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Simplified Procedure for HPMV routes
	Introduction
	This procedure provides a simplified method for evaluating the costs and benefits of upgrading road infrastructure to accommodate high-productivity motor vehicles (HPMVs) on a specified route from source of freight to destination. The procedure is designed for bridge strengthening works plus upgrading works for pavements, surfacings and geometry.
In this simplified procedure, the assumptions are:

1. Benefits come from the reduced number of heavy commercial vehicle (HCV) trips that result from permitting freight to be carried by HPMVs on the route. These benefits are mainly savings in vehicle operating costs, CO2 and accidents.
2. Travel time for freight is unchanged.

3. Other benefits, including seal extension benefits, are not significant.
4. The route is mainly rural.
5. Benefits start at a low level and increase linearly until full benefits are achieved after a defined number of years
6. Costs are the additional costs for works shown by structural and safety analysis to be necessary to accommodate HPMVs on the route plus other relevant costs.

7. Bridge upgrade costs are spread evenly over a defined number of years.

8. The do minimum is to do nothing.

9. The analysis period is 30 years.

10. An 8 percent discount rate is used.
11. All costs are exclusive of GST.

In cases where the above assumptions are not appropriate, either the simplified procedure should be modified or full procedures used.

This simplified procedure is designed to consider one option at a time. If there is more than one option, use incremental analysis of the costs and benefits of the different options (worksheet 5).
To use the worksheets, it is necessary to first determine:

· the efficiency gains from using HPMVs on the route (the number of HCV trips saved for a given amount of freight)
· the bridge upgrade works required to accommodate HPMVs, and their costs and timing
· the additional pavement costs attributable to HPMVs using the route, and the timing for these costs.

	
	Worksheet
	Description

	
	1
	Evaluation summary

	
	2
	Costs

	
	3
	HPMV VOC and CO2 benefits

	
	4
	HPMV accident cost savings

	
	5
	BCR and incremental analysis


Simplified Procedure for HPMV routes, continued
Explanation for worksheet 1
Evaluation summary
Worksheet 1 provides a summary of the general data used for the evaluation as well as the results of the analysis.
1. Evaluator(s)/reviewer(s): Enter the full name, contact details, name of organisation, office location, etc, of the evaluator(s) and reviewer(s).

2. Project/package details: Enter the name(s) of the road controlling authorities for the route or routes. Provide a general description of the project and package, including the bridges to be upgraded and other activities attributable to making the route or routes available for HPMVs.

3. Location and route: Provide a description of the location and route and attach a location/route map showing clearly the start and end points of the route.

4. Options: Describe the options assessed. Usually the optimal option will comprise the least cost for bridge upgrade works completed in the shortest practicable time so that HPMVs can operate as soon as possible, with pavement upgrade works delayed until there is demonstrated need.
5. Timing: For purposes of the economic efficiency evaluation, the construction start is assumed to be 1 July of the financial year in which the project is submitted for a commitment to funding. It is assumed that HPMVs will be able to operate under permit to the maximum limits for HPMVs once all bridges have been upgraded and vehicles have been adapted to carry these loads. The time to full benefits should be longer than the duration of bridge upgrade works. It is assumed that benefits increase linearly from start benefits to full benefits. 
6. Traffic: Enter the road and traffic information used in the economic efficiency calculation. Route length means the total length of the HPMV route or routes covered by the evaluation. The freight tonnage growth rate means the estimated growth in freight on the route or routes.  Affected HCVII means the average annual daily traffic count of HCVII vehicles currently using the route that are not travelling outside HPMV routes. HCVIIs changed to HPMVs means the number of HCVII trips on the route or routes per day that are likely to become HPMV trips. HCVII trips saved means the estimated number of HCVII trips on the route or routes saved as a result of use of HPMVs. These values should be estimated with assistance from transport operators.
7. Economic efficiency: Enter the timeframe information for the economic efficiency calculation. 

8. PV cost of preferred option: Use worksheet 2 to calculate the PV of the total cost attributable to permitting HPMVs to operate on the route or routes for all options and enter the PV cost of the preferred option.

9. Enter the benefit values from worksheets 3 and 4. To convert the cost savings to base date values use the update factors in Appendix A12.3 of the NZTA’s Economic evaluation manual, volume 1.
10. The national BCR is calculated by dividing the PV of the benefits by PV of the costs.

Simplified Procedure for HPMV routes, continued
Evaluation summary
Worksheet 1

	1
	Evaluator(s)
	

	
	
	

	
	Reviewer(s)
	

	
	
	

	2
	Project/package details

	
	Road controlling authorities 
	

	
	
	

	
	Project/package name
	

	
	Your reference
	

	
	Project description
	

	
	
	

	3
	Location and route

	
	Brief description of the location
	

	
	Full description of the route or routes
	

	
	
	

	
	
	

	4
	Options

	
	Summary of the options assessed
	

	
	
	

	
	
	

	5
	Timing

	
	Time zero (assumed construction start date)
	1 July 
	

	
	Duration of bridge upgrade works
	
	Years from time zero

	
	Start benefits
	
	% of full benefits

	
	Time until full benefits
	
	Years from time zero

	6
	Traffic

	
	Route length
	
	kilometres

	
	Freight tonnage growth rate (at time zero)
	
	% / year

	
	Affected HCVII (both directions)
	
	average / day

	
	HCVIIs changed to HPMVs 
	
	average / day

	
	HCVII trips saved
	
	average per year

	7
	Economic efficiency

	
	Date economic evaluation completed (mm/yyyy)
	
	

	
	Base date for costs and benefits
	1 July 
	

	8
	PV cost of preferred option (from worksheet 2)



   $
	
	A

	9
	Benefit values (from worksheets 3 and 4)
	
	

	
	PV VOC & CO2 savings $
	
	C   x Update factor VOC
	
	= $
	
	Y

	
	PV accident cost savings     $
	
	D    x Update factor AC
	
	= $
	
	Z

	10
	BCRN =
	PV net benefits
	=
	Y  +  Z
	=
	
	=
	
	

	
	
	PV net costs
	
	A
	
	
	
	
	


Simplified Procedure for HPMV routes, continued
Explanation for worksheet 2
Costs
Worksheet 2 is used to calculate the present value of costs attributed to permitting HPMVs on the route. To convert costs from different years to base date values, use the update factors in appendix A12.2 of the NZTA’s Economic evaluation manual, volume 1.

1. Enter the total cost (including professional services for design and supervision) for bridge upgrade works in the total cost column on the line corresponding to the period of the over which construction will occur. The costs are assumed to be spread evenly over the construction period. Enter the average annual cost in the annual cost column. The costs are estimated separately on estimate sheets, which should be attached to this worksheet. Multiply the cost by the discount factor to calculate the PV. Transfer the PV value to (a).

2. Enter the annual cost of other activities in the lines corresponding to the years in which the costs will occur. Note that the last line is used for costs that occur uniformally from the end of year 14 to the end of year 30 – enter the cost per year in this line. The costs are estimated separately on estimate sheets, which should be attached to this worksheet. For each year, multiply the cost by the discount factor to calculate the PV. Sum the PV values and enter at (b).
3. Sum the PV of bridge upgrade and the sum of PV of other costs (a) + (b) to determine the PV of total cost. Transfer total to A on worksheet 1.

Simplified Procedure for HPMV routes, continued
Costs
Worksheet 2
	
	PV of estimated cost of bridge upgrade works (as per attached estimate sheets)

	
	Length of
construction period (years from time zero)
	Total
cost
$
	Annual
cost
$
	Discount factor (USPWF)
	Present
value
$
	

	1
	1
	
	
	0.96
	
	

	
	2
	
	
	1.85
	
	

	
	3
	
	
	2.68
	
	

	
	4
	
	
	3.44
	
	

	
	5
	
	
	4.15
	
	

	
	6
	
	
	4.81
	
	

	
	7
	
	
	5.41
	
	

	
	8
	
	
	5.97
	
	

	
	9
	
	
	6.49
	
	

	
	10
	
	
	6.98
	
	

	
	PV of bridge upgrade costs = $
	
	(a)

	
	

	
	PV of estimated cost of other activities (as per attached estimate sheets)
	

	
	Year in which activity occurs
	Activity
	Annual
cost
$
	Discount factor 
	Present
value
$
	

	2
	1
	
	
	0.93
	
	

	
	2
	
	
	0.86
	
	

	
	3
	
	
	0.79
	
	

	
	4
	
	
	0.74
	
	

	
	5
	
	
	0.68
	
	

	
	6
	
	
	0.63
	
	

	
	7
	
	
	0.58
	
	

	
	8
	
	
	0.54
	
	

	
	9
	
	
	0.50
	
	

	
	10
	
	
	0.46
	
	

	
	11
	
	
	0.43
	
	

	
	12
	
	
	0.40
	
	

	
	13
	
	
	0.37
	
	

	
	14
	
	
	0.34
	
	

	
	15 to 30
	
	
	3.13
	
	

	
	Sum of PV of other costs = $
	
	(b)

	
	PV of total cost
	

	3
	PV of total cost (a) + (b) = $
	
	A

	
	Transfer the PV of total cost to A on worksheet 1.
	


Simplified Procedure for HPMV routes, continued
Explanation for worksheet 3
HPMV VOC and CO2 benefits
Worksheet 3 is used for calculating the reduced VOC and CO2 resulting from freight being carried by HPMVs, instead of by heavy vehicles operating within normal mass and dimension limits. The cost savings result from removal of heavy vehicle trips from the route.
1. Enter the benefits available at time zero, the time to full benefits (when all bridge upgrading on the route is complete and vehicles have been adapted to carry the maximum HPMV loads), and the estimated freight tonnage growth rate.
2. Enter the data for each significantly different section of the HPMV route. AADT is for the total traffic stream, not just HCVs. 
3. Enter in column (a) the VOC, including CO2, cost per km from table 1 for each section of the HPMV route. In column (b) enter the number of HCV trips saved per year because freight is carried by HPMVs – this will normally be the same for all rows. Enter the length of each section in column (c). Multiply across the rows to get the VOC and CO2 savings for each section.
4. Sum these values to get the total VOC and CO2 savings per year for the route, (d).
5. Enter in (e) the discount factor for the estimated freight tonnage growth rate and start of benefits from table 2. The discount factors in table 2 are for 30 years from the time that full benefits are available and assume that the benefits increase linearly from 25% of full benefits at time zero. Tables applicable to other assumptions of start benefits are given at the end of this procedure.
6. Multiply (d) and (e) to give the present value of the VOC and CO2 savings C.
7. Transfer the present value of total VOC and CO2 savings for the preferred option to C on worksheet 1.

Table 1
HCVII vehicle operating costs including CO2 – in $/km (July 2008)
	% gradient
	Mean HCVII speed (over route section)

	
	10–30 km/h
	31–50 km/h
	51–70 km/h
	71–90 km/h
	91–105 km/h

	0
	1.82
	1.66
	1.69
	1.82
	1.97

	1 to 3
	1.93
	1.76
	1.79
	1.93
	2.09

	4 to 6
	2.43
	2.28
	2.35
	2.53
	2.72

	7 to 9
	3.13
	3.06
	3.21
	3.45
	3.70

	10 to 12
	3.79
	3.88
	4.14
	4.47
	4.78


Table 2
Benefit discount factors (DFB) for start benefits of 25% of full benefits
	Full benefits at
(years from time zero)
	Freight tonnage growth rate (% per year at time zero)

	
	0%
	0.5%
	1.0%
	1.5%
	2.0%
	2.5%
	3.0%
	3.5%
	4.0%

	1
	11.33
	11.89
	12.46
	13.03
	13.59
	14.16
	14.73
	15.29
	15.86

	2
	10.98
	11.55
	12.11
	12.68
	13.24
	13.80
	14.37
	14.93
	15.50

	3
	10.65
	11.21
	11.78
	12.34
	12.90
	13.46
	14.02
	14.59
	15.15

	4
	10.34
	10.90
	11.45
	12.01
	12.57
	13.13
	13.69
	14.25
	14.80

	5
	10.04
	10.59
	11.15
	11.70
	12.26
	12.81
	13.36
	13.92
	14.47

	6
	9.76
	10.30
	10.85
	11.40
	11.95
	12.50
	13.05
	13.60
	14.15

	7
	9.49
	10.03
	10.57
	11.12
	11.66
	12.20
	12.74
	13.29
	13.83

	8
	9.23
	9.77
	10.30
	10.84
	11.38
	11.91
	12.45
	12.99
	13.52

	9
	8.98
	9.51
	10.04
	10.57
	11.11
	11.64
	12.17
	12.70
	13.23

	10
	8.75
	9.27
	9.80
	10.32
	10.84
	11.37
	11.89
	12.41
	12.94


Simplified Procedure for HPMV routes, continued
HPMV VOC and CO2 benefits
Worksheet 3
	
	Timing

	1
	Start benefits
	
	% of full benefits

	
	Time to full benefits
	
	years from time zero

	
	Freight tonnage growth rate (at time zero)
	
	% per year

	
	Route

	
	Route
section
	AADT
	Section gradient
(%)
	Terrain type
(L, R, M – table 3)
	Mean HCV2 speed
(km/h)

	2
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	

	
	Vehicle operating cost and CO2 savings

	
	Route
section
	 HCVII VOC
including CO2
($/km, table 1)
(a)
	HCV trips saved/year

(b)
	Section length
(km)
(c)
	VOC and CO2 cost saving
per section
(a) x (b) x (c)

	3
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	4
	Total  VOC and CO2 savings per year for the route                                =$
	
	(d)

	5
	Discount factor, DFB (table 2)
	
	(e)

	6
	PV of total VOC and CO2 savings = (d) x (e)



  =$
	
	C

	7
	Transfer the PV of total VOC and CO2 savings to C on worksheet 1.


Simplified Procedure for HPMV routes, continued
Explanation for worksheet 4
HPMV accident cost savings

Worksheet 4 is used for calculating the accident cost savings resulting from freight being carried by HPMVs, instead of by heavy vehicles operating within normal mass and dimension limits. The cost savings result from removal of heavy vehicle trips from the route.
The calculation of accident cost savings for HPMV operation is based on accident rate analysis. The analysis assumes that the route from which heavy vehicles are removed is primarily rural, with a minimal number of intersections. If the route includes a significant proportion of travel in urban areas, the evaluator should use the procedures described in section 7.4 of the NZTA’s Economic evaluation manual, volume 2.

1. Enter in the name(s) of the section(s), the coefficient (b0) from table 3, the number of HCV trips saved per year (a), and the length of the section (b) for each significantly different road section on the route. Calculate exposure (c) by multiplying the number of HCV trips saved per year by the section length. Calculate reported injury accidents per year (AT) by multiplying the coefficient (b0) by exposure (c) then dividing this figure by 108.
2.  Calculate the total reported injury accidents per year for the route (d) by summing the AT values for the route sections.
3. Enter the cost per reported injury accident (e) from table 4.
4. Enter in (f) the discount factor for the estimated freight tonnage growth rate and time to full benefits from table 2 on page 6, or the tables applicable to other assumptions of start benefits given at the end of this procedure.
5. Calculate the present value of total accident cost savings D by multiplying the total reported injury accidents per year for the route (d) by the cost per reported injury accident (e) and by the discount factor (f). 
6. Transfer the present value of the accident cost savings for the preferred option to D on worksheet 1.
Table 3 Rural mid-block equation coefficients (b0) for heavy vehicle crashes

	Annual average daily traffic
(AADT)
	Coefficients b0 by terrain type1

	
	Level terrain

(0 to 3%)
	Rolling terrain

(3 to 6%)
	Mountainous terrain

(> 6%)

	≤ 4,000
	19
	40
	50

	> 4,000
	19
	19
	41


1The terrain type can be selected by section gradient. The gradient ranges shown should generally be maintained throughout the mid-blocks. Rolling or mountainous sections may contain parts with less steep gradients for short lengths without affecting the coefficient, provided that the lower gradient length is followed by another rolling or mountainous gradient.
Table 4 Heavy vehicle accident costs ($/reported injury accident – July 2006)
	Speed limit and location
	Accident Cost

	100 km/h near rural
	700,000

	100 km/h remote rural2
	1,030,000


2100 km/h remote rural roads are defined as carrying less than 1,000 vehicles/day and being more than 20 km from a town with a population of 3,000 or more.

Simplified Procedure for HPMV routes, continued
HPMV accident cost savings
Worksheet 4

	
	Accident cost savings

	
	Route section
	Coefficient

(bo, table 3)
	HCV trips saved/year

(a)
	Section length
(km)
(b)
	Exposure
(HCV km/yr)
(c)=(a) x (b)
	Reported injury accidents/year

AH=[bo x (c)]/108

	1
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	2
	Total reported injury accidents per year for affected route                   
	
	(d)

	3
	Cost per reported injury accident (table 4)



  $
	
	(e)

	4
	Discount factor (table 2, page 6)
	
	(f)

	5
	PV of accident cost savings = (d) x (e) x (f)



=$
	
	D

	6
	Transfer the PV of accident cost savings to D on worksheet 1.


Simplified Procedure for HPMV routes, continued
Explanation for worksheet 5
BCR and incremental analysis

BCR calculations
1. Under PV of benefits, enter the present value of the benefits for each option.
2. Under PV of costs, enter the present value of the upgrade costs for each option.

3. Calculate the national BCR by dividing the PV benefits by the PV costs.

Incremental analysis
4. Select the appropriate target incremental BCR from section A12.4 of Appendix A12 of the NZTA’s Economic evaluation manual.
5. Rank the options in order of increasing cost and compare the lowest cost option with the next higher cost option to calculate the incremental BCR.

6. If the incremental BCR is less than the target incremental BCR, discard the second option in favour of the first and compare the first option with the next higher cost option.

7. If the incremental BCR is greater than the target incremental BCR, the second option becomes the basis for comparison against the next higher cost option.

8. Repeat the procedure until no higher cost options are available that have an incremental BCR greater than the target incremental BCR. The highest cost option with an incremental BCR greater than the target incremental BCR is generally considered as the preferred option.

Simplified Procedure for HPMV routes, continued
BCR and incremental analysis
Worksheet 5
	
	

	
	BCR calculations
	Option A
	Option B
	Option C

	1
	PV of benefits

	
	Vehicle operating cost savings including CO2 reduction benefits
	
	
	

	
	Accident cost savings
	
	
	

	
	PV total benefits
	
	
	

	2
	PV of costs

	
	Bridge upgrade costs
	
	
	

	
	Other costs
	
	
	

	
	PV total costs
	
	
	

	3
	BCRN
	
	
	


	
	Incremental analysis

	4
	Target incremental BCR (from appendix A12.4)
	
	

	
	

	
	Base option for comparison
	Next higher cost option
	Incremental analysis

	
	Option
	Total
costs
	Total benefits
	Option
	Total costs
	Total benefits
	Incremental costs
	Incremental benefits
	Incremental BCRN

	
	
	(1)
	(2)
	
	(3)
	(4)
	(5)=(3)–(1)
	(6)=(4)–(2)
	(7)=(6)/(5)

	5
	
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	
	


Simplified Procedure for HPMV routes, continued
Supplementary discount tables
Discount factors may be interpolated between tables 2a, 2b and 2.
Table 2a
Benefit discount factors (DFB) for start benefits of 0% of full benefits
	Full benefits at
(years from time zero)
	Freight growth rate (% per year at time zero)

	
	0%
	0.5%
	1.0%
	1.5%
	2.0%
	2.5%
	3.0%
	3.5%
	4.0%

	1
	11.20
	11.77
	12.34
	12.90
	13.47
	14.04
	14.60
	15.17
	15.73

	2
	10.74
	11.30
	11.87
	12.43
	13.00
	13.56
	14.13
	14.69
	15.25

	3
	10.30
	10.86
	11.42
	11.98
	12.54
	13.10
	13.66
	14.22
	14.78

	4
	9.88
	10.44
	10.99
	11.55
	12.11
	12.66
	13.22
	13.77
	14.33

	5
	9.48
	10.03
	10.58
	11.13
	11.68
	12.23
	12.78
	13.33
	13.88

	6
	9.11
	9.65
	10.19
	10.74
	11.28
	11.82
	12.36
	12.91
	13.45

	7
	8.75
	9.28
	9.82
	10.35
	10.89
	11.42
	11.96
	12.49
	13.03

	8
	8.40
	8.93
	9.46
	9.98
	10.51
	11.04
	11.57
	12.09
	12.62

	9
	8.08
	8.59
	9.11
	9.63
	10.15
	10.67
	11.19
	11.71
	12.22

	10
	7.76
	8.27
	8.78
	9.29
	9.80
	10.31
	10.82
	11.33
	11.84


Table 2b
Benefit discount factors (DFB) for start benefits of 10% of full benefits
	Full benefits at
(years from time zero)
	Freight growth rate (% per year at time zero)

	
	0%
	0.5%
	1.0%
	1.5%
	2.0%
	2.5%
	3.0%
	3.5%
	4.0%

	1
	11.25
	11.82
	12.39
	12.95
	13.52
	14.09
	14.65
	15.22
	15.78

	2
	10.84
	11.40
	11.97
	12.53
	13.09
	13.66
	14.22
	14.79
	15.35

	3
	10.44
	11.00
	11.56
	12.12
	12.69
	13.25
	13.81
	14.37
	14.93

	4
	10.06
	10.62
	11.18
	11.73
	12.29
	12.85
	13.40
	13.96
	14.52

	5
	9.71
	10.26
	10.81
	11.36
	11.91
	12.46
	13.02
	13.57
	14.12

	6
	9.37
	9.91
	10.46
	11.00
	11.55
	12.09
	12.64
	13.18
	13.73

	7
	9.04
	9.58
	10.12
	10.66
	11.20
	11.73
	12.27
	12.81
	13.35

	8
	8.73
	9.26
	9.80
	10.33
	10.86
	11.39
	11.92
	12.45
	12.98

	9
	8.44
	8.96
	9.49
	10.01
	10.53
	11.06
	11.58
	12.10
	12.63

	10
	8.16
	8.67
	9.19
	9.70
	10.22
	10.73
	11.25
	11.76
	12.28












































































































Effective from 1 May 2010

