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Rv 2 Magnor-Rasta -0,304649055 0,044643121 

Rv3 Skjærodden – Rena -0,332743075 0,046425124 

Rv 2 Jømna - Helset -0,375814029 0,046480804 

E6 Lillehammer Otta -0,397861602 0,041749702 

Rv 110 Karlshus – Ørebekk -0,416019429 0,045681829 

Rv19-xfv118- Ferjekaia Moss -0,489700619 0,044629498 

Rv 111 Øra – Moum -0,552551284 0,043859335 

Rv 25 Hernes – Finstad -0,568416177 0,045491386 

Rv3 Kolomoen – Ommangsvollen -0,588463032 0,046458861 

Rv 4 Akershus grense _ Roa -0,602958881 0,045245437 

Rv25 Ringgata - Åker gård -0,632354011 0,044779253 

Rv19 xE6 - rv19-xfv118 -0,670144246 0,046093876 

Rv 25 Elverum – Hernes -0,703562903 0,044891879 

E16 Piperud - Kneppe -0,708000499 0,044547997 

E6 Otta – Dombås -0,720800842 0,045976705 

Rv3 Alvdal – Motrøa -0,728832181 0,045555672 

Rv25 Åker gård – Tønset -0,76061271 0,045389685 

Rv 2 Helset - Elverum -0,781527677 0,044220077 

E16 Olum-Roa -0,804129091 0,04499297 

Rv 2 Vingersnoret – Roverud -0,808684659 0,045268918 

Rv15 Dale – Dønfoss -0,836435244 0,045637294 

E6 Dombås - Sør Trøndelag -0,884408888 0,04545224 

Rv 2 Roverud – Jømna -0,888015544 0,045285455 

Rv3 Nordstumoen – Alvdal -0,898868779 0,045450616 

E136 Dombås – Bjorli -0,909381307 0,045712422 

Rv3 Rena – Nordstumoen -0,92129944 0,045045235 

E16 Øye – Hande -1,035153645 0,044935018 

Rv3 Motrøa – Ulsberg -1,098385353 0,045024425 

Rv 25 Finstad – Nybergsund -1,101035049 0,04501641 

Rv15 Strynfjellet (Dønfoss - S-o-F gr) -1,123787084 0,044800828 

E16 Vingersnoret Xrv2- Riksgrensen -1,134980127 0,044783937 

Rv 25 Nybergsund – Støa -1,154453981 0,044777864 

E16 Fagernes S- Bjørgo -1,970965972 0,049435237 
 

Table 9.7 - Results of the different projects listing them by descending order of the expected BC-

ratio, with their respective values of the standard deviations. 
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In the following figure the regression line for both this two parameter is plotted.  

 

Figure 9.3- Regression line relating standard deviation and BC-ratio (E) 

As it can be seen in this case the value of the R
2
 is almost the same as in the previous 

regression line, so this analysis concludes with the fact that there is no possibility of 

considering the regression models good enough to affirm that a linear dependency can 

be established between these two parameters. 

However, a deeper study of the BC-ratio in relation to its uncertainty is going to be 

detailed. For this purpose the S-curves of the 8 profitable projects analysed in this case 

study are to be included.  

  Projects BC-ratio (E) Bc- ratio (σ) 

P 1 E16 Kneppe - Gardermoen 3,316010329 0,054858034 

P 2 Rv 2 Rasta – Sundhjørnet 1,12998326 0,047123913 

P 3 Rv 111 Dondern – Kampenes 1,089600839 0,049458404 

P 4 Rv 21 Halden sentrum - X E6 Sving. 0,862698943 0,04130249 

P 5 Rv 4 Rotnes - Oppland grense 0,574507932 0,049046984 

P 6 Rv 111 Gatedalen – Dondern 0,27031995 0,044862109 

P 7 Rv15 Otta – Dale 0,144639463 0,050101976 

P 8 Rv 110 Ørebekk – Østsiden 0,063611204 0,044168227 
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The main aim of using these curves is to graphically understand how much uncertainty 

is linked to each of the projects. In this way the longer the S-curve the more uncertainty 

the project has. 

Figure 9.4 – S-curves of the profitable projects. 

It can be observed that despite the fact that the expected value of the BC-ratio of each of 

the projects are quite different, the shapes of all the S-curves are very similar, and they 

can practically be considered as parallel. The reason for this is that the standard 

deviations of the projects are very similar, which makes the values which correspond to 

100% (E+ 3 σ) and 0% (E- 3 σ) be equally separated in all cases. 

Finally, in order to finish analysing the BC-ratio of all these 8 projects, the “pRisk” 

programme, created by Vatn, J. (2013), has been used to run a Monte Carlo Simulation. 

It is important to highlight that this technique is used when the situation that is being 

analysed is too complex to be just analysed by using analytical methods.  The idea of 

Monte Carlo simulation is to generate stochastic variables. This can be done by 

inserting uniform distributed stochastic variables, that have been previously created for 

example in Excel, into a deterministic model, for example a MS Excel model, which is 

the one used in the present master thesis. (Vatn, J. 2013) 

In this case, the aim of using this simulation is to create a stochastic variable which can 

represent the expected value of the BC-ratio that a possible future project could have. 

In the following page, a figure with the results obtained after implementing the Monte 

Carlo Simulation in pRisk can be observed. It can be seen that in this case the stochastic 

variable created after running the simulation 3000 times is 1.129567 which is supposed 

to be the expected value of the BC-ratio for a future project. Moreover, other parameters 
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like the standard deviation, the lowest and the highest values of this ratio or the S-curve 

can be also obtained. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.5 – Implementation of the Monte Carlo Simulation. 

 

9.3 Ranking the projects 

This third part of the chapter aims to establish a method to rank the 44 projects that are 

being considered by taking into account the following 4 different parameters: 

 The NPV 

 The expected value of the BC-ratio (expected value)  

 The standard deviation (σ)  

 The difference between the limits of the confidence intervals (BC-ratio 

variation)  

Thus, the next considerations are taken into account: 

- The higher the NPV, the better. 

- The higher the expected value of the BC-ratio, the better. 
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- The lower the σ, the better. 

- The lower the BC-ratio variation, the better. 

- The profitable projects are always ranked in the first places even if the values of 

the variables considered to rank are lower in the profitable projects than the ones 

in non-profitable projects. This consideration has been taken into account by the 

author of the present thesis based on the fact that the profitability of the projects 

is the main aspect to consider when ranking projects. 

The ranking can be done in different ways: 

Projects NPV 

Rv 21 Halden sentrum - X E6 Svingenskogen 1440338 

Rv 4 Rotnes - Oppland grense 1261408 

E16 Kneppe - Gardermoen 832113 

Rv 111 Dondern – Kampenes 583916 

Rv 111 Gatedalen – Dondern 294416 

Rv 2 Rasta – Sundhjørnet 142431 

Rv 110 Ørebekk – Østsiden 140691 

Rv15 Otta – Dale 20091 

Rv3 Skjærodden – Rena -20482 

Rv 25 Elverum – Hernes -31832 

E16 Piperud - Kneppe -85176 

Rv 111 Moum - Gatedalen -106723 

Rv 2 Helset - Elverum -227888 

Rv 25 Hernes – Finstad -254007 

Rv3 Grundset - Gita bru -269626 

Rv 2 Jømna - Helset -308685 

Rv19 xE6 - rv19-xfv118 -406092 

E16 Olum-Roa -440752 

Rv25 Ringgata - Åker gård -547365 

Rv 2 Magnor-Rasta -547890 

Rv3 Kolomoen – Ommangsvollen -590964 

Rv 2 Vingersnoret – Roverud -614103 

Rv19-xfv118- Ferjekaia Moss -633511 

Rv3 Alvdal – Motrøa -794731 

Rv 4 Akershus grense _ Roa -954095 

Rv 111 Øra – Moum -1016659 

Rv 25 Nybergsund – Støa -1217897 

E6 Dombås - Sør Trøndelag -1274534 

Rv 110 Karlshus – Ørebekk -1384293 

E6 Otta – Dombås -1733792 

E16 Fagernes S- Bjørgo -2015157 

Rv3 Rena – Nordstumoen -2312211 
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E136 Dombås – Bjorli -2372253 

Rv 25 Finstad – Nybergsund -2469713 

E16 Øye – Hande -2570154 

E16 Vingersnoret Xrv2- Riksgrensen -2570646 

E6 Gardermoen Lillehammer -2634216 

Rv15 Dale – Dønfoss -2695932 

E6 Lillehammer Otta -2749460 

Rv25 Åker gård – Tønset -2868161 

Rv3 Nordstumoen – Alvdal -3261993 

Rv15 Strynfjellet (Dønfoss - S-o-F gr) -3499918 

Rv3 Motrøa – Ulsberg -4036955 

Rv 2 Roverud – Jømna -4261290 
Table 9.8 - Ranking of the projects considering the NPV 

 
Projects BC-ratio (E) 

E16 Kneppe - Gardermoen 3,316010329 

Rv 2 Rasta – Sundhjørnet 1,12998326 

Rv 111 Dondern – Kampenes 1,089600839 

Rv 21 Halden sentrum - X E6 Svingenskogen 0,862698943 

Rv 4 Rotnes - Oppland grense 0,574507932 

Rv 111 Gatedalen – Dondern 0,27031995 

Rv15 Otta – Dale 0,144639463 

Rv 110 Ørebekk – Østsiden 0,063611204 

Rv 111 Moum - Gatedalen -0,103138922 

E6 Gardermoen Lillehammer -0,124985641 

Rv3 Grundset - Gita bru -0,278905175 

Rv 2 Magnor-Rasta -0,304649055 

Rv3 Skjærodden – Rena -0,332743075 

Rv 2 Jømna - Helset -0,375814029 

E6 Lillehammer Otta -0,397861602 

Rv 110 Karlshus – Ørebekk -0,416019429 

Rv19-xfv118- Ferjekaia Moss -0,489700619 

Rv 111 Øra – Moum -0,552551284 

Rv 25 Hernes – Finstad -0,568416177 

Rv3 Kolomoen – Ommangsvollen -0,588463032 

Rv 4 Akershus grense _ Roa -0,602958881 

Rv25 Ringgata - Åker gård -0,632354011 

Rv19 xE6 - rv19-xfv118 -0,670144246 

Rv 25 Elverum – Hernes -0,703562903 

E16 Piperud - Kneppe -0,708000499 

E6 Otta – Dombås -0,720800842 
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Rv3 Alvdal – Motrøa -0,728832181 

Rv25 Åker gård – Tønset -0,76061271 

Rv 2 Helset - Elverum -0,781527677 

E16 Olum-Roa -0,804129091 

Rv 2 Vingersnoret – Roverud -0,808684659 

Rv15 Dale – Dønfoss -0,836435244 

E6 Dombås - Sør Trøndelag -0,884408888 

Rv 2 Roverud – Jømna -0,888015544 

Rv3 Nordstumoen – Alvdal -0,898868779 

E136 Dombås – Bjorli -0,909381307 

Rv3 Rena – Nordstumoen -0,92129944 

E16 Øye – Hande -1,035153645 

Rv3 Motrøa – Ulsberg -1,098385353 

Rv 25 Finstad – Nybergsund -1,101035049 

Rv15 Strynfjellet (Dønfoss - S-o-F gr) -1,123787084 

E16 Vingersnoret Xrv2- Riksgrensen -1,134980127 

Rv 25 Nybergsund – Støa -1,154453981 

E16 Fagernes S- Bjørgo -1,970965972 
Table 9.9 - Ranking of the projects considering the expected value of the BC-ratio 

Projects BC-ratio variation 

Rv 21 Halden sentrum - X E6 Svingenskogen 0,025599549 

Rv 110 Ørebekk – Østsiden 0,027375751 

Rv 111 Gatedalen – Dondern 0,027805823 

Rv 2 Rasta – Sundhjørnet 0,029207704 

Rv 4 Rotnes - Oppland grense 0,030399636 

Rv 111 Dondern – Kampenes 0,030654636 

Rv15 Otta – Dale 0,031053527 

E16 Kneppe - Gardermoen 0,034001362 

E6 Gardermoen Lillehammer 0,025368264 

E6 Lillehammer Otta 0,025876733 

Rv 111 Øra – Moum 0,027184297 

Rv 2 Helset - Elverum 0,027407888 

E16 Piperud - Kneppe 0,027611134 

Rv19-xfv118- Ferjekaia Moss 0,02766165 

Rv 2 Magnor-Rasta 0,027670093 

Rv 25 Nybergsund – Støa 0,027753607 

Rv25 Ringgata - Åker gård 0,027754468 

E16 Vingersnoret Xrv2- Riksgrensen 0,027757372 

Rv15 Strynfjellet (Dønfoss - S-o-F gr) 0,027767841 

Rv 25 Elverum – Hernes 0,027824275 

E16 Øye – Hande 0,027851013 
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E16 Olum-Roa 0,027886932 

Rv 25 Finstad – Nybergsund 0,02790146 

Rv3 Motrøa – Ulsberg 0,027906428 

Rv3 Rena – Nordstumoen 0,027919326 

Rv 4 Akershus grense _ Roa 0,028043412 

Rv 2 Vingersnoret – Roverud 0,028057966 

Rv 2 Roverud – Jømna 0,028068216 

Rv25 Åker gård – Tønset 0,028132818 

Rv3 Nordstumoen – Alvdal 0,028170584 

E6 Dombås - Sør Trøndelag 0,028171591 

Rv 25 Hernes – Finstad 0,028195853 

Rv3 Alvdal – Motrøa 0,028235698 

Rv15 Dale – Dønfoss 0,028286288 

Rv 110 Karlshus – Ørebekk 0,028313891 

E136 Dombås – Bjorli 0,028332852 

E6 Otta – Dombås 0,028496657 

Rv19 xE6 - rv19-xfv118 0,02856928 

Rv3 Skjærodden – Rena 0,02877459 

Rv3 Kolomoen – Ommangsvollen 0,028795501 

Rv 2 Jømna - Helset 0,028809101 

Rv 111 Moum - Gatedalen 0,02910606 

Rv3 Grundset - Gita bru 0,029514402 

E16 Fagernes S- Bjørgo 0,030640278 
Table 9.10 - Ranking of the projects considering the BC-ratio variation  

Projects σ 

Rv 2 Rasta – Sundhjørnet 5939,827893 

Rv15 Otta – Dale 6959,364896 

E16 Kneppe - Gardermoen 13765,96533 

Rv 111 Dondern – Kampenes 26504,70916 

Rv 111 Gatedalen – Dondern 48861,07298 
Rv 21 Halden sentrum - X E6 
Svingenskogen 68957,48122 

Rv 110 Ørebekk – Østsiden 97688,32603 

Rv 4 Rotnes - Oppland grense 107689,1272 

Rv 25 Elverum – Hernes 2031,088181 

Rv3 Skjærodden – Rena 2857,698478 

E16 Piperud - Kneppe 5359,346734 

Rv 2 Helset - Elverum 12894,26501 

Rv 25 Hernes – Finstad 20328,64458 

E16 Olum-Roa 24661,1416 

Rv19 xE6 - rv19-xfv118 27931,82858 

Rv 2 Vingersnoret – Roverud 34376,53698 
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Rv 2 Jømna - Helset 38178,26356 

Rv25 Ringgata - Åker gård 38760,87629 

Rv3 Grundset - Gita bru 46034,46697 

Rv3 Kolomoen – Ommangsvollen 46656,31159 

Rv 25 Nybergsund – Støa 47238,63108 

Rv 111 Moum - Gatedalen 48591,77707 

Rv3 Alvdal – Motrøa 49674,67904 

E16 Fagernes S- Bjørgo 50543,6249 

Rv19-xfv118- Ferjekaia Moss 57735,84327 

E6 Dombås - Sør Trøndelag 65501,85852 

Rv 4 Akershus grense _ Roa 71594,34322 

Rv 2 Magnor-Rasta 80287,52721 

Rv 111 Øra – Moum 80698,36896 

Rv 25 Finstad – Nybergsund 100975,5442 

E16 Vingersnoret Xrv2- Riksgrensen 101432,3032 

E6 Otta – Dombås 110590,9421 

E16 Øye – Hande 111567,8986 

Rv3 Rena – Nordstumoen 113051,2881 

E136 Dombås – Bjorli 119247,4798 

Rv15 Strynfjellet (Dønfoss - S-o-F gr) 139527,5202 

Rv15 Dale – Dønfoss 147094,5202 

Rv 110 Karlshus – Ørebekk 152005,006 

Rv3 Nordstumoen – Alvdal 164940,1937 

Rv3 Motrøa – Ulsberg 165480,6992 

Rv25 Åker gård – Tønset 171157,9649 

Rv 2 Roverud – Jømna 217309,7713 

E6 Lillehammer Otta 288515,2408 

E6 Gardermoen Lillehammer 862632,7517 
Table 9.11 - Ranking of the projects considering the standard deviation.  

Now, the proposed method for ranking consists in considering the four parameters all 

together. The present master thesis proposes to do this by giving numbers 

(punctuations) out of 44 to all the projects, where 1 represents the best value for each of 

the parameters and 44 represents the worst value for each of the parameter. Thus, for 

example, the project with the highest NPV will have the number 1 in which concerns 

the NPV parameter and the project with the highest standard deviation will have the 

number 44, which means that it is the worst project in relation to what the standard 

deviation concerns. 
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In this manner the following table is obtained. 

 

Table 9.12 – Punctuations of the projects in relation to the different parameters considered 

Moreover, this thesis goes further and gives different grades of importance to the 

different parameter by giving weight to each of them.  

As it can be understood the lower the total sum of the punctuations, the better, so the 

parameters must be weighted in accordance to that. That means that the lower the 

weight, the more importance is given to a specific parameter in order to consider a 

project as preferable. In this way the weights proposed to each of the parameter 

considered to rank the projects in the present master thesis are the following ones: 

Project NPV Bcratio (E) BCratio (variation) σ

Rv 21 Halden sentrum - X E6 Svingenskogen 1 4 1 6

Rv 4 Rotnes - Oppland grense 2 5 5 8

E16 Kneppe - Gardermoen 3 1 8 3

Rv 111 Dondern – Kampenes 4 3 6 4

Rv 111 Gatedalen – Dondern 5 6 3 5

Rv 2 Rasta – Sundhjørnet 6 2 4 1

Rv 110 Ørebekk – Østsiden 7 8 2 7

Rv15 Otta – Dale 8 7 7 2

Rv3 Skjærodden – Rena 9 10 39 10

Rv 25 Elverum – Hernes 10 9 20 9

E16 Piperud - Kneppe 11 11 13 11

Rv 111 Moum - Gatedalen 12 22 42 22

Rv 2 Helset - Elverum 13 12 12 12

Rv 25 Hernes – Finstad 14 13 32 13

Rv3 Grundset - Gita bru 15 19 43 19

Rv 2 Jømna - Helset 16 17 41 17

Rv19 xE6 - rv19-xfv118 17 15 38 15

E16 Olum-Roa 18 14 22 14

Rv25 Ringgata - Åker gård 19 18 17 18

Rv 2 Magnor-Rasta 20 28 15 28

Rv3 Kolomoen – Ommangsvollen 21 20 40 20

Rv 2 Vingersnoret – Roverud 22 16 27 16

Rv19-xfv118- Ferjekaia Moss 23 25 14 25

Rv3 Alvdal – Motrøa 24 23 33 23

Rv 4 Akershus grense _ Roa 25 27 26 27

Rv 111 Øra – Moum 26 29 11 29

Rv 25 Nybergsund – Støa 27 21 16 21

E6 Dombås - Sør trøndelag 28 26 31 26

Rv 110 Karlshus – Ørebekk 29 38 35 38

E6 Otta – Dombås 30 32 37 32

E16 Fagernes S- Bjørgo 31 24 44 24

Rv3 Rena – Nordstumoen 32 34 25 34

E136 Dombås – Bjorli 33 35 36 35

Rv 25 Finstad – Nybergsund 34 30 23 30

E16 Øye – Hande 35 33 21 33

E16 Vingersnoret Xrv2- Riksgrensen 36 31 18 31

E6 Gardermoen Lillehammer 37 44 9 44

Rv15 Dale – Dønfoss 38 37 34 37

E6 Lillehammer Otta 39 43 10 43

Rv25 Åker gård – Tønset 40 41 29 41

Rv3 Nordstumoen – Alvdal 41 39 30 39

Rv15 Strynfjellet (Dønfoss - S-o-F gr) 42 36 19 36

Rv3 Motrøa – Ulsberg 43 40 24 40

Rv 2 Roverud – Jømna 44 42 28 42
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 The NPV   0,1  

 The expected value of the BC-ratio (expected value)  0,2 

 The amplitude of the  confidence intervals (BC-ratio variation) 0,3 

 The standard deviation (σ) 0,4 

 

 

Table 9.13 – Weighted punctuations of the projects in relation to the different parameters 

considered. 

This way of weighting leads to the final ranking result. 

 

 

 

Project NPV Bcratio (E) BCratio (variation) σ Total

Rv 21 Halden sentrum - X E6 Svingenskogen 0,1 0,8 0,3 2,4 3,6

Rv 4 Rotnes - Oppland grense 0,2 1 1,5 3,2 5,9

E16 Kneppe - Gardermoen 0,3 0,2 2,4 1,2 4,1

Rv 111 Dondern – Kampenes 0,4 0,6 1,8 1,6 4,4

Rv 111 Gatedalen – Dondern 0,5 1,2 0,9 2 4,6

Rv 2 Rasta – Sundhjørnet 0,6 0,4 1,2 0,4 2,6

Rv 110 Ørebekk – Østsiden 0,7 1,6 0,6 2,8 5,7

Rv15 Otta – Dale 0,8 1,4 2,1 0,8 5,1

Rv3 Skjærodden – Rena 0,9 2 11,7 4 18,6

Rv 25 Elverum – Hernes 1 1,8 6 3,6 12,4

E16 Piperud - Kneppe 1,1 2,2 3,9 4,4 11,6

Rv 111 Moum - Gatedalen 1,2 4,4 12,6 8,8 27

Rv 2 Helset - Elverum 1,3 2,4 3,6 4,8 12,1

Rv 25 Hernes – Finstad 1,4 2,6 9,6 5,2 18,8

Rv3 Grundset - Gita bru 1,5 3,8 12,9 7,6 25,8

Rv 2 Jømna - Helset 1,6 3,4 12,3 6,8 24,1

Rv19 xE6 - rv19-xfv118 1,7 3 11,4 6 22,1

E16 Olum-Roa 1,8 2,8 6,6 5,6 16,8

Rv25 Ringgata - Åker gård 1,9 3,6 5,1 7,2 17,8

Rv 2 Magnor-Rasta 2 5,6 4,5 11,2 23,3

Rv3 Kolomoen – Ommangsvollen 2,1 4 12 8 26,1

Rv 2 Vingersnoret – Roverud 2,2 3,2 8,1 6,4 19,9

Rv19-xfv118- Ferjekaia Moss 2,3 5 4,2 10 21,5

Rv3 Alvdal – Motrøa 2,4 4,6 9,9 9,2 26,1

Rv 4 Akershus grense _ Roa 2,5 5,4 7,8 10,8 26,5

Rv 111 Øra – Moum 2,6 5,8 3,3 11,6 23,3

Rv 25 Nybergsund – Støa 2,7 4,2 4,8 8,4 20,1

E6 Dombås - Sør trøndelag 2,8 5,2 9,3 10,4 27,7

Rv 110 Karlshus – Ørebekk 2,9 7,6 10,5 15,2 36,2

E6 Otta – Dombås 3 6,4 11,1 12,8 33,3

E16 Fagernes S- Bjørgo 3,1 4,8 13,2 9,6 30,7

Rv3 Rena – Nordstumoen 3,2 6,8 7,5 13,6 31,1

E136 Dombås – Bjorli 3,3 7 10,8 14 35,1

Rv 25 Finstad – Nybergsund 3,4 6 6,9 12 28,3

E16 Øye – Hande 3,5 6,6 6,3 13,2 29,6

E16 Vingersnoret Xrv2- Riksgrensen 3,6 6,2 5,4 12,4 27,6

E6 Gardermoen Lillehammer 3,7 8,8 2,7 17,6 32,8

Rv15 Dale – Dønfoss 3,8 7,4 10,2 14,8 36,2

E6 Lillehammer Otta 3,9 8,6 3 17,2 32,7

Rv25 Åker gård – Tønset 4 8,2 8,7 16,4 37,3

Rv3 Nordstumoen – Alvdal 4,1 7,8 9 15,6 36,5

Rv15 Strynfjellet (Dønfoss - S-o-F gr) 4,2 7,2 5,7 14,4 31,5

Rv3 Motrøa – Ulsberg 4,3 8 7,2 16 35,5

Rv 2 Roverud – Jømna 4,4 8,4 8,4 16,8 38
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Table 9.14 – Final ranking result 

 

Project Total

Rv 2 Rasta – Sundhjørnet 3

E16 Kneppe - Gardermoen 5,3

Rv15 Otta – Dale 5,9

Rv 111 Dondern – Kampenes 6

Rv 21 Halden sentrum - X E6 Svingenskogen 6

Rv 111 Gatedalen – Dondern 6,6

Rv 110 Ørebekk – Østsiden 8,5

Rv 4 Rotnes - Oppland grense 9,1

Rv 25 Elverum – Hernes 16

E16 Piperud - Kneppe 16

Rv 2 Helset - Elverum 16,9

E16 Olum-Roa 22,4

Rv3 Skjærodden – Rena 22,6

Rv 25 Hernes – Finstad 24

Rv25 Ringgata - Åker gård 25

Rv 2 Vingersnoret – Roverud 26,3

Rv19 xE6 - rv19-xfv118 28,1

Rv 25 Nybergsund – Støa 28,5

Rv 2 Jømna - Helset 30,9

Rv19-xfv118- Ferjekaia Moss 31,5

Rv3 Grundset - Gita bru 33,4

Rv3 Kolomoen – Ommangsvollen 34,1

Rv 2 Magnor-Rasta 34,5

Rv 111 Øra – Moum 34,9

Rv3 Alvdal – Motrøa 35,3

Rv 111 Moum - Gatedalen 35,8

Rv 4 Akershus grense _ Roa 37,3

E6 Dombås - Sør trøndelag 38,1

E16 Vingersnoret Xrv2- Riksgrensen 40

Rv 25 Finstad – Nybergsund 40,3

E16 Fagernes S- Bjørgo 40,3

E16 Øye – Hande 42,8

Rv3 Rena – Nordstumoen 44,7

Rv15 Strynfjellet (Dønfoss - S-o-F gr) 45,9

E6 Otta – Dombås 46,1

E136 Dombås – Bjorli 49,1

E6 Lillehammer Otta 49,9

E6 Gardermoen Lillehammer 50,4

Rv15 Dale – Dønfoss 51

Rv 110 Karlshus – Ørebekk 51,4

Rv3 Motrøa – Ulsberg 51,5

Rv3 Nordstumoen – Alvdal 52,1

Rv25 Åker gård – Tønset 53,7

Rv 2 Roverud – Jømna 54,8
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The reasons to choose these specific weights for each of the parameters can be 

explained as follows. 

On the one hand, the author of the thesis has decided that the sum of all the weights is 1, 

which facilitates the process of comparing the weights between themselves. On the 

other hand the highest weight (0,4) is given to the standard deviation parameter due to 

the fact that it is considered to be the parameter which most affects the uncertainty of 

the project, making a project with higher standard deviation less preferable than others. 

For the same reason the following weight (0,3) is given to the difference between the 

limits in the confidence intervals which, as explained before, also expresses uncertainty. 

Finally the lowest weights, 0,2 and 0,1, are given to the BC-ratio and the NPV 

respectively. In this case the reason to choose 0,1 as the weight for the NPV was the fact 

that this parameter is considered as the main indicator to measure the profitability of a 

project, which should be the most important consideration when ranking projects.  

  



                                                             A framework for assessing uncertainties in 

                                                                                      benefit cost analyses in the Norwegian road sector. 

98 

 

10. Discussion 

In Norway the difficult orography and the low traffic levels have led during the last 

decades to the construction of many projects that in most cases are not profitable. For 

this reason, alongside with the fact that nowadays the government funds are in some 

cases limited, there is an increasing need to implement project management tools and 

techniques that can contribute to the overcoming of such difficulties.  

In relation to this, the NPRA, which usually undertakes many different projects within a 

portfolio at the same time, needs to apply different project management methods in 

order to compare different alternatives and decide upon the projects they are willing to 

undertake. Thus, the main considerations that the NPRA takes into account when 

comparing between different road projects are the different forms of evaluating projects 

in the transport sector: Impact assessment, socioeconomic assessment and the benefit 

cost analysis. These different approaches allow developing a systematic evaluation of 

all impacts (distributional, monetised and non-monetised impacts) that can accrue the 

society if a project is conducted, taking into account the different stakeholders these 

impacts are affecting to. 

In case of focusing in monetised impacts, the NPRA applies the benefit cost analysis, 

which is a common practice that enables a quantitative evaluation when considering a 

road project for investment. During this evaluation all the monetised impacts are 

considered with regards to their cost for the society. Aspects like the reduction of traffic 

accidents, the decrease of the travel time, the increase of security or the reduction of 

noise and pollution are included on such evaluation. It is in relation to the costs that are 

used when developing a BCA when the need for cost estimation arises. Cost estimation 

implies the development of an approximation of the monetary resources that are 

necessary to complete a project. (PMI 2008)  This approximation can be done by using 

different techniques, but in the specific case of Norway it is base in the so-called 

Estimation Method, which is applied for all investment projects above 5million 

Norwegian kroner. 

The Estimation Method consists of a workflow developed by an expert group, through 

which three different cost estimates are created during three different levels of the 

planning phases. Thus, the accuracy of the estimates will increase from the initial 

planning phase until the so-called area development planning level, due to a reduction 

of the uncertainty, which at the same time is the result of an increase in the available 

information during the project process. In other words it can be said that the Estimation 

Method can be considered as a dynamic process that evolves different phases of 

maturation, where the accuracy of the estimates will depend on the amount of 

uncertainty in each of the phases of the project. For these reason, the NPRA defines the 

final cost estimate that results after the application of the Estimation Method as the sum 

of a basic estimate calculated by using the three point estimation, and the expected 



                                                             A framework for assessing uncertainties in 

                                                                                      benefit cost analyses in the Norwegian road sector. 

99 

 

supplements, whose values are given by the guidelines included in the Handbook 217 

and are directly linked to the uncertainty that is present during the whole project.  

In relation to uncertainty, and how it is dealt in regards to costs estimation it must be 

also pointed out that, apart from the traditional method which consist of using the 

standard deviation (σ) as a parameter to show how much variation or dispersion from 

the average (expected value) exists, there is a method that also shows the magnitudes of 

the uncertainties. This method is called sensitivity analysis and consists in varying some 

of the variables that have been used in the benefit cost analysis by a certain percentage 

and see how sensitive the new result are with respect to those changes. In addition to 

this, Berntsen, S., and Sunde, T., (2006) have developed during the last years a new 

method that deeply examined both the systematic and unsystematic uncertainty factors 

with the aim of estimating different percentages of deviations that both systematic and 

unsystematic uncertainty factors can suffer during the life time of a projects, in order to 

calculate how large the provision for uncertainty has to be when projects in a portfolio 

are seen as a whole. 

Going deeper in what uncertainty concerns, it must be highlighted that nowadays there 

is a lack of a framework for ascertaining confidence intervals for BCA results in the 

Norwegian road sector. This framework alongside with a systematic method for ranking 

projects would help decision makers when choosing between many competing projects. 

The framework suggested in the master thesis, which have been tested in real projects, 

reveal that there is a need to consider uncertainty parameters when ranking projects. 

That means that it is not enough to consider the profitability of the project or the 

contribution to the society that the project can have per each Norwegian krone finance 

by the government; there are other parameters directly linked with uncertainties that can 

make a decision maker change his point of view due to the fact that in some cases the 

reduction of the uncertainty in a project can be preferable. For this reason, the method 

proposed in this thesis suggests to use parameters such as the expected NPV, the BC-

ratio, the standard deviation and the amplitude of the confidence intervals in order to 

rank projects. Besides, due to the fact that each parameter can have different grades of 

importance in which refers to ranking, the author has decided to give weights to these 

parameters. After this, the proposed method sums all the punctuations obtained by each 

of the projects in relation to these four parameters and gets the total result for each of 

the projects. Finally a table with all the projects, where a descending order of total 

punctuation is uses, establishes the final ranking.   
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11. Conclusions 

Every time a group of projects are being evaluated there are many different 

characteristics or factors that can make them differ from each other. Nevertheless, some 

conclusion that the author includes in this chapter of the thesis can be applied to all of 

them in what is referred to how a good evaluation should be done.   

First of all, the main idea that cannot be forgotten is that always different alternatives 

are being considered as possible solutions in a project, not only impacts that can be 

measured in monetary terms, which are the easiest to identify and evaluate, should be 

included, but also the non-monetised impacts which affect the landscape, the natural 

environment, the natural resources, the cultural heritage, the community life and 

outdoor recreation must be considered. Moreover, it is not enough with evaluating the 

impacts themselves; nowadays it is also necessary to take into account the needs and 

requirements of the different stakeholders which constitute and important part of the 

project.  

Another important conclusion in relation to this thesis is related to the procedures 

implemented in Norway when developing a BCA. As a rule, not only special attention 

should be given to the challenge of getting a good understanding of the way of 

discounting costs and the way of applying the discount rate, but also to the limitations 

that the methods have.  One of these limitations is related to the fact that all the 

estimations that are used when implementing a BCA include a relevant amount of 

uncertainty. In relation to this, it can be said that the methodologies that the NPRA 

follows when implementing a BCA are succinct and of an international standard but 

they present some drawbacks in relation of the treatment of uncertainties. The NPRA 

deals with uncertainties every time a cost estimate is created during the so-called 

Estimation Method, but it is later, when using those estimations in the BCA, where 

those uncertainties are not properly considered as important factors. 

In relation to those relevant uncertainty factors the final conclusion of the present 

master thesis can be drawn. In most of the cases, when there are many competing 

projects for limited government funds, a suitable treatment and consideration of the 

uncertainty when analyzing the results of a BCA can make projects with lower values of 

profitability but with smaller expected variation during the whole project process life 

time be preferable in comparison with others. Thus, the addition of uncertainty 

parameters when ranking projects can be considered as a way of influencing decision 

makers, who will have now all the relevant information necessary to choose between 

different project alternatives.  
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12. Recommendations and future research 

The main recommendations that the present thesis can suggest are obviously influence 

by the author´s perspective and interpretation. However they can be considered as valid 

and could be applied during the planning and other project phases. In relation to this, it 

must be highlighted that in some special cases, due to the existence of very specific 

reasons, as for example when a project of force majeure has to be implemented, some of 

these recommendations could be difficult to apply due to the lack of time for planning 

or the necessity of undertaking actions whose costs are higher than normal. 

In relation to the way projects can be evaluated, the recommendation is to apply 

different approaches that allow assessing all impacts that will accrue to the society in 

case a project is implemented.  For this purpose it is recommended to clear distinguish 

between the three methods explained in this thesis, whose application will lead to a 

success evaluation. Moreover, the application of the emergent stakeholder value 

approach, which focuses on creating value by satisfying not only the technical 

requirements of the project, but also the stakeholders´ requirements, can also contribute 

the same objective. Regarding to this value model, more investigations and studies 

should be conducted with the main aim of identifying how it would be possible to link 

what is valuable for the stakeholders and what is valuable for the company, with the 

goal of avoiding conflicts of interest between both parts. 

Another recommendation that can be drawn concerns the amount of uncertainty all 

projects have. In this case it could be said that the sooner new information that can help 

to get more accuracy results can be got, the better due to the fact that, as it is known, the 

potential to reduce uncertainty by acquiring more information is larger during the front-

end phase and decreases substantially when the project is implemented. Also in relation 

to this uncertainty, the recommendation is to follow the whole project process by 

controlling how this uncertainty evolves. Thus, by not only identifying the uncertainties 

but also following them along the whole project process, the possibility of decreasing 

the uncertainty can increase. Furthermore, these uncertainties can be directly link to 

possible risks in projects.  For that reason, the author suggests, as part of other future 

researches, to investigate how the implementation of risk management tools, which can 

be considered as a form of proactive management, can make the project turn to be more 

predictable with the consequent reduction of uncertainty. 

Finally, the last recommendation is referred to the fact that in case of limited funds, 

when there is a need of choosing between different projects to undertake, uncertainty 

parameters must be used to rank those projects, with the main aim of allowing decisions 

makers to choose those projects where the uncertainty can be considered as a minor 

problem. According to this, apart from the proposal suggest in this master thesis, future 

investigations can research about other ways of considering economical, uncertainty and 

risk parameters all together in order to contribute to the improvement of the methods 

that nowadays are use in Norway in what respect the analysis of the BCA results.  
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Appendix 1: Data given by the consulting companies 

In this appendix, all data related to E6 Dombås - Sør Trøndelag project given by the consulting companies is included. It can be seen that 5 

tables are given in total, 2 with the costs and benefits of Alternative 0 with and without considering negative signs for the costs, 2 with the 

costs and benefits of Alternative 1 with and without considering negative signs for the costs and the last table which includes a subtraction of 

both the alternatives after considering costs as negative values.  

Table A1.1 – Estimations for the Alternative 0, without considering negative signs for the costs. 

År Kjøretøykostnader Direkteutgifter Tidskostnader Operatørkostnader Operatørinntekter Operatøroverføringer Drift_vedlikehold Offentlige_overføringer Skatte_avgiftsinntekter Ulykker Støy_luft Skattekostnad Investeringer

2022 116064,3 2927,71 196749,4 4518,071 2710,843 1807,228 7039,097 -1807,228 31243,1 29682,51 8328,269 4479,356 0

2023 112993,8 2869,688 194142 4428,531 2657,118 1771,412 6771,526 -1771,412 30273,04 28848,77 8866,737 4346,022 0

2024 110006,4 2812,798 191577,7 4340,738 2604,443 1736,295 6514,168 -1736,295 29332,24 28045,21 9364,977 4216,356 0

2025 107099,6 2757,019 189055,7 4254,659 2552,795 1701,864 6266,632 -1701,864 28419,79 27265,11 9824,818 4090,26 0

2026 104147,2 2698,84 186575,3 4164,877 2498,926 1665,951 6028,542 -1665,951 27478,41 26502,72 10215,21 3956,785 0

2027 101273,5 2641,851 184135,8 4076,93 2446,158 1630,772 5799,538 -1630,772 26565,55 25768,45 10567,36 3827,048 0

2028 98476,33 2586,027 181736,4 3990,782 2394,469 1596,313 5579,271 -1596,313 25680,33 25056,37 10883,08 3700,951 0

2029 95753,58 2531,345 179376,6 3906,397 2343,838 1562,559 5367,408 -1562,559 24821,95 24361,13 11164,11 3578,398 0

2030 93103,15 2477,784 177055,6 3823,74 2294,244 1529,496 5171,074 -1529,496 23989,6 23685,38 11412,11 3457,807 0

2031 86367,02 2419,022 174186,2 3733,059 2239,835 1493,224 4974,181 -1493,224 23230,03 22972,87 11090,32 3352,526 0

2032 83760,09 2361,654 171368,4 3644,527 2186,716 1457,811 4784,804 -1457,811 22494,93 22281,64 10778,18 3250,463 0

2033 81233,65 2305,645 168601,1 3558,094 2134,856 1423,238 4602,656 -1423,238 21783,5 21612,56 10475,4 3151,522 0

2034 78785,15 2250,964 165883,6 3473,709 2084,226 1389,484 4427,46 -1389,484 21094,98 20966,31 10181,68 3055,607 0

2035 76412,13 2197,578 163214,8 3391,325 2034,795 1356,53 4258,952 -1356,53 20428,61 20337,64 9896,743 2962,625 0

2036 74237,97 2146,872 160593,7 3313,074 1987,844 1325,23 4096,875 -1325,23 19844,18 19727,3 9654,502 2884,415 0

2037 72127,51 2097,336 158019,6 3236,629 1941,977 1294,652 3940,983 -1294,652 19277,06 19136,13 9418,739 2808,285 0

2038 70078,82 2048,943 155491,4 3161,948 1897,169 1264,779 3791,04 -1264,779 18726,72 18564,79 9189,271 2734,181 0

2039 68090,06 2001,666 153008,5 3088,99 1853,394 1235,596 3646,818 -1235,596 18192,65 18008,66 8965,92 2662,048 0

2040 66159,42 1955,48 150569,8 3017,716 1810,63 1207,087 3508,099 -1207,087 17674,36 17473,41 8748,511 2591,835 0

2041 64245,23 1902,84 148055 2936,481 1761,889 1174,592 3374,629 -1174,592 17166,75 16950,84 8521,698 2523,507 0

2042 62386,64 1851,616 145584,9 2857,432 1714,459 1142,973 3246,25 -1142,973 16673,78 16442,56 8301,003 2456,913 0

2043 60582,04 1801,772 143158,6 2780,512 1668,307 1112,205 3122,768 -1112,205 16195,02 15949,13 8086,254 2392,011 0

2044 58829,85 1753,269 140775,4 2705,662 1623,397 1082,265 3003,993 -1082,265 15730,06 15471,05 7877,289 2328,762 0

2045 57128,55 1706,072 138434,4 2632,827 1579,696 1053,131 2889,748 -1053,131 15278,51 15008,51 7673,948 2267,126 0

2046 55476,65 1660,146 136134,9 2561,953 1537,172 1024,781 2781,419 -1024,781 14839,96 14558,1 7476,076 2206,753 0

2047 53872,71 1615,456 133876 2492,987 1495,792 997,1949 2675,667 -997,1949 14414,05 14124,01 7283,523 2148,238 0

2048 52315,34 1571,969 131657 2425,878 1455,527 970,3512 2573,945 -970,3512 14000,42 13702,78 7096,142 2091,224 0

2049 50803,18 1529,653 129477,1 2360,575 1416,345 944,23 2476,101 -944,23 13598,69 13294,98 6913,79 2035,673 0

2050 49334,89 1488,476 127335,6 2297,03 1378,218 918,8121 2381,986 -918,8121 13208,54 12897,42 6736,329 1981,549 0

2051 47885,9 1446,976 125185,7 2232,988 1339,792 893,195 2291,427 -893,195 12822,64 12511,07 6558,411 1927,603 0

2052 46479,55 1406,633 123074,1 2170,73 1302,438 868,2922 2204,32 -868,2922 12448,03 12133,9 6385,38 1875,084 0

2053 45114,6 1367,415 121000,2 2110,209 1266,125 844,0836 2120,532 -844,0836 12084,38 11769,27 6217,098 1823,954 0

2054 43789,81 1329,291 118963,2 2051,375 1230,825 820,5499 2039,937 -820,5499 11731,38 11417,34 6053,433 1774,18 0

2055 42504,01 1292,229 116962,5 1994,181 1196,509 797,6725 1962,413 -797,6725 11388,71 11075,5 5894,255 1725,726 0

2056 41256,05 1256,202 114997,3 1938,583 1163,15 775,433 1887,843 -775,433 11056,07 10744,19 5739,438 1678,559 0

2057 40044,8 1221,178 113067 1884,534 1130,72 753,8135 1816,114 -753,8135 10733,16 10423,43 5588,859 1632,647 0

2058 38869,18 1187,131 111170,9 1831,992 1099,195 732,7969 1747,117 -732,7969 10419,7 10111,19 5442,4 1587,958 0

2059 37728,16 1154,033 109308,3 1780,915 1068,549 712,3661 1680,749 -712,3661 10115,42 9809,995 5299,946 1544,46 0

2060 36620,7 1121,858 107478,8 1731,263 1038,758 692,5051 1616,909 -692,5051 9820,029 9517,736 5161,383 1502,124 0

2061 35545,81 1090,581 105681,6 1682,995 1009,797 673,1978 1610,637 -673,1978 9533,285 9232,636 5026,604 1449,891 0
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Table A1.2 – Estimations for the Alternative 1, without considering negative signs for the costs   

År Kjøretøykostnader Direkteutgifter Tidskostnader Operatørkostnader Operatørinntekter Operatøroverføringer Drift_vedlikehold Offentlige_overføringer Skatte_avgiftsinntekter Ulykker Støy_luft Skattekostnad Investeringer

2022 118560,4 2913,668 184818,5 4496,402 2697,841 1798,561 7299,209 -1798,561 32374,4 22445,64 8771,277 -287927,2 1462912

2023 115429,9 2855,433 182371,5 4406,533 2643,919 1762,613 7021,634 -1762,613 31371,27 21822,4 9338,609 4517,406 0

2024 112383,8 2798,342 179964,9 4318,429 2591,057 1727,371 6754,657 -1727,371 30398,3 21221,48 9863,709 4383,255 0

2025 109419,7 2742,372 177598 4232,055 2539,233 1692,822 6497,871 -1692,822 29454,57 20637,95 10348,49 4252,777 0

2026 106403,5 2683,8 175270,1 4141,667 2485 1656,667 6250,888 -1656,667 28479,23 20067,63 10759,94 4114,336 0

2027 103467,4 2626,436 172980,5 4053,141 2431,885 1621,256 6013,332 -1621,256 27533,35 19518,1 11131,17 3979,754 0

2028 100609,3 2570,254 170728,7 3966,441 2379,865 1586,577 5784,842 -1586,577 26616,06 18985,04 11464,11 3848,93 0

2029 97827,09 2515,232 168514 3881,53 2328,918 1552,612 5565,072 -1552,612 25726,52 18464,53 11760,55 3721,767 0

2030 95118,54 2461,345 166335,7 3798,372 2279,023 1519,349 5362,665 -1519,349 24863,88 17958,5 12022,27 3596,375 0

2031 88120,69 2402,86 163641,3 3708,118 2224,871 1483,247 5158,402 -1483,247 24078,94 17423,84 11684,52 3487,459 0

2032 85462,85 2345,764 160995,3 3620,006 2172,004 1448,003 4961,94 -1448,003 23319,23 16905,04 11356,88 3381,858 0

2033 82887 2290,024 158396,9 3533,987 2120,392 1413,595 4772,979 -1413,595 22583,92 16402,73 11039,03 3279,47 0

2034 80390,55 2235,607 155845,1 3450,01 2070,006 1380,004 4591,233 -1380,004 21872,23 15917,38 10730,65 3180,199 0

2035 77971,03 2182,482 153339 3368,028 2020,817 1347,211 4416,426 -1347,211 21183,37 15445,17 10431,46 3083,948 0

2036 75756,88 2132,118 150877,8 3290,306 1974,184 1316,122 4248,292 -1316,122 20579,62 14986,62 10176,91 3003,041 0

2037 73607,49 2082,917 148460,7 3214,378 1928,627 1285,751 4086,577 -1285,751 19993,69 14542,36 9929,145 2924,273 0

2038 71520,91 2034,851 146086,7 3140,202 1884,121 1256,081 3931,034 -1256,081 19425,04 14112,85 9687,976 2847,585 0

2039 69495,27 1987,894 143755,1 3067,738 1840,642 1227,095 3781,427 -1227,095 18873,14 13694,72 9453,215 2772,925 0

2040 67528,72 1942,021 141465 2996,945 1798,167 1198,778 3637,531 -1198,778 18337,5 13292,1 9224,681 2700,238 0

2041 65576,82 1889,738 139102,5 2916,262 1749,757 1166,505 3499,083 -1166,505 17811,65 12898,87 8985,747 2629,213 0

2042 63681,57 1838,863 136781,9 2837,751 1702,651 1135,101 3365,917 -1135,101 17300,94 12516,32 8753,252 2559,985 0

2043 61841,32 1789,358 134502,5 2761,354 1656,813 1104,542 3237,832 -1104,542 16804,93 12144,85 8527,017 2492,512 0

2044 60054,47 1741,185 132263,5 2687,014 1612,208 1074,806 3114,632 -1074,806 16323,2 11784,84 8306,871 2426,753 0

2045 58319,46 1694,309 130064,3 2614,675 1568,805 1045,87 2996,132 -1045,87 15855,33 11436,4 8092,646 2362,667 0

2046 56634,79 1648,696 127903,9 2544,283 1526,57 1017,713 2884,012 -1017,713 15400,93 11097,06 7884,179 2299,841 0

2047 54998,97 1604,31 125781,7 2475,787 1485,472 990,3148 2774,314 -990,3148 14959,6 10769,87 7681,311 2238,994 0

2048 53410,61 1561,119 123697 2409,135 1445,481 963,6539 2668,798 -963,6539 14530,96 10452,3 7483,888 2179,702 0

2049 51868,3 1519,091 121649,1 2344,277 1406,566 937,7107 2567,306 -937,7107 14114,65 10144,74 7291,76 2121,928 0

2050 50370,71 1478,195 119637,3 2281,165 1368,699 912,4659 2469,684 -912,4659 13710,32 9844,871 7104,783 2065,635 0

2051 48892,39 1436,978 117617,3 2217,559 1330,535 887,0236 2375,751 -887,0236 13310,22 9553,289 6917,286 2009,49 0

2052 47457,55 1396,911 115633,4 2155,727 1293,436 862,2907 2285,401 -862,2907 12921,82 9268,606 6734,937 1954,825 0

2053 46064,91 1357,961 113684,8 2095,618 1257,371 838,2474 2198,494 -838,2474 12544,77 8993,282 6557,589 1901,606 0

2054 44713,21 1320,097 111771 2037,186 1222,312 814,8745 2114,901 -814,8745 12178,74 8727,446 6385,104 1849,794 0

2055 43401,27 1283,288 109891,2 1980,383 1188,23 792,1533 2034,494 -792,1533 11823,42 8469,172 6217,346 1799,354 0

2056 42127,91 1247,506 108044,8 1925,164 1155,099 770,0656 1957,151 -770,0656 11478,48 8218,78 6054,181 1750,253 0

2057 40891,98 1212,722 106231,1 1871,485 1122,891 748,5939 1882,756 -748,5939 11143,62 7976,279 5895,48 1702,455 0

2058 39692,39 1178,908 104449,6 1819,302 1091,581 727,7208 1811,197 -727,7208 10818,55 7740,173 5741,119 1655,928 0

2059 38528,06 1146,036 102699,7 1768,574 1061,145 707,4297 1742,364 -707,4297 10502,99 7512,321 5590,976 1610,639 0

2060 37397,96 1114,081 100980,8 1719,261 1031,557 687,7045 1676,154 -687,7045 10196,64 7291,17 5444,932 1566,557 0

2061 36301,08 1083,017 99292,2 1671,323 1002,794 668,5292 1675,792 -668,5292 9899,245 7075,399 5302,873 1510,985 0
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Table A1.3 – Estimations for the Alternative 0, considering negative signs for the costs. 

 

År Kjøretøykostnader Direkteutgifter Tidskostnader Operatørkostnader Operatørinntekter Operatøroverføringer Drift_vedlikehold Offentlige_overføringer Skatte_avgiftsinntekter Ulykker Støy_luft Skattekostnad Investeringer NN

2022 -116064,3 -2928 -196749,4 -4518 2711 1807 -7039 -1807 31243 -29683 -8328 4479 0 -324854,058

2023 -112993,8 -2870 -194142 -4429 2657 1771 -6772 -1771 30273 -28849 -8867 4346 0 -321644,872

2024 -110006,4 -2813 -191577,7 -4341 2604 1736 -6514 -1736 29332 -28045 -9365 4216 0 -316508,952

2025 -107099,6 -2757 -189055,7 -4255 2553 1702 -6267 -1702 28420 -27265 -9825 4090 0 -311460,693

2026 -104147,2 -2699 -186575,3 -4165 2499 1666 -6029 -1666 27478 -26503 -10215 3957 0 -306398,568

2027 -101273,5 -2642 -184135,8 -4077 2446 1631 -5800 -1631 26566 -25768 -10567 3827 0 -301424,673

2028 -98476,33 -2586 -181736,4 -3991 2394 1596 -5579 -1596 25680 -25056 -10883 3701 0 -296532,51

2029 -95753,58 -2531 -179376,6 -3906 2344 1563 -5367 -1563 24822 -24361 -11164 3578 0 -291716,384

2030 -93103,15 -2478 -177055,6 -3824 2294 1529 -5171 -1529 23990 -23685 -11412 3458 0 -286987,187

2031 -86367,02 -2419 -174186,2 -3733 2240 1493 -4974 -1493 23230 -22973 -11090 3353 0 -276920,281

2032 -83760,09 -2362 -171368,4 -3645 2187 1458 -4785 -1458 22495 -22282 -10778 3250 0 -271047,186

2033 -81233,65 -2306 -168601,1 -3558 2135 1423 -4603 -1423 21784 -21613 -10475 3152 0 -265319,227

2034 -78785,15 -2251 -165883,6 -3474 2084 1389 -4427 -1389 21095 -20966 -10182 3056 0 -259734,06

2035 -76412,13 -2198 -163214,8 -3391 2035 1357 -4259 -1357 20429 -20338 -9897 2963 0 -254283,138

2036 -74237,97 -2147 -160593,7 -3313 1988 1325 -4097 -1325 19844 -19727 -9655 2884 0 -249053,854

2037 -72127,51 -2097 -158019,6 -3237 1942 1295 -3941 -1295 19277 -19136 -9419 2808 0 -243949,605

2038 -70078,82 -2049 -155491,4 -3162 1897 1265 -3791 -1265 18727 -18565 -9189 2734 0 -238968,142

2039 -68090,06 -2002 -153008,5 -3089 1853 1236 -3647 -1236 18193 -18009 -8966 2662 0 -234102,522

2040 -66159,42 -1955 -150569,8 -3018 1811 1207 -3508 -1207 17674 -17473 -8749 2592 0 -229355,611

2041 -64245,23 -1903 -148055 -2936 1762 1175 -3375 -1175 17167 -16951 -8522 2524 0 -224534,572

2042 -62386,64 -1852 -145584,9 -2857 1714 1143 -3246 -1143 16674 -16443 -8301 2457 0 -219825,249

2043 -60582,04 -1802 -143158,6 -2781 1668 1112 -3123 -1112 16195 -15949 -8086 2392 0 -215225,738

2044 -58829,85 -1753 -140775,4 -2706 1623 1082 -3004 -1082 15730 -15471 -7877 2329 0 -210734,294

2045 -57128,55 -1706 -138434,4 -2633 1580 1053 -2890 -1053 15279 -15009 -7674 2267 0 -206348,723

2046 -55476,65 -1660 -136134,9 -2562 1537 1025 -2781 -1025 14840 -14558 -7476 2207 0 -202065,359

2047 -53872,71 -1615 -133876 -2493 1496 997 -2676 -997 14414 -14124 -7284 2148 0 -197882,273

2048 -52315,34 -1572 -131657 -2426 1456 970 -2574 -970 14000 -13703 -7096 2091 0 -193795,883

2049 -50803,18 -1530 -129477,1 -2361 1416 944 -2476 -944 13599 -13295 -6914 2036 0 -189804,671

2050 -49334,89 -1488 -127335,6 -2297 1378 919 -2382 -919 13209 -12897 -6736 1982 0 -185903,424

2051 -47885,9 -1447 -125185,7 -2233 1340 893 -2291 -893 12823 -12511 -6558 1928 0 -182022,437

2052 -46479,55 -1407 -123074,1 -2171 1302 868 -2204 -868 12448 -12134 -6385 1875 0 -178229,061

2053 -45114,6 -1367 -121000,2 -2110 1266 844 -2121 -844 12084 -11769 -6217 1824 0 -174524,865

2054 -43789,81 -1329 -118963,2 -2051 1231 821 -2040 -821 11731 -11417 -6053 1774 0 -170908,001

2055 -42504,01 -1292 -116962,5 -1994 1197 798 -1962 -798 11389 -11076 -5894 1726 0 -167374,143

2056 -41256,05 -1256 -114997,3 -1939 1163 775 -1888 -775 11056 -10744 -5739 1679 0 -163921,827

2057 -40044,8 -1221 -113067 -1885 1131 754 -1816 -754 10733 -10423 -5589 1633 0 -160549,388

2058 -38869,18 -1187 -111170,9 -1832 1099 733 -1747 -733 10420 -10111 -5442 1588 0 -157253,057

2059 -37728,16 -1154 -109308,3 -1781 1069 712 -1681 -712 10115 -9810 -5300 1544 0 -154033,669

2060 -36620,7 -1122 -107478,8 -1731 1039 693 -1617 -693 9820 -9518 -5161 1502 0 -150887,738

2061 -35545,81 -1091 -105681,6 -1683 1010 673 -1611 -673 9533 -9233 -5027 1450 0 -147877,89
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Table A1.4 – Estimations for the Alternative 1, considering negative signs for the costs. 

 

 

År Kjøretøykostnader Direkteutgifter Tidskostnader Operatørkostnader Operatørinntekter Operatøroverføringer Drift_vedlikehold Offentlige_overføringer Skatte_avgiftsinntekter Ulykker Støy_luft Skattekostnad Investeringer NN

2022 -118560,4 -2914 -184818,5 -4496 2698 1799 -7299 -1799 32374 -22446 -8771 -287927 -1462912 -2063050,06

2023 -115429,9 -2855 -182371,5 -4407 2644 1763 -7022 -1763 31371 -21822 -9339 4517 0 -304713,414

2024 -112383,8 -2798 -179964,9 -4318 2591 1727 -6755 -1727 30398 -21221 -9864 4383 0 -299932,705

2025 -109419,7 -2742 -177598 -4232 2539 1693 -6498 -1693 29455 -20638 -10348 4253 0 -295229,858

2026 -106403,5 -2684 -175270,1 -4142 2485 1657 -6251 -1657 28479 -20068 -10760 4114 0 -290498,959

2027 -103467,4 -2626 -172980,5 -4053 2432 1621 -6013 -1621 27533 -19518 -11131 3980 0 -285845,09

2028 -100609,3 -2570 -170728,7 -3966 2380 1587 -5785 -1587 26616 -18985 -11464 3849 0 -281263,832

2029 -97827,09 -2515 -168514 -3882 2329 1553 -5565 -1553 25727 -18465 -11761 3722 0 -276750,799

2030 -95118,54 -2461 -166335,7 -3798 2279 1519 -5363 -1519 24864 -17959 -12022 3596 0 -272318,114

2031 -88120,69 -2403 -163641,3 -3708 2225 1483 -5158 -1483 24079 -17424 -11685 3487 0 -262348,46

2032 -85462,85 -2346 -160995,3 -3620 2172 1448 -4962 -1448 23319 -16905 -11357 3382 0 -256774,688

2033 -82887 -2290 -158396,9 -3534 2120 1414 -4773 -1414 22584 -16403 -11039 3279 0 -251338,868

2034 -80390,55 -2236 -155845,1 -3450 2070 1380 -4591 -1380 21872 -15917 -10731 3180 0 -246038,095

2035 -77971,03 -2182 -153339 -3368 2021 1347 -4416 -1347 21183 -15445 -10431 3084 0 -240865,461

2036 -75756,88 -2132 -150877,8 -3290 1974 1316 -4248 -1316 20580 -14987 -10177 3003 0 -235912,081

2037 -73607,49 -2083 -148460,7 -3214 1929 1286 -4087 -1286 19994 -14542 -9929 2924 0 -231076,977

2038 -71520,91 -2035 -146086,7 -3140 1884 1256 -3931 -1256 19425 -14113 -9688 2848 0 -226357,777

2039 -69495,27 -1988 -143755,1 -3068 1841 1227 -3781 -1227 18873 -13695 -9453 2773 0 -221748,657

2040 -67528,72 -1942 -141465 -2997 1798 1199 -3638 -1199 18338 -13292 -9225 2700 0 -217251,093

2041 -65576,82 -1890 -139102,5 -2916 1750 1167 -3499 -1167 17812 -12899 -8986 2629 0 -212678,4

2042 -63681,57 -1839 -136781,9 -2838 1703 1135 -3366 -1135 17301 -12516 -8753 2560 0 -208211,997

2043 -61841,32 -1789 -134502,5 -2761 1657 1105 -3238 -1105 16805 -12145 -8527 2493 0 -203849,976

2044 -60054,47 -1741 -132263,5 -2687 1612 1075 -3115 -1075 16323 -11785 -8307 2427 0 -199590,351

2045 -58319,46 -1694 -130064,3 -2615 1569 1046 -2996 -1046 15855 -11436 -8093 2363 0 -195431,12

2046 -56634,79 -1649 -127903,9 -2544 1527 1018 -2884 -1018 15401 -11097 -7884 2300 0 -191369,579

2047 -54998,97 -1604 -125781,7 -2476 1485 990 -2774 -990 14960 -10770 -7681 2239 0 -187402,196

2048 -53410,61 -1561 -123697 -2409 1445 964 -2669 -964 14531 -10452 -7484 2180 0 -183526,707

2049 -51868,3 -1519 -121649,1 -2344 1407 938 -2567 -938 14115 -10145 -7292 2122 0 -179741,43

2050 -50370,71 -1478 -119637,3 -2281 1369 912 -2470 -912 13710 -9845 -7105 2066 0 -176042,054

2051 -48892,39 -1437 -117617,3 -2218 1331 887 -2376 -887 13310 -9553 -6917 2009 0 -172360,308

2052 -47457,55 -1397 -115633,4 -2156 1293 862 -2285 -862 12922 -9269 -6735 1955 0 -168762,451

2053 -46064,91 -1358 -113684,8 -2096 1257 838 -2198 -838 12545 -8993 -6558 1902 0 -165248,907

2054 -44713,21 -1320 -111771 -2037 1222 815 -2115 -815 12179 -8727 -6385 1850 0 -161818,098

2055 -43401,27 -1283 -109891,2 -1980 1188 792 -2034 -792 11823 -8469 -6217 1799 0 -158466,149

2056 -42127,91 -1248 -108044,8 -1925 1155 770 -1957 -770 11478 -8219 -6054 1750 0 -155191,66

2057 -40891,98 -1213 -106231,1 -1871 1123 749 -1883 -749 11144 -7976 -5895 1702 0 -151992,836

2058 -39692,39 -1179 -104449,6 -1819 1092 728 -1811 -728 10819 -7740 -5741 1656 0 -148866,63

2059 -38528,06 -1146 -102699,7 -1769 1061 707 -1742 -707 10503 -7512 -5591 1611 0 -145813,257

2060 -37397,96 -1114 -100980,8 -1719 1032 688 -1676 -688 10197 -7291 -5445 1567 0 -142829,604

2061 -36301,08 -1083 -99292,2 -1671 1003 669 -1676 -669 9899 -7075 -5303 1511 0 -139988,66
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Table A1.5 - Subtraction of both the alternatives after considering costs as negative values.  

 

 

År Kjøretøykostnader Direkteutgifter Tidskostnader Operatørkostnader Operatørinntekter Operatøroverføringer Drift_vedlikehold Offentlige_overføringer Skatte_avgiftsinntekter Ulykker Støy_luft Skattekostnad Investeringer NN

2022 2496,1 -14,042 -11930,9 -21,669 13,002 8,667 260,112 -8,667 -1131,3 -7236,87 443,008 292406,556 1462912 1738195,997

2023 2436,1 -14,255 -11770,5 -21,998 13,199 8,799 250,108 -8,799 -1098,23 -7026,37 471,872 -171,384 0 -16931,458

2024 2377,4 -14,456 -11612,8 -22,309 13,386 8,924 240,489 -8,924 -1066,06 -6823,73 498,732 -166,899 0 -16576,247

2025 2320,1 -14,647 -11457,7 -22,604 13,562 9,042 231,239 -9,042 -1034,78 -6627,16 523,672 -162,517 0 -16230,835

2026 2256,3 -15,04 -11305,2 -23,21 13,926 9,284 222,346 -9,284 -1000,82 -6435,09 544,73 -157,551 0 -15899,609

2027 2193,9 -15,415 -11155,3 -23,789 14,273 9,516 213,794 -9,516 -967,8 -6250,35 563,81 -152,706 0 -15579,583

2028 2132,97 -15,773 -11007,7 -24,341 14,604 9,736 205,571 -9,736 -935,73 -6071,33 581,03 -147,979 0 -15268,678

2029 2073,51 -16,113 -10862,6 -24,867 14,92 9,947 197,664 -9,947 -904,57 -5896,6 596,44 -143,369 0 -14965,585

2030 2015,39 -16,439 -10719,9 -25,368 15,221 10,147 191,591 -10,147 -874,28 -5726,88 610,16 -138,568 0 -14669,073

2031 1753,67 -16,162 -10544,9 -24,941 14,964 9,977 184,221 -9,977 -848,91 -5549,03 594,2 -134,933 0 -14571,821

2032 1702,76 -15,89 -10373,1 -24,521 14,712 9,808 177,136 -9,808 -824,3 -5376,6 578,7 -131,395 0 -14272,498

2033 1653,35 -15,621 -10204,2 -24,107 14,464 9,643 170,323 -9,643 -800,42 -5209,83 563,63 -127,948 0 -13980,359

2034 1605,4 -15,357 -10038,5 -23,699 14,22 9,48 163,773 -9,48 -777,25 -5048,93 548,97 -124,592 0 -13695,965

2035 1558,9 -15,096 -9875,8 -23,297 13,978 9,319 157,474 -9,319 -754,76 -4892,47 534,717 -121,323 0 -13417,677

2036 1518,91 -14,754 -9715,9 -22,768 13,66 9,108 151,417 -9,108 -735,44 -4740,68 522,408 -118,626 0 -13141,773

2037 1479,98 -14,419 -9558,9 -22,251 13,35 8,901 145,594 -8,901 -716,63 -4593,77 510,406 -115,988 0 -12872,628

2038 1442,09 -14,092 -9404,7 -21,746 13,048 8,698 139,994 -8,698 -698,32 -4451,94 498,705 -113,404 0 -12610,365

2039 1405,21 -13,772 -9253,4 -21,252 12,752 8,501 134,609 -8,501 -680,49 -4313,94 487,295 -110,877 0 -12353,865

2040 1369,3 -13,459 -9104,8 -20,771 12,463 8,309 129,432 -8,309 -663,14 -4181,31 476,17 -108,403 0 -12104,518

2041 1331,59 -13,102 -8952,5 -20,219 12,132 8,087 124,454 -8,087 -644,9 -4051,97 464,049 -105,706 0 -11856,172

2042 1294,93 -12,753 -8803 -19,681 11,808 7,872 119,667 -7,872 -627,16 -3926,24 452,249 -103,072 0 -11613,252

2043 1259,28 -12,414 -8656,1 -19,158 11,494 7,663 115,064 -7,663 -609,91 -3804,28 440,763 -100,501 0 -11375,762

2044 1224,62 -12,084 -8511,9 -18,648 11,189 7,459 110,639 -7,459 -593,14 -3686,21 429,582 -97,991 0 -11143,943

2045 1190,91 -11,763 -8370,1 -18,152 10,891 7,261 106,384 -7,261 -576,82 -3572,11 418,698 -95,541 0 -10917,603

2046 1158,14 -11,45 -8231 -17,67 10,602 7,068 102,593 -7,068 -560,97 -3461,04 408,103 -93,088 0 -10695,78

2047 1126,26 -11,146 -8094,3 -17,2 10,32 6,8801 98,647 -6,8801 -545,55 -3354,14 397,788 -90,756 0 -10480,077

2048 1095,27 -10,85 -7960 -16,743 10,046 6,6973 94,853 -6,6973 -530,54 -3250,48 387,746 -88,478 0 -10269,176

2049 1065,12 -10,562 -7828 -16,298 9,779 6,5193 91,205 -6,5193 -515,96 -3150,24 377,97 -86,255 0 -10063,241

2050 1035,82 -10,281 -7698,3 -15,865 9,519 6,3462 87,698 -6,3462 -501,78 -3052,549 368,454 -84,086 0 -9861,37

2051 1006,49 -9,998 -7568,4 -15,429 9,257 6,1714 84,324 -6,1714 -487,58 -2957,781 358,875 -81,887 0 -9662,129

2052 978 -9,722 -7440,7 -15,003 9,002 6,0015 81,081 -6,0015 -473,79 -2865,294 349,557 -79,741 0 -9466,61

2053 950,31 -9,454 -7315,4 -14,591 8,754 5,8362 77,962 -5,8362 -460,39 -2775,988 340,491 -77,652 0 -9275,958

2054 923,4 -9,194 -7192,2 -14,189 8,513 5,6754 74,964 -5,6754 -447,36 -2689,894 331,671 -75,614 0 -9089,903

2055 897,26 -8,941 -7071,3 -13,798 8,279 5,5192 72,081 -5,5192 -434,71 -2606,328 323,091 -73,628 0 -8907,994

2056 871,86 -8,696 -6952,5 -13,419 8,051 5,3674 69,308 -5,3674 -422,41 -2525,41 314,743 -71,694 0 -8730,167

2057 847,18 -8,456 -6835,9 -13,049 7,829 5,2196 66,642 -5,2196 -410,46 -2447,151 306,621 -69,808 0 -8556,552

2058 823,21 -8,223 -6721,3 -12,69 7,614 5,0761 64,08 -5,0761 -398,85 -2371,017 298,719 -67,97 0 -8386,427

2059 799,9 -7,997 -6608,6 -12,341 7,404 4,9364 61,615 -4,9364 -387,57 -2297,674 291,03 -66,179 0 -8220,412

2060 777,26 -7,777 -6498 -12,002 7,201 4,8006 59,245 -4,8006 -376,611 -2226,566 283,549 -64,433 0 -8058,134

2061 755,27 -7,564 -6389,4 -11,672 7,003 4,6686 65,155 -4,6686 -365,96 -2157,237 276,269 -61,094 0 -7889,23


