
�

��� ��������� ��	��
� ���������
� ��� 
�

� ������� ��
��

�	�����������������
��
�����	��
�����

����
����������
��
�����
���	���
�������������������
�
�

���
���
�

�

���

�

�����
���	�
������������

�

�

�

�����

��������
��

���
����
�������������
������
���

�������

�

�����
��������������������������

�

�

���
���

��	��
���
��������������

��������
�����	��
�����

�

�

��	���������	�������������
�������

������	���������	����
��������
�����
��

���������
��������
�� ����
��

�

�

�

�

����!""#�

�

UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  eettdd  ––  KKeekkaannaa  RR  DD  ((22000066))  



  

II

���
���
����

�

�

�����������	
��������
�

AN ECONOMIC IMPACT ASSESSMENT OF TOLL ROADS, WITH SPECIFIC 

REFERENCE TO THE IMPACT ON ALTERNATIVE ROADS BETWEEN THE 
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A data capture sheet was developed in order to assist the data capturer. All completed 

questionnaires were transformed into codes, which were recorded on the capture sheet. 

The codes were then entered on the computer. A print of datasets was made to verify 

each of these codes and was compared to the data capture sheet. All mistakes made 

during the coding and data input process were corrected. 
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In today‘s world where road transport continues to be an important player in the 

economy, transport policy makers are under pressure to develop self sustaining programs 

and activities. 

 

EIA studies are becoming widely used by agencies interested at maximising the 

economic benefits of road activities. EIA can be seen as the negative or positive effects of 

the level of economic activity. (Link, 1996:3) defines EIA as the appraisal of those 

factors that affect the level of economic activity in a region either positively or 

negatively. It traces spending through an economy and it generates an estimate of the 

economic consequences of a particular project on the local economy. It is rather a process 

of investigation and reasoning designed to assist decision makers reach an informed 

rational choice. Its fundamentals is to provide decision makers with an estimate of 

economic costs and benefits over time of any projects relative to those that attach to the 

continuing use of existing ones. The main reason of EIA is to test economic efficiency. 
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 �������  Its purpose is to evaluate both 

qualitatively and quantitavely the benefits to the economy that are associated with the 

present and to compare those benefits in a systematic manner to the costs of conducting 

that project. EIA studies provide information on the amount and nature of spending 

generated by a facility or event computed for a variety of purposes. Not only can the 

figures generated through the analysis help gather support for proposed developments but 

they also help determine what specific actions or plans will provide the most benefits to 

the community. Additionally, EIA studies have the potential to help target specific 

projects to increase economic activity. There are reasons why an EIA study is necessary: 

��To ensure accountability and document value. 

��To ensure overall management effectiveness 

 

However there are critisms to EIA. Goldman & Nakazawa (1997:48) identified the 

following: 

��EIA is irrelevant because decisions are made on a potential basis. 

��Unrealistic expectations that the analysis can be completely accurate and 

comprehensive. 

There are various kinds of impact assessments. In choosing the best method the following 

steps have been identified. Seven steps of choosing a method of project assessment based 

on the incremental principle are: 

��Determine the size of the budget. 

��Eliminate all projects that exceed the budget limit and all projects, which do not 

satisfy minimum acceptance criteria. 

��Determine which projects have the highest benefit cost ratio within each group of 

mutually exclusive alternatives 

��Choose the one with the highest benefit costs ratio 
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��Review the choice of the best project in each group of mutually exclusive 

projects. (Conninggarth economists, 2001:29) 

This study will only be limited to the following methods of assessment as identified in 

Brathen (2001): 
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(Ceas, 1989:106) defines CBA as an economic technique used in project appraisal, which 

seeks to encompass in its arithmetic, all costs and benefits associated with an envisaged 

act of investment. It has the potential therefore, to serve as a very useful guide in decision 

making on the channeling of public investment. An investment is considered a profitable 

use of resources for the individual or society as a whole when the expected benefits 

exceed the costs, thus in choosing between alternative investments that will achieve 

greatest possible benefit in relation to costs. The technique of CBA has been developed to 

make this evaluation as systematic, reliable and comprehensive as possible and to 

eliminate the need for guesswork. CBA is an aid to normative judgment, however not a 

substitute for it, since future costs and benefits can never be predicted with certainty. The 

likely benefits of a project can never be completely precise. Therefore normative 

judgment must be used in the economic appraisal of investment projects. The value of 

CBA is that it provides a framework for evaluating both the magnitude of the costs and 

benefits and their distribution over time. Such a framework allows the judgment that must 

be made in assessing the likely yield of an investment to be explicit rather than implicit 

and vague. 
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Whereas CBA is 

concerned exclusively with comparison of direct benefits and costs to society; EIA 

examines the direct benefits and costs to society. EIA examines the distribution of many 

secondary impacts that falls outside the scope of CBA. EIA does this by studying 

changes occurring across broadly defined sectors of the economy. EIA means that the 

project is re-evaluated at prices that reflect the relative scarcity of inputs and outputs.  
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In its application CBA uses the following methods of choosing the best alternative. 

Brathen (2001) 

�

����	�	��
�#& &�"�#�&���&!��$���� 

 

Net Present Value (NPV) 

NPV is the difference between the discounted benefits and the discounted costs. If NPV 

is positive then the project is said to be economically worthwhile with respect to the 

monetised impact. If NPV is negative then the project is not worthwhile. If NPV is equal 

to zero then one should be indifferent whether to undertake the project or not. 

 

Benefit Cost Ratio (BCR) 

BCR expresses the returns of an investment relative to its costs. It is defined as the ratio 

between NPV to total costs of investment. The interpretation of BCR is calculated as Net 

benefit/ cost ratio. A BCR of 0.5 implies a net gain. 

 

Internal Rate of Return (IRR) 

IRR is the interest rate at which streams of benefits and costs are balanced. For a project 

to be selected the IRR must be equal to or greater than the market rate of return. 
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This method deals with benefits not easily quantified or for which there are no easily 

defined monetary units. The principal of CEA is to obtain money based index that is 

helpful in comparing alternatives that are intended to reach the same general type of 

objective. 
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This method uses both effects that have a monetary value and other effects considered to 

be of interest. Its advantage is that it describes and shows the multiple objectives that 

decision makers generally have. It enables diverse objectives to be integrated. It 

recognises that economic efficiency is not the sole objective of a policy.  
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This is the application of decision rules to risky events. 
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This method requires the identification and measurement of impacts on the environment. 

It identifies environmental consequences of policy actions. 
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The RED model is a special version of a CBA, which was developed by the World Bank 

for specific application to decisions regarding the building of roads. The RED model has 

build-in fixed parameters regarding the valuation of aspects such as time and the impact 

on vehicle maintenance due to varying road conditions. For this reason, the model 

parameters needed to be adapted for South African road conditions. This was done by 

Transpotek (a division of the Council for Scientific and Industrial Research (CSIR)), on 

assignment from the Development Bank of Southern Africa (DBSA). This special 

application of CBA is applied to data of the study area and is discussed in Chapter 4. 

(CSIR:2000)  
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These methods are categorised as follows (Brathen, 2001:56): 
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In a perfectly competitive market economy all goods will be produced for which 

consumers are willing to pay the costs. In such a market the resource values will be 

reflected in prices. In a free competitive market, market prices are an appropriate measure 

of costs and benefits of transport projects. It is mainly used for maintenance and 

operating costs. 
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For impacts that do not have market prices, values can be derived from observed or stated 

human behaviour. There are various methods to determine the value of those impacts. 

Brathen, (2001:57) identified the following methods to derive prices for those goods that 

do not have prices attached to them. They are:  

Revealed Preference Method 

This method relies on funding a market in which people reveal the value they attach to an 

attribute in question in terms of willingness to pay for it or accept compensation for its 

loss by observing actual behaviour. It is used mainly in time saving. 

Hedonic Pricing Method 

This is a form of revealed preference analysis. Its main proposition is that the price of a 

good is related to its characteristics and thus consumers’ preferences for attributes of a 

good can be derived from consumption decisions. It is mainly used from consumption 

decisions. It is mainly used for house price models to derive environmental benefits 

associated with a particular area. 

Travel Cost Method 

This method is used for valuing the benefits of traveling facilities. In transport it is used 

to provide estimates of the value of recreational sites that are severely damaged due to 

road construction. 

Stated Preferences Method 

This method uses surveys to ask people about their hypothetical decisions. It is mainly 

used for determining the value of human costs of accidents, value of time and value of 

the environment. 

Contingent Valuation Method 

It involves actually asking direct questions about an individual’s willingness to pay or 

willingness to achieve or avoid a particular result, such as reducing the level of noise 

nuisance in a given area. 
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This method seeks to derive values directly by assigning weights for each impact stating 

the impacts importance relative to all other impacts under consideration. The weights are 

derived in a number of ways generally termed multi criteria. 
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Impacts in this category can be divided into two. Those that cannot be valued because no 

adequate study of the effects exists and those that exist, but the valuation is wrong in 

principle because it is irreplaceable or its effect may be irreversible. The first group can 

be dealt with by expert opinion. The second group may be inappropriate to place 

monetary value of impacts on, especially environmental ones. These considerations 

should therefore be thoroughly described for political judgment.
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What is clear from the results of the survey is that users of the alternative road show a 

slight dissatisfaction with the road after the introduction of tolls. Respondents of the 

study conducted by the CSIR, (2000) are of a similar opinion. Furthermore the results of 

the survey indicated a reduction in quality of life and a reduction in road conditions along 

the alternative road. 

 

The study also found that a decrease in property values and an increase in congestion 

coupled with an increase in vehicle operating costs and pollution as a result of traffic 

diverted from the toll road unfairly penalises the users who, having made their household 

and occupational decisions, have little choice but to continue driving along the alternative 

road.  
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APPENDIX A 
Project-Options Main Features - N1 North   
   
  Without Project Case Project  Alternatives 
  Option 0 Option 1 
      
Option Description Current Poor Condition Bring to Fair Condition 
      
Road Length (km) 41 41 
Terrain Type (A/B/C) A A 
    A: Flat     
    B: Rolling     
    C: Mountainous     
Road Type (X/Y/Z) X X 
    X: Paved     
    Y: Gravel     
    Z: Earth     
Roughness (IRI) 6 4 
Financial Investment Costs ('000R /km) 0 5000 
Fixed Financial Maintenance Costs ('000R /km/year) 20 50 
Variable Financial Maintenance Costs ('000R /km/year/ADT) 20 20 
Accidents Rate (Accidents per 100 million vehicle-km) 100 50 
   And Optionally     
Percent With Fatality (%) 11 11 
Percent With Injury (%) 17 17 
Percent Damage Only (%) 72 72 
Solution Summary     
Net Present Value (million R ) at 10% Discount Rate     349 
Internal Rate of Return (%)   27.8% 
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APPENDIX A (CONT) 
Project-Options Main Features - Alternative Route (Scenario 1)  

   
  Without Project Case Project  Alternatives 
  Option 0 Option 1 
      
Option Description Current Poor Condition Bring to Fair Condition 
      
Road Length (km) 55 55 
Terrain Type (A/B/C) A A 
    A: Flat     
    B: Rolling     
    C: Mountainous     
Road Type (X/Y/Z) X X 
    X: Paved     
    Y: Gravel     
    Z: Earth     
Roughness (IRI) 7 5 
Financial Investment Costs ('000R /km) 0 2000 
Fixed Financial Maintenance Costs ('000R /km/year) 20 30 
Variable Financial Maintenance Costs ('000R /km/year/ADT) 20 20 
Accidents Rate (Accidents per 100 million vehicle-km) 100 200 
   And Optionally     
Percent With Fatality (%) 11 20 
Percent With Injury (%) 17 20 
Percent Damage Only (%) 72 60 
Solution Summary     
Net Present Value (million R ) at 10% Discount Rate     52 
Internal Rate of Return (%)   16.1% 
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APPENDIX A (CONT) 
Project-Options Main Features - Alternative Route (Scenario 2)  
   
  Without Project Case Project  Alternatives 
  Option 0 Option 1 
      
Option Description Current Poor Condition Bring to Fair Condition 
Road Length (km) 55.0 55.0 
Terrain Type (A/B/C) A A 
    A:      
    B:      
    C:      
Road Type (X/Y/Z) X X 
    X:      
    Y:      
    Z:      
Roughness (IRI) 7.0 5.0 
Fixed Financial Maintenance Costs ('000R /km/year) 20.0 30.0 
Variable Financial Maintenance Costs ('000R /km/year/ADT) 20.000 20.000 
Accidents Rate (Accidents per 100 million vehicle-km) 100.0 50.0 
   And Optionally     
Percent With Fatality (%) 11 11 
Percent With Injury (%) 17 17 
Percent Damage Only (%) 72 72 
Solution Summary     
Net Present Value (million R ) at 10% Dicount Rate     367 
Internal Rate of Return (%)   38% 
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Appendix B 
Feasibility report of the N1 North Toll Road   
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Net Economic Benefits Sensitivity Analysis 

Normal Generated Induced Agency Benefits User Benefits A B A & B 
Daily Daily Daily Investment Maintenance Normal Traffic Generated Traffic Road Other Agency * User * 
Traffic Traffic Traffic Costs Costs VOC Time VOC Time Safety Benefits Total 1.25 0.75 

Year (veh/day) (veh/day) (veh/day) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) 
2002 15156 0 0 -139.400 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -139.400 -174.250 -139.400 -174.250 
2003 15358 0 0 -17.425 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -17.425 -21.781 -17.425 -21.781 
2004 15563 0 0 -17.425 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -17.425 -21.781 -17.425 -21.781 
2005 15773 789 0 0.000 -1.045 66.084 0.000 1.652 0.000 4.721 0.000 71.412 71.150 53.297 53.036 
2006 15986 799 0 0.000 -1.046 67.244 0.000 1.681 0.000 4.785 0.000 72.664 72.403 54.237 53.976 
2007 16192 810 0 0.000 -1.046 68.330 0.000 1.708 0.000 4.846 0.000 73.839 73.577 55.118 54.856 
2008 16402 820 0 0.000 -1.045 69.438 0.000 1.736 0.000 4.909 0.000 75.038 74.776 56.017 55.756 
2009 16615 831 0 0.000 -1.046 70.571 0.000 1.764 0.000 4.973 0.000 76.263 76.001 56.936 56.674 
2010 16831 842 0 0.000 -1.046 71.728 0.000 1.793 0.000 5.038 0.000 77.513 77.252 57.874 57.612 
2011 17051 853 0 0.000 -1.045 72.910 0.000 1.823 0.000 5.104 0.000 78.791 78.530 58.832 58.571 
2012 17249 862 0 0.000 -1.046 73.879 0.000 1.847 0.000 5.163 0.000 79.843 79.582 59.621 59.359 
2013 17448 872 0 0.000 -1.046 74.862 0.000 1.872 0.000 5.222 0.000 80.910 80.649 60.421 60.160 
2014 17651 883 0 0.000 -1.045 75.860 0.000 1.896 0.000 5.283 0.000 81.994 81.732 61.234 60.972 
2015 17856 893 0 0.000 -1.046 76.872 0.000 1.922 0.000 5.344 0.000 83.093 82.831 62.058 61.797 
2016 18063 903 0 0.000 -1.046 77.900 0.000 1.948 0.000 5.406 0.000 84.209 83.947 62.895 62.634 
2017 18273 914 0 0.000 -1.046 78.944 0.000 1.974 0.000 5.469 0.000 85.341 85.080 63.744 63.483 
2018 18486 924 0 0.000 -1.045 80.003 0.000 2.000 0.000 5.533 0.000 86.490 86.229 64.606 64.345 
2019 18702 935 0 0.000 -1.046 81.078 0.000 2.027 0.000 5.597 0.000 87.657 87.395 65.481 65.220 
2020 18920 946 0 0.000 -1.046 82.169 0.000 2.054 0.000 5.663 0.000 88.841 88.579 66.369 66.108 
2021 19141 957 0 0.000 -1.046 83.277 0.000 2.082 0.000 5.729 0.000 90.042 89.781 67.270 67.009 

0 Net Present Value (million R ) at 10% Discount Rate 349.364 305.221 217.880 173.737 
1.2% Growth Internal Rate of Return (%) 28% 23% 22% 18% 

Evaluation Equivalent Annual Net Benefits (R /km) at 10% Discount Rate 909894 794926 567453 452485 
Period Modified Rate of Return at 10% Reinvestment Rate (%) 17% 15% 15% 14% 
(years) Net Present Value per Financial Investment Costs (ratio) 1.70 1.49 1.06 0.85 

20 First-Year Benefits per Economic Investment Cost (ratio) 0.42 0.33 0.31 0.25 
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Appendix B 
Feasibility of Alternative Route (Scenario 1) 
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Net Economic Benefits Sensitivity Analysis
Normal Generated Induced Agency Benefits User Benefits A B A & B
Daily Daily Daily Investment Maintenance Normal Traffic Generated Traffic Road Other Agency * User *
Traffic Traffic Traffic Costs Costs VOC Time VOC Time Safety Benefits Total 1.25 0.75

Year (veh/day) (veh/day) (veh/day) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year)
2003 8053 0 0 -74.800 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -74.800 -93.500 -74.800 -93.500
2004 8344 0 0 -9.350 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -9.350 -11.688 -9.350 -11.688
2005 8646 0 0 -9.350 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -9.350 -11.688 -9.350 -11.688
2006 8960 448 0 0.000 -0.468 55.470 0.000 1.387 0.000 -37.515 0.000 18.874 18.757 14.039 13.922
2007 9285 464 0 0.000 -0.467 57.321 0.000 1.433 0.000 -38.879 0.000 19.408 19.291 14.439 14.322
2008 9545 477 0 0.000 -0.468 58.811 0.000 1.470 0.000 -39.967 0.000 19.847 19.730 14.768 14.651
2009 9813 491 0 0.000 -0.467 60.344 0.000 1.509 0.000 -41.087 0.000 20.298 20.181 15.106 14.990
2010 10088 504 0 0.000 -0.468 61.920 0.000 1.548 0.000 -42.240 0.000 20.761 20.644 15.454 15.337
2011 10371 519 0 0.000 -0.467 63.541 0.000 1.589 0.000 -43.426 0.000 21.236 21.119 15.810 15.693
2012 10663 533 0 0.000 -0.467 65.208 0.000 1.630 0.000 -44.647 0.000 21.724 21.607 16.176 16.059
2013 10915 546 0 0.000 -0.467 66.657 0.000 1.666 0.000 -45.702 0.000 22.155 22.038 16.499 16.382
2014 11173 559 0 0.000 -0.468 68.141 0.000 1.704 0.000 -46.782 0.000 22.595 22.478 16.830 16.713
2015 11437 572 0 0.000 -0.467 69.660 0.000 1.741 0.000 -47.888 0.000 23.046 22.929 17.167 17.050
2016 11707 585 0 0.000 -0.468 71.215 0.000 1.780 0.000 -49.022 0.000 23.506 23.389 17.513 17.396
2017 11985 599 0 0.000 -0.467 72.807 0.000 1.820 0.000 -50.183 0.000 23.977 23.860 17.866 17.749
2018 12269 613 0 0.000 -0.467 74.437 0.000 1.861 0.000 -51.373 0.000 24.458 24.341 18.226 18.110
2019 12560 628 0 0.000 -0.467 76.106 0.000 1.903 0.000 -52.591 0.000 24.950 24.833 18.595 18.478
2020 12858 643 0 0.000 -0.467 77.814 0.000 1.945 0.000 -53.840 0.000 25.452 25.335 18.972 18.856
2021 13164 658 0 0.000 -0.468 79.564 0.000 1.989 0.000 -55.119 0.000 25.966 25.850 19.358 19.241
2022 13477 674 0 0.000 -0.467 81.355 0.000 2.034 0.000 -56.429 0.000 26.492 26.375 19.752 19.635

0 Net Present Value (million R ) at 10% Discount Rate 52.212 28.680 15.627 -7.905
2.7% Growth Internal Rate of Return (%) 16% 13% 12% 9%

Evaluation Equivalent Annual Net Benefits (R /km) at 10% Discount Rate 101368 55682 30340 -15347
Period Modified Rate of Return at 10% Reinvestment Rate (%) 13% 11% 11% 10%
(years) Net Present Value per Financial Investment Costs (ratio) 0.47 0.26 0.14 -0.07

20 First-Year Benefits per Economic Investment Cost (ratio) 0.21 0.17 0.16 0.12
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Appendix B 
Feasibility of Alternative Route (Scenario 2) 
 

��)�#�8
7��������
��������
��
���
->B
3����


Net Economic Benefits Sensitivity Analysis
Normal Generated Induced Agency Benefits User Benefits A B A & B
Daily Daily Daily Investment Maintenance Normal Traffic Generated Traffic Road Other Agency * User *
Traffic Traffic Traffic Costs Costs VOC Time VOC Time Safety Benefits Total 1.25 0.75

Year (veh/day) (veh/day) (veh/day) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year) (MR /year)
2003 7248 0 0 -74.800 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -74.800 -93.500 -74.800 -93.500
2004 7509 0 0 -9.350 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -9.350 -11.688 -9.350 -11.688
2005 7781 0 0 -9.350 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -9.350 -11.688 -9.350 -11.688
2006 8064 403 0 0.000 -0.468 49.923 0.000 1.248 0.000 8.279 0.000 58.983 58.866 44.121 44.004
2007 8357 418 0 0.000 -0.468 51.589 0.000 1.290 0.000 8.581 0.000 60.992 60.875 45.627 45.510
2008 8591 430 0 0.000 -0.468 52.930 0.000 1.323 0.000 8.821 0.000 62.607 62.490 46.838 46.721
2009 8831 442 0 0.000 -0.468 54.309 0.000 1.358 0.000 9.068 0.000 64.267 64.151 48.084 47.967
2010 9079 454 0 0.000 -0.468 55.728 0.000 1.393 0.000 9.322 0.000 65.976 65.859 49.365 49.248
2011 9334 467 0 0.000 -0.468 57.187 0.000 1.430 0.000 9.584 0.000 67.733 67.616 50.683 50.566
2012 9596 480 0 0.000 -0.468 58.687 0.000 1.467 0.000 9.853 0.000 69.541 69.424 52.039 51.922
2013 9823 491 0 0.000 -0.468 59.992 0.000 1.500 0.000 10.086 0.000 71.110 70.993 53.216 53.099
2014 10055 503 0 0.000 -0.468 61.327 0.000 1.533 0.000 10.325 0.000 72.717 72.600 54.421 54.304
2015 10293 515 0 0.000 -0.467 62.694 0.000 1.567 0.000 10.569 0.000 74.363 74.246 55.655 55.538
2016 10537 527 0 0.000 -0.467 64.093 0.000 1.602 0.000 10.819 0.000 76.047 75.930 56.919 56.802
2017 10786 539 0 0.000 -0.468 65.526 0.000 1.638 0.000 11.075 0.000 77.772 77.655 58.212 58.095
2018 11042 552 0 0.000 -0.468 66.993 0.000 1.675 0.000 11.338 0.000 79.538 79.421 59.537 59.420
2019 11304 565 0 0.000 -0.468 68.495 0.000 1.712 0.000 11.607 0.000 81.347 81.230 60.893 60.776
2020 11572 579 0 0.000 -0.467 70.033 0.000 1.751 0.000 11.882 0.000 83.198 83.082 62.282 62.165
2021 11847 592 0 0.000 -0.467 71.607 0.000 1.790 0.000 12.164 0.000 85.094 84.978 63.704 63.587
2022 12129 606 0 0.000 -0.467 73.219 0.000 1.830 0.000 12.454 0.000 87.036 86.919 65.160 65.043

0 Net Present Value (million R ) at 10% Discount Rate 366.889 343.357 251.635 228.103
2.7% Growth Internal Rate of Return (%) 38% 33% 32% 27%

Evaluation Equivalent Annual Net Benefits (R /km) at 10% Discount Rate 712308 666622 488545 442859
Period Modified Rate of Return at 10% Reinvestment Rate (%) 20% 18% 18% 17%
(years) Net Present Value per Financial Investment Costs (ratio) 3.34 3.12 2.29 2.07

20 First-Year Benefits per Economic Investment Cost (ratio) 0.64 0.51 0.48 0.38
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