er ikke skilt mellom ulik kurvatur eller ulikt servicenivå for de ulike veiene i Nederland.  Siden 

disse veiene har en annen kurvatur, et annet servicenivå og er mer homogene enn veiene i Norge er 

det rimelig at verdiene i Norge og Nederland blir ulike.  

Figur 1 Personbilekvivalenter frå Håndbok 159 Statens Vegvesen 1990 

 

Personbilekvivalentene fra Statens Vegvesen tar ikke hensyn til lastebilenes vekt. Det er bare 

beregnet en verdi for alle typer lastebiler.  Vi velger å ta utgangspunkt i kjøretøyene slik de er 

gruppert i studien fra TØI. Vi definerer begrepet lastebil fra Håndboka til Statens Vegvesen til å 

omfatte lastebiler med nyttelast over 5 tonn fra TØI-studien. For lette godsbiler bruker vi verdiene 

ŦǊŀ ŘŜƴ ƴŜŘŜǊƭŀƴŘǎƪŜ ǎǘǳŘƛŜƴ ŦƻǊ ǾŀǊŜōƛƭŜǊ όέŘŜƭƛǾŜǊȅ Ǿŀƴέύ ƻƎ ŦƻǊ ƭŀǎǘŜōƛƭŜǊ ǳƴŘŜǊ р ǘƻƴƴ ōǊǳƪŜǊ Ǿƛ 

verdien for ƭŀǎǘŜōƛƭŜǊ ǳǘŜƴ ǘƛƭƘŜƴƎŜǊ όέǘǊǳŎƪ ǎƻƭƻέύΦ 5ŜǘǘŜ ƎƛǊ ǾŜǊŘƛŜƴ м ŦƻǊ ƭŜǘǘŜ ƎƻŘǎōƛƭŜǊ ƻƎ ǾŜǊŘƛŜƴ 

1,2 for lastebiler under 5 tonn nyttelast. 

Det kan reises innvendinger mot disse verdiene. Verdiene som er hentet fra den nederlandske 

studien er ikke direkte overførbare til norske forhold. Det blir etter vårt skjønn like misvisende å 
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 Statens Vegvesen, Håndbok 159, http://www.vegvesen.no/binary?id=14165, side 14 

http://www.vegvesen.no/binary?id=14165
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bruke verdien for tunge lastebiler for lette godsbiler eller for de lettere lastebiler. Dette vil gi disse 

lettere kjøretøyene for høye personbilekvivalenter og følgelig allokere for høye verdier totalt for 

godstransport relativt til passasjertransport. 

Verdiene tar heller ikke hensyn til andre forhold ved norske veier som snøforhold. En amerikansk 

ǎǘǳŘƛŜ ǇŜƪŜǊ Ǉň ŀǘ έΦΦǎƴƻǿ ŎƻǾŜǊŜŘ ǇŀǾŜƳŜƴǘ ǊŜǎǳƭǘŜŘ ƛƴ t/9Ωǎ ǘƘŀǘ ǿŜǊŜ ŀǎ ƳǳŎƘ ŀǎ нст҈ higher 

ǘƘŀƴ ǘƘŜ t/9Ωǎ ŎŀƭŎǳƭŀǘŜŘ ŦƻǊ ŘŜŦŀǳƭǘ ǇŀǾŜƳŜƴǘέ 101. 

I beregningen av personbilekvivalenter for passasjertransport er det ikke tatt hensyn til motorsykler 

og mopeder.  Det er med andre ord forutsatt at personbilekvivalenter for disse transportmidler er 

tilnærmet lik null. En japansk studie 102 fra 2001 beregner personbilekvivalenter for motorsykler i 

Bangkok og Hanoi og finner en verdi i størrelsesorden 0,6-0,63 for begge byer. En thailandsk studie 
103 fra 2003 opplyser at i Hanoi utgjør motorsykler 90% av trafikken mens tallet for Bangkok er 20% . 

Den samme studien hevder at verdiene for personbilekvivalenter fra den japanske studien er altfor 

høye. I den thailandske studien ble data samlet inn i byene Bangkok og Hanoi i gatekryss hvor 

lastebiler ikke hadde lov til å kjøre på det tidspunkt datainnsamlingen ble foretatt. Studien forslår en 

personbilekvivalent på 0,24 for Hanoi og 0,18 for Bangkok 104. En studie fra Bangla Desh 105 oppgir 

personbilekvivalenter for motorsykler og mopeder i Storbritannia til 0,3 mens tilsvarende verdier for 

Bangla Desh anslås til 0,75.  Verdien for Storbritannia er hentet fra en studie fra 1958.  Heller ikke i 

studien fra Bangla Desh ble lastebiler inkludert i datainnsamlingen 106. 

Vi har ikke noe datagrunnlag for å beregne personbilekvivalenter for motorsykler og mopeder. 

Verdien i Norge vil ligge langt under land i Asia hvor bruk av motorsykler og mopeder er langt mer 

utbredt og hvor disse kjøretøy kan brukes hele året.  Verdien for Storbritannia er heller ikke 

representativ for situasjonen i Norge i 2010. I alle tilfelle vil personbilekvivalenter for motorsykler og 

mopeder ligge godt under 0,5 basert på diskusjonen ovenfor. Bidragene fra disse kjøretøy blir derfor 

marginale målt mot busser og lastebiler. 

Vi velger derfor å se bort fra  motorsykler og mopeder når det gjelder energibruk og utslipp fra 

infrastruktur vei.  

Konstruksjon  

Vi skal fordele 89% av energi og utslipp for konstruksjon av vei etter personbilekvivalent-km, definert 

som  produktet av vogn-kilometer og personbilekvivalenter. Tabell 4  viser resultatet for grupper av 

kjøretøy slik de er definert i studien fra TØI. Vi lar personbiler og buss representere 
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passasjertransporten. Disse kjøretøyenes andel av totale personbilekvivalent-km blir vekten for 

energi og utslipp som skal allokeres til passasjertransporten. Tilsvarende finner vi godstransportens 

andel for de andre kjøretøyene.  Tabell 4 viser sum personbilekvivalenter for henholdsvis passasjer- 

og godstransport. Med disse summene kan vi beregne en vekt på  0,723 for passasjertransport og 

0,277 for godstransporten.  

Tabell 4 Personbilekvivalentkm  for ulike typer kjøretøy. 

Konstruksjon 
Personbil- 
ekvivalenter Vognkm 

Personbil- 
ekvivalent-km 

Personbil, bensin 1,00 18 750 000 000 18750000000 

Personbil, diesel 1,00 895 000 000 895000000 

Buss 3,40 435 684 647 1481327801 

Lett godsbil, bensin 1,20 474 000 000 568800000 

Lett godsbil, diesel 1,20 962 000 000 1154400000 

Lastebiler, 1-4,9 tonn 1,20 1 186 274 510 1423529412 

Lastebiler 5-7,9 tonn 5,00 115 503 876 577519379,8 

Lastebiler 8 tonn+ 5,00 877 622 378 4388111888 

    

    Passenger Transport 
 

20 080 684 647 21 126 327 801 

Gods transport 
 

3 615 400 763 8 112 360 680 

    Sum 
 

23 696 085 411 29 238 688 481 

 

De resterende 11% for konstruksjon av vei-infrastruktur fordeles i den nederlandske studien etter 

akselbelastning i fjerde potens multiplisert med vogn-km for ulike kjøretøy. Vi velger her å bruke 

personbilakseekvivalentkm slik begrepet er definert i rapporten fra TØI. Verdiene for vogn-km 

multipliseres med 2 siden det er snakk om aksel-km og ikke vogn-km. Denne korrigeringen gir større 

vekter for godstransporten.   

 Tabell 4 viser fordeling av personbilakseekvivalentkm for ulike kjøretøy. Summerer vi verdiene for 

personbiler og busser og dividerer på totalverdien får vi en vekt for passasjertransporten på 0,194 

mens den tilsvarende vekten for godstransport blir 0,806. Uten korrigering for aksel-km ville vi fått 

en vekt for passasjertransport på 0,514 med en tilsvarende vekt for godstransporten på 0,486. 

Korreksjonen for aksel-km gir dermed et større skille mellom passasjer- og godstransport. 

Tabell 5 viser vekter for passasjer- og godstransport for konstruksjon av infrastruktur vei.  

 

Tabell 5 Vekter for konstruksjon av vei-infrastruktur 

Konstruksjon 
89 % 
(A)   

11 % 
(B)   

Total vekt 
        (C ) 
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Passasjer 0,723 0,194 0,664 

Gods 0,277 0,806 0,336 

 

Persontransport  

Vi kan bruke verdiene ovenfor til å fordele energibruk og utslipp til infrastruktur vei mellom personbil 

og buss for passasjertransport.   Vi summerer verdiene personbilekvivalentkm for personbil bensin og 

diesel i Tabell 4 og får Tabell 6 hvor også verdiene for busser er gjengitt. Vektene i Tabell 6 skal telle 

89% ved fordeling av energi og utslipp for konstruksjon av vei for kjøretøy til passasjertransport. 

Tabell 7 viser personbilakseekvivalentkm for kjøretøy for passasjertransport. Verdiene for personbil 

bensin og diesel er slått sammen til en verdi for personbil. Vektene for kjøretøyene i Tabell 7 skal 

telle 11% ved beregning av energibruk og utslipp for konstruksjon av infrastruktur vei for kjøretøy til 

passasjertransport. 

Tabell 6 Personbilekvivalentkm  for kjøretøy for passasjertransport 

Konstruksjon 

Personbil- 
ekvivalenter 
     (A) 

Vognkm 
     (B) 

Personbil- 
ekvivalent-km 
    (C=A*B) 

 
 
Vekter 
   (D) 

Personbil, bensin og diesel 1,00 19 645 000 000 19 645 000 000 0,672 

Buss 3,40 435 684 647 1 481 327 801 0,051 

    

 

Sum 
 

23 696 085 411 29 238 688 481 0,723 

 

Tabell 7 Personbilakseekvivalentkm for ulike  kjøretøy for passasjertransport 

 

Total PBAE km 
eksp 2,5 
    (A) 

 
 
 
Vekter 
   (B) 

Personbil, bensin og diesel 39 290 000 000 0,031 

Buss 210 000 000 000 0,163 

Sum 249 290 000 000 0,194 

 

Dette gir disse vekter for personbil og buss konstruksjon av infrastruktur vei. 

Tabell 8 Vekter for fordeling av energibruk og utslipp for konstruksjon av infrastruktur vei for kjøretøy til 
passasjertransport 

 

Personbil- 
ekvivalentkm 
      (A) 

Personbil-
akse-
ekvivalentkm 
      (B) 

 
 
Vekter 
(C=0,89*A+0,11*B) 

Personbil, bensin og diesel 0,672 0,031 0,601 
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Buss 0,051 0,163 0,063 

Sum 0,723 0,194 0,664 

 

Vedlikehold  

TØI-rapporten fordeler kostnader til vedlikehold på riksveger etter trafikkvolumavhengige, 

trafikkavhengige og faste kostnader 107. De trafikkvolumavhengige kostnader påvirkes av 

trafikkvolumets påvirkning av veiens bæreevne.  Jo større trafikkvolum målt med 

bæreeveneekvivalenter, jo større behov for vedlikehold. I tillegg vil bruk av piggdekk påvirke veiens 

bæreevne. De trafikkvolumavhengige kostnader omfatter kostnader til veikropp, bruer, kaier og del 

av veidekkekostnader. 

5Ŝ ǘǊŀŦƛƪƪŀǾƘŜƴƎƛƎŜ ƪƻǎǘƴŀŘŜƴŜ ŜǊ ŘŜŦƛƴŜǊǘ ǎƻƳ έΦΦƪƻǎǘƴŀŘŜǊ ǎƻƳ ƛƪƪŜ ŘƛǊŜƪǘŜ ŜǊ ƪƴȅǘǘŜǘ ǘƛƭ 

ǘǊŀŦƛƪƪǾƻƭǳƳŜǘΣ ƳŜƴ ǘƛƭ ŘŜǘ ň Ƙŀ Ŝǘ ǾŜƎǾŜŘƭƛƪŜƘƻƭŘ ǎƻƳ ƎƛǊ Ŝƴ ŦƻǊǎǾŀǊƭƛƎ ǘǊŀŦƛƪƪŀǾǾƛƪƭƛƴƎΦέ 5ƛǎǎŜ 

kostnadene fordeles med en lik sum i øre pr km for alle kjøretøysgrupper. Nivået på kostnadene er 

fastsatt ut fra samlede vogn-km for alle kjøretøy 108. Kostnadene omfatter halvparten av skilting og 

merking av veier samt halvparten av vintervedlikeholdet. 

 De faste kostnadene fordeles likt for alle kjøretøysgrupper. Kostnadene omfatter den delen av 

veidekke som ikke omfattes av de trafikkvolumavhengige kostnader, halvparten av skilting og 

merking, halvparten av vintervedlikeholdet samt kostnader til ras, flom og refusjoner til kommunene. 

Tabell 9 viser fordeling av de ulike typer kostnader 109.  Vi kan fordele kostnadene på kjøretøy som 

brukes i passasjertransport og godstransport slik det er vist i tabellen. Videre kan vi beregne andeler 

av sum kostnader til vedlikehold for  de ulike kategorier. Dette gir utgangspunkt for å beregne vekter 

for vedlikehold. Med utgangspunkt i kolonne F kan vi anslå vekten for passasjertransport til 0,315 og 

vekten for godstransport til 0,685.  

Tabell 9 Fordeling av vedlikeholdskostnader. Øre pr km. 

 

Bæreevne-
avhengige 
      (A) 

Piggdekk 
      (B) 

Øvrige 
trafikk-
avhengige 
      (C) 

Faste 
kostnader 
       (D) 

Sum 
trafikkvolum-
avhengige 
       (E)  

Sum 
  (F) 

Personbil, bensin 0,18 0,26 2,84 4,82 0,44 8,1 

Personbil, diesel 0,18 0,26 2,84 4,82 0,44 8,1 

Buss 44,04 1,31 2,84 4,82 45,35 53,01 

Lett godsbil, bensin 4,53 0,26 2,84 4,82 4,79 12,45 

Lett godsbil, diesel 4,53 0,26 2,84 4,82 4,79 12,45 

Lastebiler, 1-4,9 tonn 9,31 1,31 2,84 4,82 10,62 18,28 

Lastebiler 5-7,9 tonn 10,76 1,31 2,84 4,82 12,07 19,73 

Lastebiler 8 tonn+ 78,44 1,31 2,84 4,82 79,75 87,41 

       Passasjer 44,4 1,83 8,52 14,46 46,23 69,21 
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Gods 107,57 4,45 14,2 24,1 112,02 150,32 

 

Passasjertransport  

På samme måte som for konstruksjon kan vi fordele vekter mellom kjøretøy til passasjertransport. Vi 

summerer verdiene for personbil bensin og diesel i Tabell 9 og beregner personbilens og bussens 

andel av samlede vekter til persontransport. Tabell 10 viser resultatet. Vi får en vekt på 0,074 for 

personbiler og 0,241 for busser. 

Tabell 10 Fordeling av vedlikeholdskostnader for kjøretøy til persontransport. Øre pr km. 

 

Bæreevne-
avhengige 
      (A) 

Piggdekk 
      (B) 

Øvrige 
trafikk-
avhengige 
      (C) 

Faste 
kostnader 
       (D) 

Sum 
trafikkvolum-
avhengige 
       (E)  

Sum 
  (F) 

 
 
Vekter 
    (G) 

Personbil, bensin 
og diesel 0,36 0,52 5,68 9,64 0,88 16,2 0,074 

Buss 44,04 1,31 2,84 4,82 45,35 53,01 0,241 

Sum Passasjer 44,4 1,83 8,52 14,46 46,23 69,21 0,315 

 

Drift  

Når det gjelder drift av vei-infrastruktur følger vi den nederlandske studien og allokerer energi og 

utslipp for drift etter vogn-km for de ulike typer kjøretøy. Drift omfatter snøbrøyting, veisalting, 

ventilering og belysning av tunneler, beskyttelsesmur for støy, signalanlegg samt belysning av veier 

og parkeringsområder. Vogn-km er gjengitt i Tabell 4. Summerer vi for persontransport og 

godstransport og dividerer på totalen finner vi en vekt på 0,847 for passasjertransport og 0,153 for 

godstransport.  

Passasjertransport  

Vi kan fordele energibruk og utslipp for infrastruktur vei mellom kjøretøy til passasjertransport ved å 

bruke tallene fra Tabell 4. Vi summerer verdiene for personbil bensin og diesel og beregner andeler. 

Tabell 11 viser resultatet. 

Tabell 11 Fordeling av vogn-km for kjøretøy til passasjertransport. 

 Vogn-km 
   (A) 

Vekter 
     (B) 

Personbil bensin og 
diesel 19 645 000 000 0,829 

Buss 435 684 647 0,018 

Sum 23 696 085 411 0,847 
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Vekter  

Tabell 12 viser vektene for fordeling av energibruk og utslipp for konstruksjon, vedlikehold og drift av 

vei-infrastruktur. 

Tabell 12 Vekter for fordeling av energibruk og utslipp knyttet til konstruksjon,  vedlikehold og drift av vei-infrastruktur. 

 
Konstruksjon Vedlikehold Drift 

Passasjer 0,664 0,315 0,847 

Gods 0,336 0,685 0,153 

    Sum 1,000 1,000 1,000 

 

Passasjertransport  

 Tabell 13 viser vektene for kjøretøy til passasjertransport. 

Tabell 13 Vekter for fordeling av energibruk og utslipp for infrastruktur vei mellom kjøretøy for passasjertransport 

 
Konstruksjon Vedlikehold Drift 

Personbil, bensin og 
diesel 0,601 0,074 0,829 

Buss 0,063 0,241 0,018 

    Sum 0,664 0,315 0,847 

 

Verdier for parametre levetid og lengde for infrastruktur vei og jernbane  

Vei 

Levetid 

Levetidene som presenteres her gjelder for riksveier i Norge. Anslagsvis 80% 110 av  veitransport 

foregår på riksveinettet. 

Konstruksjon 

Jonsson 111 refererer til en gjennomsnittlig europeisk vei med levetid på 40 år. Veien har et 16-25 cm 

sterkt slitelag, 60 cm støttelag og 150-180 cm med fyllmasse. Jonsson refererer også til en 13 meter 

bred svensk vei med trafikkbelastning på 2000 kjøretøy om dagen og med levetid på 40 år. 

Samferdselsdepartementet 112 operer med tre forskjellige definisjoner av levetid. Disse er funksjonell 

levetid, teknisk levetid og økonomisk levetid. Funksjonell levetid er den tiden som veien kan brukes 

                                                           
110

 Eriksen, K.S., Hovi, I.B.: Transportmidlenes marginale kostnadsansvar, TØI-Rapport 1019/1995, 
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf , side 13. 
Rapporten "..forutsetter at 80 prosent av transporten foregår på riksveger." Noen ytterligere empirisk 
begrunnelse gis ikke.  Se også http://ansatte.hin.no/gbe/russland/dimensjonering.html hvor transportarbeidet 
på riksveier anslås til litt over 70%. 
111

 Jonsson, D.K.: Indirekt energi för svenska väg- och järnvägstransporter,Totalförsvarets Forskningsinstitut,   
http://www.infra.kth.se/fms/pdf/FOI-R--1557--SE_v.2.pdf,   side 21 
112

 http://www.regjeringen.no/pages/2176955/sp59.pdf 

http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf
http://ansatte.hin.no/gbe/russland/dimensjonering.html
http://www.infra.kth.se/fms/pdf/FOI-R--1557--SE_v.2.pdf
http://www.regjeringen.no/pages/2176955/sp59.pdf
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til sin tiltenkte funksjon uten at veiens linje, bredde eller bæreevne må endres. Denne anslås 

generelt til mellom 40 og 60 år.  

Teknisk levetid er den levetiden en vei kan ha uten at den ansees som teknisk uakseptabel i forhold 

til de tekniske parametre den er bygget etter. Broer har normalt en teknisk levetid på 100 år, mens 

elektroniske anlegg i tuneller har en forventet levetid på mellom 10 og 40 år.  

Samferdselsdepartementet opplyser at en vei dimensjoneres for en trafikkmengde i løpet av 20 år 

men at den faktiske tekniske levetiden forventes å være høyere enn dette. Med økonomisk levetid 

menes det tidspunkt hvor det er økonomisk mest gunstig å erstatte den. Det gis ikke noe generell 

økonomisk levetid for veier. 

For konstruksjon velger vi å bruke en levetid på 40 år for riksveier i Norge. 

Vedlikehold 

For tunneler angir Statens Vegvesen en levetid på utstyr på 15 år 113.  

For veifundament er levetiden avhengig av årsdøgntrafikken. Figur 1 viser sammenheng mellom ÅDT 

og levetiden for veifundamentet 114. 

Statens Vegvesen oppgir at den gjennomsnittlige ÅDT i tunneler i Norge er 4 400 115. En rapport fra 

SSB viser ÅDT pr fylke med et gjennomsnitt på 8 704 116 for alle fylker. Dette gir en levetid på 9 år i 

følge  Tabell 14. I en oversikt fra Statens Vegvesen vises utviklingen i levetid  på veidekke hvor 

levetiden i 2005 anslås til 14 år 117.  

Tabell 14 Sammenhengen mellom ÅDT og levetid for veifundament 
118

 

 ÅDT Levetid 

<300 14 

300<ÅDT<1500 13 

1500<ÅDT<5000 12 

5000<ÅDT<10000 9 

10000<ÅDT<15000 7 

ÅDT>15000 6 

 

                                                           
113

 http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net , side 8 
114 ibid , SINTEF-notat  NTP 2006-2015: Beregning av etterslep i vedlikehold Hp5 Vegfundament og Hp6 Vegdekker på 

riksvegnettet, Appendix, side 6. 
115

 http://www.vegvesen.no/Fag/Teknologi/Tunneler 
116

 Engelien, E, Haakonsen, G., Steinnes, M.: Støyplager i Norge. Resultater fra førstegenerasjons modell for 
beregning av antall støyutsatte, SSB 2004/43,  http://www.ssb.no/emner/01/notat_200443/notat_200443.pdf, 
side 23, tabell 6. 
117

  Slide 26, http://www.geir.be/Kurs/Valg_av_vegdekke.ppt      
118

 http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net, 
SINTEF-Notat:  NTP 2006-2015: Beregning av etterslep i vedlikehold Hp5 Vegfundament og Hp6 Vegdekker på 
riksvegnettet,  side 6 

http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
http://www.vegvesen.no/Fag/Teknologi/Tunneler
http://www.ssb.no/emner/01/notat_200443/notat_200443.pdf
http://www.geir.be/Kurs/Valg_av_vegdekke.ppt
http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
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For rekkverk antas en levetid på 30 år 119. Trafikkgjerder har en levetid på 4 år og vanlige gjerder en 

levetid på 20 år. Statens Vegvesen opererer med en vektet levetid på 11 år for alle typer gjerder 120. 

Signalanlegg gis en levetid på 15 år 121, mens skilt antas å ha en levetid på 15 år. 

Medianen i Tabell 14 gir en levetid på 10,5 år dersom vi gir hver kjøretøygruppe lik vekt 122.   Vi velger 

å  bruke 12 år som levetid for vedlikehold for norske riksveier. Vi antar mindre usikkerhet ved å velge 

det konservative estimatet for medianen. 

Drift  

Schlaupitz 123 oppgir at levetid for veilysanlegg, rekkverk og viltgjerder anslås til 40 år. For drift velger 

vi derfor en levetid lik konstruksjon på 40 år. 

Parkering 

Horvath & Chester 124 gir et estimat for levetid til ulike typer parkering. Parkeringshus antas å ha en 

levetid på 30 år. Parkeringsplasser langs vei gis en levetid på 10 år mens andre parkeringsplasser 

utenom vei og parkeringshus gis en levetid på 15 år. Disse tallene baseres på amerikanske forhold.  

Jonsson 125 oppgir at europeiske transportstudier generelt opererer med en levetid større enn 

amerikanske. Dette er avhengig av definisjon av konstruksjon og vedlikehold samt tykkelsen på 

slitelag og bærelag som er lavere for amerikanske enn for europeiske veier.  Vi velger en levetid for 

parkering lik den vi bruker for drift, det vil si 40 år. 

Veilengde 

For å fordele en mengde energi på ett år mellom passasjertransport og godstransport må vi definere 

en mengde km hvert år som energi og utslipp skal regnes ut i forhold til. Dette gir totalmengden for 

energien som skal fordeles mellom de to transportformene. 

Konstruksjon 

Levetiden for en vei har vi anslått til 40 år. Hele det norske veinettet er i 2008 på 93 247 km. En 

framgangsmåte er å anta at mengde ny vei i løpet av 40 år vil erstatte hele det norske veinettet. Pr år 

skal det dermed konstrueres 2331 km ny vei. Til sammenlikning er det bygd 23 641 km vei i Norge de 

siste 40 år. Dette gir 591 km vei pr år. Av denne summen er 21 637 km kommunal vei mens bare 

3 681 km riksvei eller 92 km år år er bygd de siste 40 år. Av fylkesveier er det fjernet 1 677 km de 

siste 40 år 126. 

                                                           
119

 ibid , side 21 
120

 ibid, side 23 
121

 ibid,  side 27 
122

 Medianen er gjennomsnittet av de to midterste verdier i en fordeling med partall antall observasjoner. 
123

 Schlaupitz, H.: Energi- og klimakonsekvenser av moderne transportsystem, Norges Naturvernforbund, 
Rapport 3/2008, http://naturvern.imaker.no/data/f/1/24/31/4_2401_0/Rapport_250908.pdf, side 57 
124 Chester, M., Horvath, A.: Environmental Life-cycle Assessment of Passenger Transportation: A Detailed 

Methodology for Energy, Greenhouse Gas, and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, 
Heavy Rail and Air,  UC Berkely Center for Future Urban Transport, March 2008, page 30, 
http://escholarship.org/uc/item/5670921q  
125

 Jonsson, D.K.: Indirekt energi för svenska väg og jarnvägtransporter. http://www.infra.kth.se/fms/pdf/FOI-R-
-1557--SE_v.2.pdf, side 21 
126

 http://www.ssb.no/magasinet/fire_hjul/tab-2001-01-18-02.html,  
http://www.ssb.no/nos_samferdsel/nos_d314/tab/4.1.html og 

http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
http://img5.custompublish.com/getfile.php/52785.505/Etterslep+2003.pdf?return=www.vegkapital.net
http://naturvern.imaker.no/data/f/1/24/31/4_2401_0/Rapport_250908.pdf
http://escholarship.org/uc/item/5670921q
http://www.infra.kth.se/fms/pdf/FOI-R--1557--SE_v.2.pdf
http://www.infra.kth.se/fms/pdf/FOI-R--1557--SE_v.2.pdf
http://www.ssb.no/magasinet/fire_hjul/tab-2001-01-18-02.html
http://www.ssb.no/nos_samferdsel/nos_d314/tab/4.1.html
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I statsbudsjettet for 2010 for Samferdselsdepartementet oppgis det 127 at i 2008 ble 129 km nye 

veistrekninger tatt i bruk. Samme sted 128 blir det opplyst at det i de siste seks år er åpnet 760 km ny 

vei. Av dette er 150 km firefeltsvei. Om vi antar at en km firefeltsvei er to km tofeltsvei kan vi anslå at 

det er bygd 910 km vei de siste seks år, hvilket gir om lag 150 km pr år og 6000 km over 40 år.  Disse 

tallene  omfatter bare riksveier. Vi begrunner dette med at anslagsvis 80% av veitransport foregår på 

riksveger. 

Vedlikehold 

Lengden på veinettet som vedlikeholdes hvert år er ikke identisk med lengden på ny vei. Regjeringen 

opplyser i statsbudsjettet for 2010 at det i 2008 ble brukt omlag 900 millioner kroner til vedlikehold 

av veidekke. Det opplyses at dette svarer til asfaltering av 1 400 km med vei 129. Det opplyses også  

samme sted 130 at bevilgningen i statsbudsjettet i 2010 på 20 millioner kroner tilsvarer 800 km ny 

asfalt.  Vi antar at dette er vedlikehold for riksveier siden kommunale veier og fylkesveier ikke 

finansieres over statsbudsjettet. 

I TØI-rapporten 131 opplyses det at dersom 75 prosent av riksveier med fast dekke i perioden 1985-93 

på 25 099 km skal reasfalteres hvert 15 år tilsvarer dette 1255 km hvert år. Dersom 800 km asfalteres 

hvert år vil 41% av samlet riksveilengde på 27 469 km i 2008 bli reasfaltert i løpet av 14 år som er 

levetiden vi har anslått for veidekke. Dersom vi bruker tallet på 1 400 km hvert år vil 71 % av 

riksveinettet bli reasfaltert i løpet av 14 år.  

På bakgrunn av disse tallene anslår vi at om lag 1200 km riksvei vil bli vedlikeholdt hvert år. 

Drift  

Jonsson opplyser at andel veier med belysning anslås til  til 5% av alle veier på bakgrunn av 

energiforbruket til veibelysning 132.   Schlaupitz anslår at  33% av antall veikilometer er belyst 133, hans 

tall gjelder for 2010.  Vi velger å bruke Jonssons tall siden dette er basert på empirisk observasjon. 

Dette gir om lag 1300 km med veibelysning av 26 469 km riksvei totalt. 

Schlaupitz anslår at riksveier brøytes for snø 20 ganger og saltes 50 ganger årlig 134 . Med 365 dager 

anslår vi dermed at det brøytes 5,5% av samlet tid veien er åpen og at det saltes 13,7% av tiden. Vi 

bruker disse prosentandelene for å beregne årsvirkningen på antall km vei som brøytes og saltes. Vi 

forutsetter videre at alle norske riksveier blir brøytet minst en gang i løpet av en vinter. Dette gir om 

lag 1505 km som vi anslår brøytes hver dag, mens vi får tilsvarende  3763 km som vi anslår saltes 

hver dag. Vi følger en TØI-rapport fra 1995 135 om fordeling av veikostnader og allokerer halve 

                                                                                                                                                                                     
http://statbank.ssb.no/statistikkbanken/selectvarval/Define.asp?MainTable=Kostra3FLSamferd&SubjectCode=
10&planguage=0&nvl=True&mt=1&nyTmpVar=true 
127

 http://www.regjeringen.no/pages/2251337/PDFS/PRP200920100001_SDDDDPDFS.pdf, side 44 
128

 Ibid., side 45 
129

 ibid. , side 45 
130

 ibid., side 54 
131

 Eriksen, K.S., Hovi, I.B.: Transportmidlenes marginale kostnadsansvar, TØI-Rapport 1019/1995, 
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf , side 15 
132

 Jonsson,  side 24. 
133

 Schlaupitz, side 54. 
134

 Schlaupitz, side 56 
135

 Eriksen, K.S., Hovi, I.B.: Transportmidlenes marginale kostnadsansvar,  TØI-Notat 1019/1995 
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf , side 19. 

http://www.regjeringen.no/pages/2251337/PDFS/PRP200920100001_SDDDDPDFS.pdf
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf
http://www.toi.no/getfile.php/Publikasjoner/T%D8I-notater/1995/1019-1995/1019-1995-el.pdf
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vintervedlikeholdet til drift og halvparten til vedlikehold. Dette gir 1882 km salting allokert til drift 

hvert år. 

Ut fra denne drøftingen anslår vi tallet tallet på km som driftes hvert år til 1500 km. 

En annen framgangsmåte kan være å bruke energibrukstall og beregne energibruk til drift som andel 

av samlet energibruk over hele levetiden. Vi referer til Simonsen 136 for en drøfting av disse 

energibrukstall.  Tabell 15  viser disse tallene regnet ut i km pr år og i km pr levetid. For omregning til 

levetid for drift og vedlikehold har vi brukt anslag på levetid pr aktivitet slik de er definert ovenfor. 

Tabell 15 Energibrukstall for ulike infrastruktur-aktiviteter vei 
137

. 

Aktivitet 
GJ/km/år 
    (A) 

 
Levetid 
   (B) 

GJ pr km 
levetid 
  (C=A*B)  

Konstruksjon   40 14000 

Parkering   40 370 

Drift 81 40 3240 

Vedlikehold 95 12 1140 

Sum 535,25  18750 

 

Ut fra kolonne C Tabell 15 anslår vi andelen energi pr km som brukes til drift hvert år til å være 17,3 

% mens andelen til parkering pr km er på 2%. Til sammen skal energibruk til konstruksjon og 

vedlikehold utgjøre om lag 80,7 % av total energibruk pr km pr levetid. Vi kan beregne total 

energibruk for konstruksjon og vedlikehold for hele levetiden ved å bruke tall for lengde i km og 

levetid slik de er drøftet ovenfor.  Ved å la denne summen utgjøre 80,7 % av den totale energibruk 

finner vi summen for alle aktivitetene inklusive drift og parkering pr levetid. Til slutt finner vi 

andelene for drift og parkering ved å bruke prosentsatsene ovenfor i forhold til den beregnede 

totalsum for hele levetiden. 

Dette gir følgende framgangsmåte: 

 

Likning 1 Sum energibruk for konstruksjon og vedlikehold pr levetid 

Ὓ ὑ ὠ   

hvor  K er energibruk til konstruksjon for hele levetiden, V er energibruk til vedlikehold for hele 

levetiden og S er summen av disse. Videre 

Likning 2 Beregnet sum energibruk for hele levetid 

Ὓᴂ
Ὓ

ρ Ὢ
 

                                                           
136

 Simonsen, M.: Indirect Energy Use, Upublisert VF-notat, januar 2010. 
137

 For konstruksjon og parkering er energibruken oppgitt i km pr levetid, for drift og vedlikehold er 
energibrukstall oppgitt i km pr år. 
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hvor S er sum energibruk til konstruksjon og vedlikehold for hele levetiden, f er andelen som disse to 

aktivitetene utgjør av totalen og S' er den korrigerte summen hvor vedlikehold og konstruksjon 

utgjør f andeler av totalen. Vi har definert f til 0,832 i følge diskusjonen ovenfor siden parkering og 

drift til sammen utgjør 16,5% av totalen. 

Vi kan deretter beregne energibruk til drift og parkering ved å bruke andelene ovenfor på denne 

måten: 

Likning 3 Energibruk til drift for hele levetiden 

Ὀ Ὠz Ὓᴂ  

Likning 4 Energibruk til parkering for hele levetiden 

ὖ ὴz Ὓᴂ  

hvor S' er samlet energibruk til alle infrastruktur-aktiviteter pr levetid, d er driftandel av samlet 

energi pr km over hele levetiden, D er energibruk til drift pr levetid. Videre er p andel til parkering av 

samlet energi pr km over hele levetid og P er energibruk til parkering pr levetid. Vi har som 

forutsetning   

Likning 5 Forutsetning  

Ὢ Ὠ ὴ 

Fordelen med den siste framgangsmåten er at vi slipper å gjøre en del skjønnsmessige forutsetninger 

som vi finner lite belegg for i empirisk materiale.  Når det gjelder energibruk for konstruksjon og 

vedlikehold har vi et bedre grunnlag i nasjonale transportplaner og statsbudsjett. Vi velger å benytte 

denne framgangsmåten. 

Jernbane 

Levetid 

Levetidene gjelder for hele jernbanenettet i Norge, både for dieseldrevne og elektrisk drevne tog. 

Konstruksjon 

Schlaupitz 138 bruker 100 års levetid for jernbane. Horvath & Chester bruker forskjellig levetid for 

deler av banekonstruksjonen, 25 år for ballast i banens underbygning, 50 år for betong som brukes i 

jernbanesviller, skinnegang 25 år, system for krafttilførsel 35 år. Vi velger å bruke 40 år som 

jernbanens levetid. Et planlagt fransk høyhastighetstog oppgir levetid for konstruksjon, drift og 

vedlikehold til 30 år 139. Jonsson 140 refererer til en levetid på 50 år for svensk jernbaneinfrastruktur. 

Jonsson refererer også til Botniabanen i Nord-Sverige. Her anslås levetid for tunneler til 100 år, broer 

gis en levetid på 70 år mens levetiden for jernbanestasjonshus anslås til 70 år. 
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 Schlaupitz, side 5 
139

 http://www.bilan-carbone-lgvrr.fr/userfiles/file/documents/Bilan_Carbone_GB.pdf, side 11 og 13 
140

 Jonsson, side 26 
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I Jernbanemagasinet nr 5, 2008 oppgis at en bane kan brukes i 40-50 år før det er nødvendig med 

fornyelse av sviller, skinnegang, kjøreledning, signalanlegg eller andre komponenter 141. 

Med teknisk levetid menes den forventede levetiden et objekt har før de tekniske krav objektet er 

laget etter ikke lenger er oppfylte. Jernbaneverket 142 anslår følgende tekniske levetider for ulike 

objekt: 

Tabell 16 Forventet teknisk levetid for ulike jernbaneobjekt 

Objekt Levetid (år) 

Underbygning 75 

Overbygning 40 

Elektroanlegg 40 

Stasjonsanlegg 40 

Signalanlegg 30 

Kontaktledningsanlegg 40 

 

Vi velger å bruke 40 år som  levetid for konstruksjon av jernbane. 

Vedlikehold 

Jernbaneverket anslår en økonomisk levetid for kjøreveien på 25 år 143. Det antas at med økonomisk 

levetid menes den tiden en investering varer før den må erstattes.  Vedlikeholdet i denne perioden 

vil således være å regne som normalt vedlikehold for å bevare investeringen  økonomisk drivverdig.  

Vi velger derfor å bruke en levetid på 25 år for vedlikeholdet.  

Drift  

I Tabell 14 ovenfor anslås forventet teknisk levetid for signalanlegg til 30 år. Tilsvarende tall for  

kontaktledning er 40 år, den samme tekniske levetid forventes for stasjonsanlegg og elektroanlegg. 

På bakgrunn av disse tallene setter vi  den forventede tekniske levetid for jernbanedrift til 40 år. 

Parkering 

Horvath & Chester anslår levetida til parkeringsplasser for jernbanen til 10 år 144. Med levetid menes 

hvor mange år det tar før hele asfaltdekke på parkeringsplassene må skiftes ut.  Vi bruker samme 

levetid for parkering som for drift.  

                                                           
141

 http://www.jernbaneverket.no/PageFiles/7075/Jernbanemagasinet%20nr%205%202009.pdf, side 9 
142

 Jernbaneverket, Metodehåndbok JD 205,  side 44, 
http://www.jernbaneverket.no/PageFiles/5135/Samfunns_konomiske_1620089a.pdf  
143

 Jernbaneverket, Metodehåndbok JD 205,  
http://www.jernbaneverket.no/PageFiles/5135/Samfunns_konomiske_1620089a.pdf , side 25 
144 Chester, M., Horvath, A.: Environmental Life-cycle Assessment of Passenger Transportation: A Detailed 

Methodology for Energy, Greenhouse Gas, and Criteria Pollutant Inventories of Automobiles, Buses, Light Rail, 
Heavy Rail and Air,  UC Berkely Center for Future Urban Transport, March 2008, side 64, 
http://escholarship.org/uc/item/5670921q  

http://www.jernbaneverket.no/PageFiles/7075/Jernbanemagasinet%20nr%205%202009.pdf
http://www.jernbaneverket.no/PageFiles/5135/Samfunns_konomiske_1620089a.pdf
http://www.jernbaneverket.no/PageFiles/5135/Samfunns_konomiske_1620089a.pdf
http://escholarship.org/uc/item/5670921q
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Jernbanelengde 

Konstruksjon 

I Nasjonal Transportplan for 2010-2019  145 oppgir at investeringer i jernbanenettet i neste 
planperiode vil gi 144 km ny bane. Av dette vil 116 km være dobbeltspor.   Vi velger å la 
dobbeltsporet jernbane telle dobbelt, slik at en jernbanekm er to jernbanekm med dobbelt spor.  
 
Samme sted 146 anslås det at i plan-perioden vil det bli bygget 45 km med krysningsspor. 
 
Medregnet krysningsspor får vi da om lag 35 km pr år med ny jernbane i planperioden 2010-2019.  Vi 
antar samme lineære vekst i en levetid på 40 år og anslår samlet ny jernbanelengde i løpet av 
levetida på 1400 km, inklusive krysningsspor.  
 

Vedlikehold 

I Jernbaneverkets årsrapport for 2008 er det oppgitt at det er foretatt ballastrensing på 25 spor-km  
147. Videre er det foretatt utskiftning av 25 000 sviller som tilsvarer 15 spor-km samt utskiftning av 14 

spor-km med skinner. Samme år er det skiftet ut 6 km med gjerder. Vi velger å legge sammen antall 

km for alle typer vedlikeholdstiltak og får 60 spor-km med vedlikehold pr år.  

Schlaupitz 148 foreslår at hver spor-km tilsvarer 1,3 bane-km fordi det er et visst antall km 

krysningsspor og forbikjøringsspor for hver bane-km. Vi får da omlag 80 bane-km med vedlikehold pr 

år. 

Over hele levetiden på 25 år  blir dette 2000 bane-km med vedlikehold. 

Drift  

For drift og parkering velger vi å bruke samme framgangsmåte som for vei. Vi bruker andelene disse 

aktivitetene utgjør av energibruk pr bane-km over hele levetiden til å skalere total energibruk pr 

levetid for konstruksjon og vedlikehold. Deretter finner vi energibruk for drift og parkering ved å 

bruke de same andeler av den skalerte summen. Formelverket for framgangsmåten er presentert 

ovenfor. 

Vi refererer til Simonsen (2010) for en drøfting av energibrukstall pr bane-km for jernbane 149. For å 

finne energibruk pr levetid for konstruksjon og vedlikehold for jernbane bruker vi tall for banelengde 

pr år og levetid som er drøftet ovenfor.  

For jernbanedrift utgjør energiandelen til drift pr bane-km 19,2% mens tilsvarende andel for 

parkering på jernbanestasjoner er 1,5%.   

Tabell 17 Energibrukstall pr bane-km for jernbane 

Aktivitet GJ/km/år  GJ pr km 

                                                           
145

 http://www.regjeringen.no/pages/2162529/PDFS/STM200820090016000DDDPDFS.pdf, side 15 
146

 ibid., side 15 
147

 Jernbaneverkets Årsrapport 2008, 
http://www.jernbaneverket.no/PageFiles/6905/Jernbaneverkets%20%C3%A5rsrapport%202008.pdf,  side 8-9 
148

 Schlaupitz, side 35 
149

 Simonsen, M.: Indirect Energy Use, Upublisert VF-notat, januar 2010. 
 

http://www.regjeringen.no/pages/2162529/PDFS/STM200820090016000DDDPDFS.pdf
http://www.jernbaneverket.no/PageFiles/6905/Jernbaneverkets%20%C3%A5rsrapport%202008.pdf
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Levetid 
   (B) 

levetid 
  (C=A*B)  

Konstruksjon   40 45000 

Parkering   40 950 

Drift 300 40 12000 

Vedlikehold 180 25 4500 

Sum 1628,75  62450 

 

Oppsummering  

Vi har brukt riksveier som utgangspunkt for beregning av lengde og levetid for konstruksjon og 

vedlikehold av veier. Vi har valgt denne tilnærmingen siden  anslagsvis 80% av all veitransport 

foregår på riksveier.   

Tabell 18 viser levetid og lengde i km pr år for aktivitetene konstruksjon, vedlikehold og drift for vei 

og jernbane. 

Tabell 18 Levetid og lengde i km for konstruksjon, vedlikehold og drift pr år for vei og jernbane 

Indikator  Vei Jernbane 

Levetid, år Konstruksjon 40 40 

 Vedlikehold 12 25 

 Drift 40 40 

Lengde, km pr  år Konstruksjon 150 35 

 Vedlikehold 1200 80 

Andel av energibruk Drift 0,151 0,184 

 Parkering 0,017 0,015 

 

Energibruk  

Tabell 19 viser energibruk for ulike aktiviteter for infrastruktur for vei og jernbane  150.  For 

konstruksjon og parkering er disse energibrukstall oppgitt pr km for hele levetiden.  For drift og 

vedlikehold er energibruken oppgitt pr km pr år. 

Tabell 19 Energibruk for ulike aktiviteter infrastruktur vei og jernbane   

Aktivitet Enhet Vei Jernbane 

Konstruksjon GJ/km 14000 45000 

Parkering GJ/km 370 950 

Drift GJ/km/år 81 300 

Vedlikehold GJ/km/år 95 180 

 

Vi må først regne om all energibruk til km pr levetid. Dette gjøres ved at energibruken for drift og 

vedlikehold multipliseres med levetiden slik den er fastlagt ovenfor.  Likning 6 viser hvordan dette er 

gjort for drift. Samme framgangsmåte benyttes for vedlikehold. 

Likning 6 Driftsenergi pr levetid  

                                                           
150

 Tallene er hentet fra Simonsen (2010) 
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ὈὶὭὪὸίὩὲὩὶὫὭ ὈὶὭὪὸίὩὲὩὶὫὭὈzὶὭὪὸ  

Denne energibruken må relateres til alle km som skal konstrueres, driftes og vedlikeholdes over hele 

perioden som vi har definert som veiens levetid.  Likning 7 viser omregning til energibruk for aktivitet 

i for hele levetiden.  

Likning 7 Energibruk pr levetid for aktivitet i 

ὉὲὩὶὫὭȟ ὉὲὩὶὫὭ ȟ ὒzὩὺὩὸὭὨ 

Tabell 21 og Tabell 22 viser utregning av energibruk for infrastruktur vei med de verdier for levetid og 

km som er definert for de ulike aktiviteter ovenfor. 

Tabell 20 Utregning av TJ pr levetid for konstruksjon og vedlikehold infrastruktur vei 

CO2-ekvivalenter    

GJ  pr km pr 
år 
      (A) 

 
Levetid 
    (B) 

GJ/km pr 
levetid 
      (C=A*B)) 

Km over 
hele levetid 
     (D) 

Totale TJ over 
hele levetid 
  (E=C*D)/1000 

Konstruksjon   14000 6 000 84 000 

Parkering   370   

Drift 81 40 3240    

Vedlikehold 95 12 1140 14 400 16 416 

 

  

 

  

Sum   18750  100 416 

 

  

 

  

Andel drift (d)   0,1728   

Andel parkering (p)   0,0197   

 

I Tabell 21 er summen fra Tabell 20 skalert med andelene for drift og parkering. Deretter er andelene 

for drift og parkering fra km pr levetid brukt til å beregne total energiforbruk for hele levetida for 

disse aktivitetene. 

Tabell 21 Total energibruk for hele levetida i TJ for ulike aktiviteter for infrastruktur vei  

Aktivitet. Energibruk i TJ. Vei 

Konstruksjon 84 000 

Parkering ¤ 2 454 

Drift § 21 489 

Vedlikehold 16 416 

Sum # 124 359 
# 124 359=100 416/(1-0,1728-0,0197) 151      § 21 489= 124 359*0,1728     ¤ 2 454=124 359*0,0197 

Vi gjør de samme beregninger for jernbane. Disse er vist i Tabell 22. Framgangsmåten er den samme 

som for infrastruktur vei. 

Tabell 22 Utregning av TJ pr levetid for konstruksjon og vedlikehold for  infrastruktur jernbane 

CO2-ekvivalenter    GJ  pr km pr  GJ/km pr Km over Totale TJ over 
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 Noen flere desimaler er brukt i utregningene. 



103 
 

år 
      (A) 

Levetid 
    (B) 

levetid 
      (C=A*B)) 

hele levetid 
     (D) 

hele levetid 
  (E=C*D)/1000 

Konstruksjon   45 000 1 400 63 000 

Parkering   950   

Drift 300 40 12 000    

Vedlikehold 180 25 4 500 2 000 9 000 

 

  

 

  

Sum   62 450  72 000 

 

  

 

  

Andel drift (d)   0,1922   

Andel parkering (p)   0,0152   

 

På amme måte som for vei er summen i  Tabell 22 korrigert for å ta høyde for drift og parkering. 

Deretter er energibruken for disse aktivitetene regnet ut på grunnlag av andelene i Tabell 22.  Tabell 

23 viser resultatet. 

Tabell 23 Total energibruk for hele levetida i TJ for ulike aktiviteter for infrastruktur jernbane 

Aktivitet. Energibruk i TJ. Jernbane 

Konstruksjon 63 000 

Parkering ¤ 1 382 

Drift § 17 455 

Vedlikehold 9 000 

Sum # 90 836 

90 836=72 000/(1-0,1922-0,015) 152      § 17 455= 90 836*0,1922     ¤ 1 382=90 836*0,0152 

Neste skritt er  å fordele denne mengde energi for transportarbeidet i ett år. Først finner vi 

energibruken pr år.  Likning 8 viser omregning til energibruk pr år for aktivitet i. 

Likning 8 Energibruk pr år for aktivitet i 

ὉὲὩὶὫὭBȟ

ὉὲὩὶὫὭȟ
ὒὩὺὩὸὭὨ

 

Denne omregningen gir oss  Tabell 24 . 

Tabell 24 Energibruk pr år i TJ for ulike aktiviteter for infrastruktur vei og jernbane 

pr år. TJ pr levetid Levetid TJ pr år 

Aktivitet. Energibruk i TJ 
pr år. 

Vei 
     (A) 

Jernbane 
     (B) 

    
     (C) 

 
   (D) 

Vei 
     (E=A/C) 

Jernbane 
      (F=B/D) 

Konstruksjon 84 000 63 000 40 40 2 100 1 575 

Parkering 2 454 1 382 40 40 61 35 

Drift 21 489 17 455 40 40 537 436 

Vedlikehold 16 416 9 000 12 25 1 368 360 

Sum 124 359 90 836   4 067 2 406 
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 Noen flere desimaler er brukt i utregningen. 
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Transportarbeidet for vei og jernbane for 2007 henter vi fra Statistisk Årbok 2009.  Vi får følgende tall 

for passasjertransport og godstransport: 

Tabell 25 Transportarbeid på vei og jernbane 2007. 

Transportarbeid. Vei Jernbane 153 

Total passasjer-km   59 044 000 000 2 910 000 000 

Total tonn-km   16 313 000 000 2 467 000 000 

 

Antall passasjerkm for vei er beregnet eksklusive transportarbeidet utført av motorsykler og 

mopeder. For disse kjøretøy har vi ikke beregnet personbilekvivalenter. Følgelig antar vi at 

belastningen for disse kjøretøy for infrastruktur vei er lik null 154. I 2007 ble det utført 1 531 millioner 

passasjerkm med motorsykler og mopeder. Dette tilsvarte 2,5% av det samlede 

persontransportarbeidet utført på vei. 

Neste skritt er å fordele energibruken for ett år på henholdsvis passasjer- og godstransport. For å 

gjøre dette trenger vi vekter for de ulike transportformer. For jernbane bruker vi energibruken for 

framdrift av passasjer- og godstransport slik den er oppgitt av SSB (2008) 155 . Tabell 26 viser 

resultatet. Denne tabellen forutsetter at energibruken for infrastruktur fordeler seg mellom 

passasjer- og godstransport proporsjonalt med framdriftsenergien. 

Tabell 26 Vekter for fordeling av energibruk på passasjer- og godstransport for jernbane. 

 
Togtype Tonn MWh Vekter 

Passasjer-
transport Elektrisk 

 
370 850 

 

 
Diesel  6740 80 654 

 

 
Sum passasjer  451 504 0,690 

Godstransport Elektrisk  116 750 
 

 
Diesel  7200 86 200 

 

 
Sum gods  202 950 0,310 

  

 

  

 
Sum  654 454 

  

Dieselforbruket for godstransport er bare oppgitt i tonn mens dieselforbruket for passasjertransport 

er oppgitt i MWh 156. Omregningen til MWh er gjort med antakelse om 43,1 MJ pr kg (SSB 2008, side 

15). 
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 Passasjertransportarbeidet eksklusive trikk og t-bane. 
154

 Simonsen, M.: Allokering av energibruk og utslipp  for konstruksjon, vedlikehold og drift av vei-infrastruktur 
mellom passasjer- og godstransport. Upublisert notat Vestlandsforsking, januar 2010. 
155

 Toutain, J.U,W., Taarneby, G.,Selvig, E.: Energiforbruk og utslipp fra innenlandsk transport, SSB-rapport 2008 
side 25 Tabell 2.20 og Tabell 2.21 og side 37 Tabell 2.42 og side 38 Tabell 2.43. 
156

 SSB (2008) tabell 2.21 side 25 oppgir 80,654 MWh. Dette tallet skal være 80 654 MWh. Til sammen ble det 
brukt 6740000 kg med diesel og hver kg har et energiinnhold på 43,1 (side 15). Dette gir 80 693 MWh. Desimal-
tegnet er derfor feil brukt i tabell 2.21 http://www.ssb.no/emner/01/03/10/rapp_200849/rapp_200849.pdf 

http://www.ssb.no/emner/01/03/10/rapp_200849/rapp_200849.pdf


105 
 

Vektene for jernbanetransport gjelder for alle typer aktiviteter for infrastruktur for jernbane. Når det 

gjelder vei bruker vi ulike vekter for ulike typer aktiviteter. 

Vektene for veitransport er vist i  Tabell 27. Vi henviser til Simonsen (2010) 157 for en drøfting av disse 

vektene.  

Tabell 27 Vekter for fordeling av energibruk på infrastruktur vei mellom passasjer- og godstransport 

Konstruksjon Passasjer 0,664 

 
Gods 0,336 

Drift Passasjer 0,847 

 
Gods 0,153 

Vedlikehold Passasjer 0,315 

 
Gods 0,685 

 

Vi kan nå beregne energibruk for ulike transportformers ved å bruke vektene for ulike aktiviteter slik 

de er definert i  Tabell 27.  Likning 9 viser utregning for persontransport for vei.  I  Likning 9 er wi vekt 

for aktivitet i og n er tallet på aktiviteter.  

Likning 9 Beregning av energibruk for persontransportarbeid vei. 

ὉὲὩὶὫὭ ὉὲὩὶὫὭύz 

Energi for godstransport kan beregnes på samme måte som for passasjertransport.  Tabell 28 og     

Tabell 29 viser resultatet. 

Tabell 28 Energibruk i TJ pr år for ulike aktiviteter for infrastruktur vei og jernbane. Passasjertransport.  

 

Totalt energiforbruk 
 TJ pr år 

 
Vekter 

Totalt energiforbruk  
TJ passasjer-transport 

Passasjertransport. 
TJ pr år 

  Vei 
   (A) 

Jernbane 
      (B) 

  Vei 
    (C) 

Jernbane 
    (D) 

Vei 
   (E=A*C) 

Jernbane 
     (F=B*D) 

Konstruksjon 2 100 1 575 0,664 0,690 1 395 1 087 

Parkering 61 35 1 1 61 35 

Drift  537 436 0,847 0,690 455 301 

Vedlikehold  1 368 360 0,315 0,690 431 248 

Total  4 067 2 406   2 343 1 671 
 

 

Tabell 29 Energibruk i TJ pr år for ulike aktiviteter for infrastruktur vei og jernbane. Godstransport. 

 
Totale TJ pr år 

Vekter Totalt energiforbruk  
TJ gods- transport 

Godstransport.    Vei Jernbane   Vei Jernbane Vei Jernbane 
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 Simonsen, M.: Allokering av energibruk og utslipp  for konstruksjon, vedlikehold og drift av vei-infrastruktur 
mellom passasjer- og godstransport. Upublisert notat Vestlandsforsking, januar 2010. 
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TJ pr år    (A)       (B)     (C)     (D)    (E=A*C)      (F=B*D) 

Konstruksjon 2 100 1 575 0,336 0,310 705 488 

Drift  537 436 0,153 0,310 82 135 

Vedlikehold  1 368 360 0,685 0,310 937 112 

Total § 4 067 2 406   1 723 735 
§ Totalsummen inkluderer parkering som er fordelt på passasjertransport. 

Tabell 30 og  Tabell 31 viser energibruken for passasjer- og godstransport fordelt på transportarbeidet 
for de ulike transportformer i 2007. 

Tabell 30 Energibruk i MJ pr passasjerkm for ulike aktiviteter for infrastruktur vei og jernbane. 

MJ pr passasjer-km Vei Jernbane 

Konstruksjon 0,024 0,373 

Parkering 0,001 0,012 

Drift 0,008 0,103 

Vedlikehold 0,007 0,085 

Total 0,040 0,574 

 

Tabell 31 Energibruk i MJ pr tonn-km for ulike aktiviteter for infrastruktur vei og jernbane. 

MJ pr tonn-km Vei Jernbane 

Konstruksjon 0,043 0,198 

Drift 0,005 0,055 

Vedlikehold 0,057 0,045 

Total 0,106 0,298 

 

Figur 2  viser energibruk pr passasjer-km for ulike aktiviteter for infrastruktur vei og jernbane.    
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Figur 3 viser samme energibruk i tonn-km.  

Figur 2 MJ pr passasjer-km for ulike aktiviteter for infrastruktur vei og jernbane  
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Figur 3 MJ pr tonn-km for ulike aktiviteter for infrastruktur vei og jernbane 

 

Energibruk passasjertransport  

Vi kan videre fordele energibruk for passasjertransport mellom personbiler og buss. Vi ser bort fra 

motorsykler og mopeder når det gjelder energibruk for infrastruktur vei. Grunnen er at vi ikke har 

datagrunnlag for å beregne personbilekvivalenter for disse kjøretøyene.   

Vi vil bruke vektene i  Tabell 32 for fordeling av energibruk mellom personbiler og buss. Vi henviser til 

Simonsen 158  for en diskusjon av vektene. All energibruk for parkering er fordelt på personbiler.  

Tabell 32 Vekter for fordeling av energibruk  på ulike kjøretøy for persontransport 

Aktivitet Personbil Buss Sum 

Konstruksjon 0,6013 0,0631 0,6644 

Drift 0,8290 0,0184 0,8474 

Parkering 1,0000 0,0000 1,0000 

Vedlikehold 0,0738 0,2415 0,3153 

 

Energibruken for kjøretøy til passasjertransport beregnes ved å multiplisere vektene i  Tabell 32  med 

total energibruk for all transport som er gjengitt i kolonne A i  Tabell 33. Dette gir kolonne B og C som 

viser energibruk i TJ for ett år for disse kjøretøyene.  I utregning av energibruk pr passasjerkm er det 

brukt 54 803 millioner passasjerkm for personbiler og 4 241 millioner passasjerkm for busser. Tallene 

gjelder for 2007. Kolonne D og E viser energibruken pr passasjerkm.   

Tabell 33 Energibruk i MJ pr passasjerkm for ulike kjøretøy 2007. 

 

Total 
energibruk 
TJ pr år 

Total energibruk TJ 
passasjertransport pr år MJ pr passasjerkm 

Aktivitet 
Personbil 
     (A) 

Personbil 
     (B) 

Buss 
   (C) 

Personbil 
    (D) 

Buss 
    (E) 
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 Simonsen, M.: Allokering av energibruk og utslipp  for konstruksjon, vedlikehold og drift av vei-infrastruktur 
mellom passasjer- og godstransport. Upublisert notat Vestlandsforsking, januar 2010. 
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Konstruksjon 2 100 1 263 132 0,023 0,031 

Parkering 61 61 0 0,001 0,000 

Drift 537 445 10 0,008 0,002 

Vedlikehold 1 368 101 330 0,002 0,078 

Total 4 067 1 871 473 0,034 0,111 

 

 Figur 4 viser energibruk MJ  pr passasjerkm for ulike kjøretøy for passasjertransport. Figuren viser at 

for konstruksjon og vedlikehold er energibelastningen på infrastruktur for busser større enn 

personbiler målt pr passasjerkm. 

Figur 4 Energibruk i MJ pr passasjerkm for ulike kjøretøy. 

 

Utslipp CO2-ekvivalenter  

Vi bruker samme framgangsmåte for utregning av utslipp av CO2-ekvivalenter pr tonn-km og 

passasjer-km som for energibruk. Vi normaliserer først samlede utslipp av CO2-ekvivalenter over hele 

levetiden til infrastrukturen. Deretter bruker vi levetiden for hver aktivitet (konstruksjon, drift og 

vedlikehold) til å finne utslipp for et år. Disse tallene bruker vi til å beregne utslipp i forhold til 

transportarbeidet. 

Når det gjelder drift bruker vi samme tilnærming som ovenfor.  Først beregner vi andel utslipp pr km 

pr levetid for drift-aktiviteten. Deretter finner vi sum utslipp for ett år for aktivitetene konstruksjon 

og vedlikehold. Denne summen skalerer vi opp ved å bruke drift-andelen. Vi kan dermed inkludere 

drift med den samme andelen som aktiviteten hadde for utslipp pr km pr levetid.  

Det er ikke beregnet utslipp av CO2-ekvivalenter for parkering. 

Likning 10 Beregning av skalert sum utslipp 

Ὓ
ὑ ὠ

ρ Ὠ
 

 Likning 10 viser sum for aktivitetene konstruksjon (K) og vedlikehold (V) skalert med andel d som er 

drift-aktiviteten sin andel av utslipp av CO2-ekvivalenter pr km pr levetid. Denne andelen er vist i  

Tabell 34 for vei. Tabell 35 viser samme utregninger for jernbane. 

Tabell 34 Utslipp av CO2-ekvivalenter i tonn pr km over hele levetid for ulike aktiviteter for infrastruktur for vei 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































