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Abstract 
In the master transportation plan for Greater Cairo conducted in 2002, a rail line was suggested to connect Ain Shams district by 10th of Ramadan city. Constructing such a large project requires a detailed assessment before taking the decision especially in a country with scarce resources such as Egypt. Therefore, the aim of this paper is to introduce a complete financial and economic evaluation for this project with a special concentration on the calculation of the social benefits using formulas that suit the Egyptian conditions. This is to help the decision maker to take the right action. The paper started with the description of the proposed scheme. This is followed by a discussion regarding the importance of this project appraisal. A detailed calculation and analysis of the project financial and social costs and benefits were then addressed. Results showed that the project is infeasible financially but it is highly feasible economically. This guides the government to encourage the investment in this and other similar projects.  The value of the government subsidy depends on the difference between the financial and economic results.    
1- Introduction 

To set a traffic and transportation plan for Greater Cairo, a master plan was conducted in 2002 (JICA, 2002). In this master transportation plan a rail line was suggested to connect Ain Shams district by 10th of Ramadan city.  This rail line is called the east wing in the master plan. Constructing such a large project requires a detailed assessment before taking the decision particularly in a country with limited resources such as Egypt. Therefore, the aim of this paper is to introduce a complete appraisal framework especially in the area of social benefits. This is to help the decision maker to take the right choice concerning that project.     

The suggested project was a railway link from Ain shams to 10th of Ramadan city, by utilizing a part of the existing ENR Cairo-Suez line. This suggested railway line is passing through Al-Salaam, Al-Oboor, Darb el hag, and Al-Shorooq cities (JICA, 2002).

The suggested line will be about 49.0 km length of which about 30 km using the existing ENR Suez line and the rest 19 km will be new railway line. The master plan study suggested a diesel car operation system for that project. This is because the construction cost for the electrified railway system is approximately double the cost of the non- electrified rail way system. Furthermore, as JICA stated, the modern diesel car has as high specification for efficiency and maximum speed as the electrified railway. Figure (1) shows the plan of the purposed line.
Figure (1): The purposed railway line
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2- Need for project appraisal 
Project appraisal is the process whereby a public agency or private enterprise determines whether a project meets the country’s economic and social objectives efficiently or not. Appraisal provides a comprehensive review of all aspects of the project and lays the foundation for its implementation after it has been approved and for its evaluation after it has been completed.
There are three main methods of evaluating a certain project: the financial, economic, and multi-criteria approach. Financial appraisal (FA) may be used to determine what funds are required and whether the enterprise is likely to be financially viable. The financial analysis focuses on the costs and revenues of the enterprise responsible for the project. This means that the FA concentrates only on the financial effects of the scheme from the investor point of view (Adler, 1987).
 Economic appraisal is a comprehensive framework that measures the actual or expected real impacts of a given transportation project on the society. These real impacts may be direct, such as revenue or costs of a project, or indirect, such as user and non-user benefits. In short, it considers all the social costs and benefits of the project. The economic appraisal deals with real prices which reflect the real scarcity value of the inputs not the market prices (Adler, 1987). 
Multi criteria decision making techniques move away from applying the question of which impacts should be measured and assessed, but how the preferred option should be identified. Once all of the relevant impacts of the alternative project have been assessed, the question is what are the ranking of the projects and what is the proffered scheme. The Multi criteria decision making techniques are developed for this issue, which involves introducing weights to reflect the relative priorities attached to the various outcomes associated with different courses of action (F. Al-Tony, 2000).
Project appraisal using multi-criteria decision approach is very limited. All projects are usually evaluated financially and economically. The project in hand was evaluated by JICA financially and economically. 
The economic evaluation for this project introduced by JICA missed some issues. It did not include accidents, air pollution, noise, and the vehicle operating savings. What is more, the methodology for calculating the travel time saving is not clear and requires modifications. All these points can affect the appraisal results and the decision may not be accurate. Therefore, it is decided to make a complete calculation for the project costs and benefits along the appraisal period. The paper concentrates on the calculation of the social benefits. 
In what follow, the project benefits and costs will be outlined briefly, after that it will be explained and calculated in details.

3- Data collection

Social benefits calculated in this paper are the reduction in travel time, accident, vehicle operating cost, and air pollution in addition to the financial benefits. Calculations of these benefits necessitate calculation of the traffic volume and speed. Therefore, it is decided to calibrate a speed flow relationship for Cairo-Ismailia Desert road. For this purpose, a data collection program is conducted in a normal work day. Two types of data are collected at the same time, the travel time and the traffic volume. 
The travel time is calculated in the field using two recorders one at each end of the road section. The length of the selected road section is enough to produce space mean speed (800 m). The observer at each road section end records the last three digits of the plat number of the vehicle and the time as the vehicle passes him using stopwatch and the type and color of each vehicle.
The traffic volume is collected at the same time using classified manual traffic count. 

4- Benefit and cost elements of the project 

For the purpose of applying the appraisal framework, project costs and benefits are calculated along each year of the appraisal period. This period ranges from year 2007, which is the suggested year of starting the construction, to year 2035 which is the year of the end of the project life period since the majority of the transportation project are evaluated for a period of 25-30 years (Adler, 1981).
Figure (2) explains project cost and benefit items. As shown in this figure, the costs and benefits are divided into financial part, which represent the direct impact of the project and social part which represent the indirect impact of the project. Following is a brief outlining of these costs and benefits. 
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Figure (2): Project benefits and costs
- Financial benefits: these include fare revenue, commercial and advertisements revenue, and the residual value of the train units after the project life time period.

 - Financial Costs: these include initial investment cost for construction, operating and maintenance costs, and the deprecation cost.

- Social Benefits: these are the indirect benefits of the project construction which is the effect of the railway line construction on the road movement. Since the construction of the rail line will improve the road traffic conditions. These items will include travel time saving on road, accident saving on road, vehicle operating cost saving on road, and air pollution and noise saving on road.
- Social Costs: these include the indirect social costs due to the project operation which are the travel time cost on the railway line, the accident costs on railway line, and the air pollution and noise costs due to train operation.

5-Detailed calculation for the project benefits and costs
Following is the detailed calculation of the afore-mentioned cost and benefit items. Financial costs and benefits related to the railway design were taken from Greater Cairo master plan 2002. Any other costs related to the appraisal framework especially the social one are calculated in details in the following sections.

5-1 Financial benefits 

a- Fare revenues 
The first item in calculating the project benefits is the fare revenue benefit.  The fare system suggested by the master plan is a distance-based system which is composed of a base figure plus another figure based on distance. This system can be shown as follows: 

2007: fare =LE.0.63+3p/km.

2012: fare =L.E.0.74+4p/km.

2022: fare =LE 1.00+5p/km.

The future fare revenue of the east wing rail line can be calculated based on the total passenger-km and the total number of passengers per day. Calculation of the total number of passengers per railway line per day requires estimation of the O-D matrix for the Greater Cairo based on suitable aggregate zonal level and mode choice models for the same region for each year of the appraisal period.  The total number of passenger-km and the total number of passengers were given by the master plan as shown in table (1) (JICA, 2002).
Table (1): Fare revenue benefits 

	
	2007
	2012
	2022

	Passenger- km/day
	2582000
	3593000
	12933000

	Daily passenger (million)
	0.095
	0.138
	0.472

	Revenue per day (LE. mi) 
	0.137
	0.246
	1.119

	Revenue per year (LE. mi)  
	50.1
	89.8
	408.4


Source: JICA, 2002
The fare revenue can be calculated per day and per year as shown in table (1). The fare revenue in each year was estimated using linear interpolation and extrapolation using estimated values given by the master plan in 2007, 2012, and 2022 along the project appraisal period. 
b- Commercial revenues 

Additional revenues come from ancillary sources related to the railway operation, such as advertisements on rolling stocks and stations in addition to commercial activities at stations. It is assumed in the master plan as a 6% of the operating fare revenues in the master plan. The annual commercial revenue is estimated by the same way of estimating the fare revenue as shown in table (7) (JICA, 2002).

c- Residual value 

All invested items will be considered to be depreciated along the project life time except the residual value. This residual value is appropriated in the last year of the project life as some investment items have longer useful lives than the project life especially additional invested items. This residual value was estimated by JICA to be LE1665million (JICA, 2002). 

5-2 Financial costs

a- Investment costs

The investment costs are divided into initial investment cost, additional investment cost, and re-investment cost.

- Initial investment cost 

This is the cost of construction of the track, the system of work, stations, depot workshops, rolling stock, land acquisition for depot and stations, engineering and construction management costs, local administrations, and other costs. These costs are estimated by JICA as Million LE 2399.8 (JICA, 2002).

- Additional and re-investment costs
An additional investment cost is required in the future to cope with the increased number of passengers. This additional investment cost mainly required in adding additional rolling stock. It will be required after 6, 10, and 13 years of operation. This additional investment cost was estimated as Million LE 266.2 after 6 years, Million LE 272.6 after 10 years, and Million LE 183.8 after 13 years of operations.   In addition, a re-investment cost is required after 20 years of operations to restore the aged items. This cost was estimated by JICA as LE Million 783. 

b- Operating and Maintenance Costs
 The operating and maintenance cost was estimated in the master plan based on labor and material costs. The material cost was estimated by dividing it into four categories of track maintenance, electric circuit maintenance, rolling stock maintenance and fuel. Estimation of these costs on annual bases along the project life time is made using interpolation and extrapolation as shown in table (7) (JICA, 2002).

5-3 Social benefits
 There are additional costs and benefits which affect the society as a whole due to the project construction. Benefits are shown in figure (3).
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Figure (3): Direct and indirect reduction in travel cost as a result of the project construction
The direct benefits affect the movers (train users) who move from road to the railway. Movers will gain a reduction in travel time, accidents, air pollution, and noise.

 The indirect benefits will affect the stayers (road users) who will stay using the road after the project construction. Stayers gain also a lot of benefits such as the reduction in travel time, accident cost, and vehicle operating cost, air pollution, and noise.

The social costs will be calculated in case of "with" and "without" the project; the difference among these costs is the social benefits. 
5-3-1 Travel time reduction
 The travel time benefits will be calculated by computing the difference between the travel time cost in the two cases "with" and "without". The travel time cost in "with" case will be the summation of the travel time cost for stayers on road and movers from road to train as shown in equation (2).
Travel time saving (TTS) = Travel time cost without (TTCO)- travel time cost with (TTCW)

TTS = TTCO-(TTCW stayers + TTCW movers ) ….………….(2)

The travel time cost in "without" case is calculated based on the following steps:
· The average annual daily traffic was collected for Ismailia Desert road (CID road) form 1988 to 2005 (GARBLT, 2006).

·  A linear regression model between the year and the AADT for CID road was found to be the best fit model. This forecasted model was calculated using SYSTATTM program. This model proved very good statistical tests (R2 is 0.981 and F-test is significant for all levels of services). The forecasted model shown in equation (3). AADT=3371 (year) – 6711110……… (3)
· The average annual daily traffic is forecasted using the previous estimated regression model for the period from 2008 to 2035, which is the appraisal period.

·  The average traffic composition on CID road was calculated using traffic count values collected as shown in table (2).

Table (2): Traffic composition in Ismailia Desert road 

	Simi trailer 


	Heavy truck 
	Bus 
	Mini bus 
	Micro bus
	Light truck
	Pick-up 
	taxi
	Auto car 
	Vehicle type 

	1.3
	1.9
	2
	3
	7.2
	13.7
	10.3
	3.8
	54.9
	% of traffic 


· The forecasted traffic volumes are converted to passenger car unit equivalent (PCU) using the PCU factor shown in table (3).
Table (3) Passenger car unit equivalent 
	Heavy truck with trailer
	Semi trailer
	Heavy truck
	Bus
	Mini bus
	Micro bus
	Light truck
	Pick up
	Taxi


	Auto

Car
	Veh.

Type

	2.72
	2.5
	1.89
	1.58
	1.18
	1.1
	1.57
	1.24
	1
	1
	PCU


Source: (ASR, 1989)

· The traffic distribution factors and the directional distribution factors among day hours are calculated using the complete traffic data on CID road on a normal work day (GARBLT, 2006). 
· The average annual daily traffic in PCU in each year is distributed in each hour of the day in each direction using the traffic distribution factors and the directional distribution factors. This distributed traffic is given in PCU/Hr/direction along the day in each year. 

· The average travel time per direction in 34 km (which is the affected distance on the CID road) is calculated using the following derived speed flow relationship for CID road to get the average travel time in each hour of the day in each year of the appraisal period.

· The collected data is analyzed to derive a regression speed flow relationship for CID Road. The result is shown in the following equation.

Speed =105.8 – 56.2 (v/c)0.25 ………..(1)

· This model proved a good statistical results (R2 is 0.625 and F-test is significant for all level of significances) 

· The value of time is estimated for each vehicle type as shown in table (4).
Table (4) Value of time for each vehicle type (LE)  
	Year 
	Average occupancy*
	2001
	2007
	2012
	2017
	2022

	Motorcycle 
	1.1
	3.2
	3.6
	4.13
	4.8
	5.6

	Car 
	1.9
	5.5
	6.2
	7.2
	8.2
	9.6

	Taxi
	4.4
	8.6
	9.7
	11.2
	13
	15

	Bus
	49
	95.6
	107.8
	124.5
	144.6
	166.6

	Minibus
	20
	39
	44
	50.8
	59
	68

	Microbus 
	14
	27.3
	30.8
	35.6
	41.3
	47.6


* Source: JICA, 2002

· Values of time given in table (4) are estimated based on wages rates methodology. The financial value of monthly worker income is taken as LE 665, 776, and 1038 for years 2007, 2012, and 2022 respectively for public modes users. The monthly working hours is taken as 176 (JICA, 2002). These values of time are adjusted by using an estimated factor related to trip purpose. This factor is assumed one for work trip purpose and 0.25 for other purposes. The 0.25 trip purpose adjustment factor for non-work trips is selected based on a discussion introduced by Adler, 1987. Adler assumed that this factor ranges between 0.5 and zero for developing countries. Therefore, it is taken as an average value which is 0.25. The trip purposes were classified in the master plan as 49% for work trips and 51% for other trips. The financial value of time was divided by 1.2 to get the economic value of time (JICA, 2002). This factor was determined based on the average amount of tax in Egypt. The unit time values per passenger are converted to unit time value in terms of vehicle mode by using occupancy by vehicle type.
· These values are interpolated and extrapolated to give the value of time for each vehicle type in each year along the appraisal period.
· Using the above derived traffic volume in each hour, the traffic composition factors, average travel time, passenger car unit factor, and value of time for each vehicle type, the total travel time cost without the project can be calculated in each hour along the day and then along each year of the appraisal period. This can be summarized by the following equations. 

Total cost = 
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TCi*VOTi ) * 365* Average travel time 
where 

Total cost: is the total cost in hour k in the day along a year; 

Vk: the traffic volume in hour k (vehicle/ hr);
TCi: the traffic composition factor for mode I;
VOTi : value of time for mode i. 
2- Travel time cost with the project 

A- Travel time cost for the stayers 

The travel time cost for the stayers in case of constructing the project is calculated according to the following steps: 

· The passenger traffic between stations is calculated in each year along the project appraisal period using the passenger traffic on the rail line given in the master plan in terms of (person/day/two directions). This traffic volume is converted to vehicle trips using the traffic composition factors and the average vehicle occupancy for each mode.

·  The traffic volume in passenger car unit was estimated using the traffic composition factors and the passenger car unit equivalent factors.

· The traffic volume on road in “with” case could be calculated by subtracting the equivalent traffic volume on the proposed rail line from the total traffic volume on the road in “without” case. This is done for each road section which is the equivalent length on road for each distance between every two train stations. 

· The total travel time cost in case of with the project for the stayers could be calculated following the same steps stated in case of “without” for each road section. 

B- Travel time cost for movers
The methodology for calculating the travel time cost for movers is as follows:

· The traffic volume between each two stations is estimated in each year of the appraisal period in term of passenger /day/ two directions.

· The passenger-km is calculated for each year between each two stations using the total number of passengers and the distance in km between each two station.

· Using the average speed of the train, the travel time for one km is calculated and then the travel time for each passenger-km can be used. 

· The value of time for the public transport users is estimated for each year using the estimated value of time using interpolation and extrapolation.

· The total travel time cost for rail line users can then be calculated.
· The travel time cost saving can be calculated by subtracting the time cost in "with" case from the value of time cost in case of "without project". The final saving in time is shown in table (8).

5-3-2 Accident saving benefits 

The second item in the social benefits is the benefits due to saving in accident costs. This saving will be calculated using the same methodology followed in calculating the travel time saving benefits. This means that, the accident cost in case "with" and "without" will be calculated. The difference between them will be the saving in accident cost. The accident cost in case of with the project will be calculated for both stayers on road and movers to train.

1- Accident costs before the project implementation 

The accidents cost in case of without the project is calculated according to the following steps:

· The number of fatal, injury, and damage accidents are calculated in each year using the following equation (Ahmed Hassan, 2004):
Y= e –5.3 + 0.61 * v…   For Fatal accident
Y= e –5.36 + 0.71 * v … For Injury accident

Y= e –4.75 + 0.51 * v…  For damage accident

where 

Y: Average accident occurrence (accidents / year / 100m) 

V: The average annual daily traffic in 1000Veh. / Lane
The total cost of accidents in case of without project is estimated in each year based on the value of fatal accident as LE 688135 and the value of injury accident as LE 147549 and the value of damage accident as LE 24900. The aforementioned cost is based on 2004 prices. These costs are scaled to give the accident cost for each year of the appraisal period using an average rate of enlargement derived from the household income rates given in the master plan. 

The value of fatal accident is calculated taking into consideration the following items:

· The value of human life or quality of this life.

· The lost output of the person either permanent or temporary.

· The suffering either from missing relatives or the pain of injury.

·  The cost of property damage.

·  Cost of traffic delay due to blocking the road by the accident.

·  The cost of the hospital care and occupation of a bed.

·  Administration cost due to police investigation. 

The value of human life is calculated using the present value of the total money consumed by the individual subtracted from the money gained by him introduced in the travel time analysis. This value is estimated to be 101147.4 L.E. This value is estimated for 33 year loss period of life and 10% discount rate (Ahmed hassan, 2004). The cost of human pain, grief, and suffering due to fatality was estimated by Ahmed Hassan using field survey as 165000 L.E. by applying the willingness to accept compensation technique. The cost of post – mortem is estimated as 300 L.E. The cost of injured person in a fatal accident is taken the summation of the cost of lost output of that person, the cost of pain and suffering of the injured person and his relatives, and the cost of health service. The lost output is estimated as 39 LE assuming 1.8 days as an average emergency period. The cost of suffering of the injured person and his relatives was estimated by Ahmed Hassan in the same field survey as 49300 LE. The average health cost was estimated by Ahmed Hassan (2004) which was almost 130 L.E. per accident. This figure was estimated based on interviews with hospitals mangers. Under the assumption that the traffic accident takes one hour and 500 m of the road and it takes one lane of the road. The value of cost of traffic delay is calculated by the researcher as 510.8 L.E. per accident. The property damage cost was estimated by Ahmed Hassan as 9900 LE. Taking into consideration the average number of fatalities per fatal accident is 1.8 and the average number of injuries is 3.8 the value of fatal accident can be calculated (Ahmed hassan, 2004).

The cost of injury accident is calculated by applying the same procedure and excluding the cost of fatality. In addition the average number of injured persons per injury accident is 2.78 (Ahmed hassan, 2004). The cost of property damage accident is estimated as the summation of three items. These items are the cost of property damage, the cost of suffering, and the administration cost.        
2- Accident costs after project implementation (for satyers) 

The accidents cost in "with" case is calculated using the same procedure of without case using traffic volumes for with case.  

3- Accident costs after project implementation for movers
The methodology for calculating the accident costs for train users is as follows:

· The train-km in each sector between stations can be calculated using values given in the master plan and is estimated for each year.

·  The rate of injured and killed persons, the cost of property damage for train, and the total delay for train for each 106 train-km due to accidents were given in Transport Planning Authority (TPA), 2003 as shown in table (5). 
Table (5): Cost items and rates for rail accidents 

	Value
	Items
	No.

	3.22 person/106   train-km
	No. of injured persons
	1

	4.18 person/106    train-km
	No of killed persons
	2

	6.56 min./ 106   train-km
	Total delay time
	3

	16975.52 L.E./ 106  train-km
	Property damage
	4


Source: (TPA, 2003)
· Using the above accidents rates and total train-km in each year, the number of injured and killed persons; property damage per year and the total delay for trains due to rail accidents per year were calculated. 

· The economic value for life for killed and injured person was estimated as LE 266447, LE 49519 (2004 prices) respectively by applying the same methodology explained in the previous section. The value of life for killed person in a train accident is taken as the summation of the value of life which is 101147.4 and the value of pain and suffering due to fatality was which is165000 L.E. the cost of injury is a train accident is estimated by the same method as the summation of the health care cost and the cost of pain and suffering. The train value of time is estimated as LE 957 for 2007 prices, LE 1397 for 2012 prices, and LE 2159 for 2022 prices considering the value of time for public transport user and the average train occupancy which is 435, 550, and 635 persons per train for years 2007, 2012, and 2022 respectively.

· Using the above estimated values, the cost of train users (movers) could be estimated.
· The total benefit due to accident saving is calculated by subtracting the accident cost in case of "with the project" from case of "without the project" as shown in table (8).

5-3-3 Vehicle operating cost saving 

In what follow, the vehicle operating cost (VOC) will be calculated in case of without the project and in case of with the project for stayers. 

1- Vehicle operating cost without the project 

· The average travel time in each hour along the day is calculated following the same method used in calculating the travel time reduction benefits and then the average travel speed can be calculated.

· The traffic volume in each hour along the day is estimated also in vehicle per hour. 

· Using these estimated data and the HDM-VOC program, the vehicle operating cost for each mode (VOCi) is estimated for 1000 km distance and then the total VOC for each year can be estimated using the following equation on a distance 34 km. (Gary Barnes, Peter Lang worthy, 2004). 

VOC =
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Vh*TCi * 365 * 34/1000 * VOCi (LE / year)

where 

VOC: is the total annual VOC along the road in LE;  

Vh:  traffic volume in hour h along the day veh./ hr; 

TCi: traffic composition factor for mode i; 

VOCi: VOC for mode i.

The estimated VOC was based on 2003 prices. Therefore, a magnification factor 5% along the year is used to convert to the certain year prices. The 5% value is suggested based on the comparison between the vehicle operating cost items at 2003 prices and 2007 prices.    

2- Vehicle operating cost in "with" case for stayers 

The same procedure was followed for calculating the VOC for stayers. The only difference was that the traffic volume was calculated in case of with the project in each road sector. The VOC was estimated for each road sector and then the total VOC was calculated.

Table (8) shows the vehicle operating cost saving which is the difference between the two cases. It is worth mentioning that, the operating cost for movers (train users) is introduced in the financial cost estimation and will be analyzed in the appraisal stage.

5-3-4 Air pollution and noise saving benefits 

Here after, air pollution saving will be presented. The noise saving benefits will not be considered because its effect is not that significant especially the case in hand is intercity travel. Here after, air pollution cost will be calculated in "without" case and in "with" case for stayers on road and movers to train. 

The air pollution cost in "without" case is calculated according to the following steps:

· The average traffic volume in case of without project is estimated in each year of the design period in (PCU/day).

· The air pollution damage cost is estimated for the Egyptian condition as 0.00055 LE/veh. km. This figure is estimated using air pollution damage cost given by David M. Levinson and David Gillen for Los Anglos region and scaling it by the percentage between the value of life in Los Angelus and Egypt. The value of life in Los Angelus is $2700000 and the value of life in Egypt is estimated as $46286.  (David M. Levinson and David Gillen, 1998, F. Al-Tony, 2001).  

·  The total air pollution cost in case of without project is estimated by multiplying the air pollution cost in LE/veh. km by the traffic volume in PCU/day by 365 by the road distance to give the air pollution cost in LE/year. This is done for each year of the design period. 

The air pollution cost in “with” case for stayers on the road was calculated by the same methodology except the traffic volume is calculated in case of with the project in each sector. 

The air pollution cost for movers to train is estimated as follows:
· The emission factor for diesel train engine was given by Fathy El-tony, 2001, for Egyptian conditions in terms of g/ passenger- Km as shown in table (6).

· The damage cost for each item is calculated in terms of LE/passenger-Km using air pollution damage cost given by David M. Levinson and David Gillen for Los Anglos region and scaling it by the percentage between the value of life in Los Angelus and Egypt. The total cost for each passenger-km in LE is calculated by getting the summation as shown in table (6).
Table (6): Cost of air pollution due to rail operation 

	Cost (LE/pass-km)

(a*b /1000)
	Health damage LE /kg (b)
	Rail Emission g/pas.-km (a)
	Type of emission

	9.4863*10-4
	0.0103
	92.1
	Carbon dioxide

	1.1528*10-4
	0.131
	0.88
	Nitrogen oxide

	3.844*10-7
	0.00062
	0.62
	Carbon monoxide

	4.394*10-5
	0.169
	0.26
	Hydro carbon

	1.10823*10-3
	Total


· The passenger-km between each two stations is calculated following the same method used in travel time cost calculations.

·  The total passenger-km is multiplied by the air pollution cost and scaled by 365 to give the cost in a year. Prices on 2004 were converted to each year prices by the same method used in VOC.

·  The air pollution reduction benefit can be calculated by subtracting cost in case of with from the cost in case of without. 
6- Financial appraisal framework 

The financial costs and benefits of the project are summarized in table (7) in market prices.
Table (7): Financial appraisal result (LE Million)
	`
	Invest.
	Fare  
	Commercial 
	Operating
	Residual
	Benefits
	Costs
	NPV*

	year
	cost 
	revenue 
	Revenue
	Cost.
	Value.
	
	
	

	 
	financial
	
	
	financial
	financial
	
	
	

	2007
	1200.00
	 
	 
	 
	 
	0.00
	1200.00
	-1090.91

	2008
	1200.00
	 
	 
	 
	 
	0.00
	1200.00
	-991.74

	2009
	 
	66.02
	3.96
	45.22
	 
	69.98
	45.22
	18.60

	2010
	 
	73.98
	4.44
	46.08
	 
	78.42
	46.08
	22.09

	2011
	 
	81.94
	4.92
	46.94
	 
	86.86
	46.94
	24.78

	2012
	 
	89.90
	5.39
	47.80
	 
	95.29
	47.80
	26.81

	2013
	 
	121.75
	7.31
	64.95
	 
	129.06
	64.95
	32.90

	2014
	 
	153.60
	9.22
	82.10
	 
	162.82
	82.10
	37.65

	2015
	266.20
	185.45
	11.13
	99.25
	 
	196.58
	365.45
	-71.62

	2016
	 
	217.30
	13.04
	116.40
	 
	230.34
	116.40
	43.93

	2017
	 
	249.15
	14.95
	133.55
	 
	264.10
	133.55
	45.76

	2018
	 
	281.00
	16.86
	150.70
	 
	297.86
	150.70
	46.89

	2019
	272.60
	312.85
	18.77
	167.85
	 
	331.62
	440.45
	-31.52

	2020
	 
	344.70
	20.68
	185.00
	 
	365.38
	185.00
	47.50

	2021
	 
	376.55
	22.59
	202.15
	 
	399.14
	202.15
	47.16

	2022
	183.80
	408.40
	24.50
	219.30
	 
	432.90
	403.10
	6.49

	2023
	 
	440.25
	26.42
	236.45
	 
	466.67
	236.45
	45.55

	2024
	 
	472.10
	28.33
	253.60
	 
	500.43
	253.60
	44.39

	2025
	 
	503.95
	30.24
	270.75
	 
	534.19
	270.75
	43.07

	2026
	 
	535.80
	32.15
	287.90
	 
	567.95
	287.90
	41.63

	2027
	 
	567.65
	34.06
	305.05
	 
	601.71
	305.05
	40.09

	2028
	783.00
	599.50
	35.97
	322.20
	 
	635.47
	1105.20
	-57.70

	2029
	 
	631.35
	37.88
	339.35
	 
	669.23
	339.35
	36.84

	2030
	 
	663.20
	39.79
	356.50
	 
	702.99
	356.50
	35.18

	2031
	 
	695.05
	41.70
	373.65
	 
	736.75
	373.65
	33.51

	2032
	 
	726.90
	43.61
	390.80
	 
	770.51
	390.80
	31.86

	2033
	 
	758.75
	45.53
	407.95
	 
	804.28
	407.95
	30.23

	2034
	 
	790.60
	47.44
	425.10
	 
	838.04
	425.10
	28.63

	2035
	 
	822.45
	49.35
	442.25
	1665.00
	2536.80
	442.25
	132.04

	FNPV
	-1299.911


       *The net present value
The total financial benefits and costs are shown in table (7). The financial net present value (FNPV) is getting to be negative with 10% discount rate (Fathy Al-Tony, 2001). This means that the project is not feasible financially. 

7- Economic appraisal framework
 Having applied the economic prices on the project appraisal items to get the economic values for the project cost and benefits, costs and benefits items are shown in table (8). 
Table (8): Economic appraisal results (LE Million)
	 
	Invest.
	Operating
	Residual
	Saving benefits in (LE mil./year)
	Benefits
	Costs
	NPV

	year
	cost.
	cost 
	value 
	VOC 
	travel
	accidents
	Air  
	
	
	

	 
	econo.
	economic
	econ.
	On road
	Time 
	 
	 poll.
	LE mil
	LE mil
	LE mil

	2007
	1000.0
	 
	 
	 
	 
	 
	 
	0.0
	1000.0
	909.1

	2008
	1000.0
	 
	 
	 
	 
	 
	 
	0.0
	1000.0
	826.4

	2009
	 
	36.6
	 
	342.6
	57.7
	2.6
	0.4
	400.6
	36.6
	273.5

	2010
	 
	37.3
	 
	390.7
	64.4
	37.2
	0.4
	458.1
	37.3
	287.4

	2011
	 
	38.0
	 
	442.9
	71.5
	84.1
	0.4
	552.0
	38.0
	319.2

	2012
	 
	38.7
	 
	499.4
	79.0
	146.9
	0.5
	663.0
	38.7
	352.4

	2013
	 
	52.6
	 
	590.0
	88.8
	214.0
	0.6
	826.3
	52.6
	397.0

	2014
	 
	66.5
	 
	688.7
	98.8
	308.8
	0.7
	1002.2
	66.5
	436.5

	2015
	230.4
	80.4
	 
	795.9
	109.4
	314.8
	0.8
	1214.9
	310.8
	383.4

	2016
	 
	94.3
	 
	912.5
	120.7
	366.6
	0.9
	1348.9
	94.3
	483.7

	2017
	 
	108.2
	 
	1038.9
	132.5
	420.8
	0.9
	1538.9
	108.2
	501.5

	2018
	 
	122.1
	 
	1176.0
	145.9
	477.4
	1.0
	1743.7
	122.1
	516.7

	2019
	235.9
	136.0
	 
	1324.4
	159.9
	536.7
	1.1
	1962.8
	371.9
	460.8

	2020
	 
	149.9
	 
	1466.2
	148.1
	598.6
	1.2
	2152.2
	149.9
	527.3

	2021
	 
	163.7
	 
	1636.5
	161.2
	663.2
	1.3
	2397.6
	163.7
	534.8

	2022
	159.1
	177.6
	 
	1820.4
	174.9
	730.7
	1.4
	2659.9
	336.7
	505.6

	2023
	 
	191.5
	 
	2018.8
	190.1
	801.2
	1.5
	2941.1
	191.5
	544.0

	2024
	 
	205.4
	 
	2232.7
	206.1
	874.6
	1.6
	3241.6
	205.4
	546.1

	2025
	 
	219.3
	 
	2463.3
	222.8
	951.2
	1.8
	3562.5
	219.3
	546.6

	2026
	 
	233.2
	 
	2711.5
	240.4
	1031.1
	1.9
	3905.0
	233.2
	545.8

	2027
	 
	247.1
	 
	2978.8
	258.7
	1114.2
	2.0
	4270.6
	247.1
	543.7

	2028
	664.3
	261.0
	 
	3266.4
	279.3
	1200.8
	2.1
	4662.0
	925.3
	459.0

	2029
	 
	274.9
	 
	3575.5
	300.9
	1290.9
	2.3
	5079.4
	274.9
	536.6

	2030
	 
	288.8
	 
	3907.8
	323.4
	1384.6
	2.4
	5524.5
	288.8
	531.6

	2031
	 
	302.7
	 
	4264.8
	346.9
	1482.1
	2.6
	5998.9
	302.7
	525.7

	2032
	 
	316.5
	 
	4648.0
	371.4
	1583.4
	2.7
	6504.3
	316.5
	519.2

	2033
	 
	330.4
	 
	5059.4
	397.0
	1688.7
	2.9
	7042.7
	330.4
	512.0

	2034
	 
	344.3
	 
	5500.7
	423.5
	1798.0
	3.1
	7616.0
	344.3
	504.2

	2035
	 
	358.2
	1395.8
	5495.5
	451.1
	1911.5
	3.3
	9143.7
	358.2
	553.8

	ENPV
	11112.5


The economic net present value (ENPV) using 10% discount rate is has a large value ( LE million 11112.5) which mean that the scheme is highly feasible from the society point of view and the investment in that project is highly desirable. 

8-Conclusion
It can be concluded from this paper that, there are a lot of benefits from the investment in the public transport schemes. These benefits include the direct and indirect reduction in travel time and the direct and indirect reduction in accident rates and the reduction in vehicle operating cost and the reduction in air pollution and noise. These benefits are affecting the society as a whole and should be taken into consideration in the assessment of the transport projects. Therefore, neglecting the indirect benefits from a certain public transport project may lead to wrong decision. This is clear from the case study in hand, hence, the project is not feasible from the investor point of view but it is highly feasible from the society point of view. This may lead to government subsidy for the investor. The value of subsidy may be taken as the difference between the financial and economic benefits. 
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