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Cost Benefit Analysis
I. Introduction

This document aims at presenting the Cost-Benefit Analysis of the rehabilitation and improvement of overhead line between Port-Au-Prince and Péligre power plant.

The Peligre 115-kV transmission line has reached the end of its useful life. It was constructed in the seventies and needs to be rehabilitated to provide reliable and secure power to the Haitian capital. In the populated areas of Port-au-Prince as well as in the urban area of Mirabelais, its right-of-way (ROW) has been occupied by houses and businesses, thus requiring a new route. Where land is not available to create a new ROW, the line will be installed underground. The Mirebalais town will be bypassed by a new overhead line section. The new total length is 52 kilometers (km).

A transmission line, in general, has several significant boundary conditions that impact its design:

· Since live wires carry significant voltage and current, and close contact is a risk to life, minimum safety distances must be observed.  

· Also for security reasons, in private areas, the activities that can be performed under or close to the line are restricted. In addition, crews of the electricity company need to have full access to the line to perform maintenance activities. This implies that there is a restriction in domain, and therefore the owners of the land must be compensated. For the type of towers used for the overhead line section, a minimum ten meters distance on either side of the line must be clear. The area alongside the line that needs to be clear for safety and access reasons is called its right-of-way (or ROW).

· Since the ROW has been occupied, there are two options: (i) resettlement or (ii) building a new section of the line in the most populated sections. The Bank has significant experience in resettlements and the conclusion is that there is a lot of uncertainty in the times and costs of moving people from their houses and businesses. A cost figure has been defined for Haiti, but how much time it will take to move people is much less certain. Since the rehabilitation of the line must be in place before the rehabilitation of PHP, the project cannot risk having delays due to resettlement. The decision to minimize resettlement was made.

· Transmission lines are sensitive to operational and climatic conditions that take them out of service. Modern transmission systems operate with a back-up, meaning that when one circuit is out of service, the other can handle all the power transfer requirements. This condition is called N-1. PLT fulfills this requirement.

· Along the line, in the area of Morne a Cabrit, there is a quarry that produces construction materials. Mining activities have been too close to the foundation of some towers, risking their stability. A least-cost technical solution has been performed. It consists of reinforcing the foundations, as it is considered that a bypass of the mines imply that this problem might happen in the future in a nearby location. The current site has been fully exploited and the reinforcement is considered to be a permanent solution.

· Functionally, the rehabilitated line will perform the same function as the existing line, just with improved performance and resolution of the occupation of the ROW.[footnoteRef:2] [2:  	The available transmission capacity will increase from 70 to 80MW per circuit for two reasons: (i) the difference in costs for the underground cable, which is the main driver of the costs, between both ratings is marginal and therefore this rating was applied to the whole line; and (ii) a wind farm of 30-MW is planned to be built near the line in the medium term and the increase provide transfer capacity to this Program. Since the construction of a new line is much higher than the addition of this extra capacity, and the risk of damaging the existing line is significant, it makes economic and financial sense to add the additional capacity.] 

A consulting firm was hired to determine the condition of the line. It concluded that most foundations and tower structures are in good condition, being able to continue serving its functional purpose for an additional forty years, which is the expected life of the rehabilitated line and its associated PHP.

The rehabilitation consists of:
The replacement of conductors by new conductors with higher capacity and lower losses.
The replacement of the earth wire by an Optical Ground Wire. 
The replacement of the overhead line equipment (insulator chains).
Elimination of the instability risk of the towers affected by illegal mining.
Bypass in overhead line of town Mirebalais.
The length of the rehabilitated overhead line (including bypass) is 42.7 km.
Installation of the Péligre transmission line in the underground at Port-au-Prince:
· 2 circuits 80 MVA underground between substation Nouveau Delmas and Tabarre (2.6 km).
· 2 circuits 80 MVA underground between substation ND and Tabarre
(6.9 km).




The economic analysis will concentrate on the benefits provided by the line rehabilitation, which are basically a decrease of the power losses occurring during transmission as well as a better service to the consumers in Port-au-Prince thanks to an improved reliability of the transmission line. These benefits will be compared to the costs of the project in order to analyses the interest of the project for the Haitian power system.

II. Assumptions and Methodology
[bookmark: _Toc398126765][bookmark: _Toc398126773]The analysis compares the situation with the rehabilitation of the line with a “business as usual” scenario, where there is no rehabilitation.

The economic benefits of the project are estimated based on the technical parameters of the transmission line (detailed in Attachment 5), as well as a number of assumptions listed hereafter. 
The discount rate applied is the 12% IDB standard discount rate, and the lifetime considered for the project is 40 years, which is a standard value for lifetime of a power transmission line.

The assumptions used in the analysis are the following.

1) Assumption 1: Power production to be transmitted
The purpose of the transmission line is to transfer the power produced at the Peligre power plant to the zone of energy consumption, located in Port-au-Prince. The assumption retained in this study is that the Peligre power plant has a power capacity of 54MW and produces 320GWh per year.

Moreover, an additional power plant based on renewable sources is assumed to be installed and to inject power in the transmission line. The power capacity of this additional plant is assumed to be 30MW. 
These assumptions of power to be transmitted will allow to compute the energy losses on the line and to quantify the benefit of the better efficiency provided by the rehabilitation.

2) Assumption 2: Reliability of the transmission line
The reliability of the transmission line can be measures by the number of unplanned outages occurring during a year. The assumption retained in this study is that the number of unplanned outages of the existing line is 12 outages per year, of an average duration of 4 hours. The rehabilitation of the line would increase the reliability by lowering the number of unplanned outages to 6 outages per year, of average duration of 4 hours.

The number of unplanned outages has a direct impact on the unserved energy for the consumer, as defined by:

Unserved energy = Number of unplanned outages * Duration of outages * Power flow on the line

3) Assumption 3: Risk of major failure of the transmission line
At certain locations the existing overhead line is in a potential danger due to ground instability risk. When a major failure would occur long repair time, estimated at 30 days, will be unavoidable. The assumption is that such major failure on the existing line would occur two times in the coming 10 years, while the rehabilitation of the line would eliminate such a risk.

Such major failure of the transmission line would trigger important amount of unserved energy, as defined by:
Unserved energy = Duration of major failure * Power flow on the line

4) Assumption 4: Cost of power produced with thermal units and cost of unserved energy
Two different values for electrical energy are used in this study. For the energy that could be produced locally near Port-au-Prince using thermal power generation, the cost of 200 USD/MWh is used, which corresponds to the variable cost of a peak-load unit (e.g. open-cycle gas turbine) burning HFO. This value is used to quantify the reduction of power losses of the transmission line.

In order to value to unserved energy due to unplanned outages and major failure of the overhead line, a cost of unserved energy of 400 USD/MWh is used. This is a standard value for unserved energy in countries with low reliability of the electricity system, such India for instance (see table in Attachment 4). It is important to note that this assumption is rather conservative, the cost of unserved energy being much higher in many countries, as shown in Attachment 4.
III. Economic Benefits

The four main benefits of the rehabilitation of the line consist of the reduction of the power losses in the transmission system, the decrease of unserved energy due to unplanned outages, the elimination of the unserved energy due to major failure of the line, and sale of incremental energy from renewable sources thanks to the increase in transmission capacity. These benefits are detailed here below.

1) Economic benefit 1: Reduction of power losses
Thanks to the lower electrical resistance of the new conductor, the energy losses in the rehabilitated transmission line are much lower than the losses occurring in the existing line. The energy losses are computed thanks to the technical parameters of the line and the assumption on power to be transmitted. 
During the first five years, the reduction of losses amounts to 1 895 MWh/year. After 5 years, when the additional renewable plant starts operations, the reduction of losses reaches 4 557 MWh/year. These energy savings are valued at the cost of thermal generation, which gives a benefit of 379,029 USD/year for the first five years and then jumps to 911,384 USD/year.

The resulting NPV of this benefit from decrease in power losses is 6,275,327 USD.

2) Economic benefit 2: Decrease of unserved energy due to unplanned outages
The higher reliability of the rehabilitated line would decrease the unplanned outages by 50%, from 12 outages per year to 6 outages per year, with average duration of 4 hours. The volume of energy lost during these outages corresponds to the average hourly flow (41 MWh/hour), which means an energy saving of 986 MWh/year. Using a value of unserved energy of 400 USD/MWh, the benefit provided by the increased reliability amounts to 394,521 USD/year.

The resulting NPV of this benefit is 3,646,860 USD.

3) Economic benefit 3: Decrease of unserved energy due to avoided major failure
As discussed in the assumptions, the existing overhead line presents a substantial risk a major failure, leading to a repair time of 30 days during which the line cannot transfer the energy. Such major failure are expected to occur two times, in 5 and 10 years. The rehabilitation would eliminate that risk.

During each incident of 30 days, the average lost energy amounts to 41MWh/h*24hours*30days= 29 589 MWh. For these failures, it is supposed that half of the lost energy will be replaced by thermal generation valued at 200 US$/MWh. The rest of the lost energy is not supposed to be compensated and is valued at 400 US$/MWh (cost of unserved energy). The resulting benefit is 8,876,712 USD/MWh, occurring after 5 years and 10 years.

The resulting NPV of this benefit is 7,894,949 USD.

4) Economic benefit 4: Sale of incremental energy
Additional transmission capacity is needed in order to ensure safe operations of the line after connection of the additional renewable power plant 5 years after rehabilitation. Indeed, in the N-1 situation the line would not be able to transfer the full power output from the production site to the consumption area, leading to important issues and risk of black-out. The rehabilitation of the line increases its transfer capacity by 9.6MW (conservative view). Using a cosφ of 0.8 and 6000 hours of full load generation, the additional power transmitted in safe conditions corresponds to 9.6MW*0.8*6000h = 45,892 MWh. 

Valued at the cost of thermal generation, the resulting benefit is 9,178,484 USD/MWh per year.
The resulting NPV of this benefit is 47,787,108 USD.
IV. Economic Costs
The costs associated to the project are: (i) technical costs, (ii) resettlement costs, (iii) implementation and supervision costs, and (iv) operations and maintenance costs. 
The technical costs amount to 21,087,495 USD. A very detailed breakdown of the technical costs is presented in Attachment 1. The resettlement costs amount to 1,020,478 USD, and the implementation and supervision costs are estimated have been estimated at 1,500,000 USD.

The total investment cost is 23,607,972 USD. This is spread over the years before the commissioning of the project, the repartition being 10% in year -3, 25% in year -2, 25% in year -1 and 40% the year of commissioning (year 0). The resulting NPV of this cost is 26,773,632 USD.

The maintenance cost for an overhead line include the cost for sporadic replacement of line parts like insulators and steel bars, removal of tree branches and repairs of the galvanization or painting on the towers. Based on a typically 1% on the technical value of the infrastructure the 0&M costs for an overhead line are valued at 2,000 USD/km/year. This is valid for both the existing line and the rehabilitated one.  The distance of the existing overhead transmission line is 50.7 km, while the distance of the overhead portion of the rehabilitated transmission line is 42.7 km. Given that the new overhead line is shorter than the existing one by 8 km, the O&M cost of the overhead portion is reduced by 8km*2,000USD/km/year = 16,000 USD/year.  On the other hand, the rehabilitated line has a portion made of underground cable, which has specific O&M costs. Maintenance cost on cable includes the purchase of spare cables and accessories preventing long supply times in case of failure or incidents. The maintenance cost for the underground section is valued at 20,000 USD/year including supply for spare equipment and contract for maintenance, and a 60,000 USD major repair cost occurring every 10 years.

The resulting O&M cost of the rehabilitation project is 85,400 USD/ year + 20,000 USD/year = 105,400 USD per year; to which 60,000 USD have to be added on a punctual basis every 10 years.[footnoteRef:3] [3:  Calculations are as follows: The O&M cost of an overhead line is estimated at 2,000 USD/km/year. The O&M cost for the underground cable is estimated at 20,000 USD/year + 60,000 USD every 10 years. The distance of overhead line of the existing line is 50.7 km. Therefore, the O&M cost of the existing line is 50.7 km * 2,000 USD/km/year = 101,400 USD per year. The distance of overhead line of the new line is 42.7 km. Therefore the O&M cost for the overhead portion of the new line is 42.7 km * 2,000 USD/km/year = 85,400 USD per year. On top of this, the O&M costs for underground cable have to be added: 20,000 USD per year + 60,000 USD every 10 years.  Therefore the total O&M cost for the new line is 85,400 USD/ year + 20,000 USD/year = 105,400 USD per year; to which 60,000 USD have to be added on a punctual basis every 10 years.  What matters for the analysis is the difference in O&M cost between the two situations.  Therefore, for a “normal year”, the difference in O&M cost (the extra O&M cost due to the project) is the total O&M cost of the new line minus the total O&M cost of the existing line, so 105,400 USD – 101,400 USD = 4,000 USD per year. (Every 10 years, this figure becomes 4,000 + 60,000 = 64,000 USD).] 


Operation costs for overhead line and underground line include the supervision and inspections along the routing of the line. Underground cables must undergo a yearly electrical test. The cost of operation is valued at the cost of two 2 equivalent full-time manpower, but are the same for each situation (existing line and new project rehabilitated overhead line partially underground) and are therefore excluded from the analysis, since they offset each other.


V. Economic Returns
The following economic indicators were obtained for this line rehabilitation project:
a. NPV benefits @12%: 65.6 million USD
b. NPV costs @12%: 26.8 million USD
c. NPV project @12%: 38.8 million USD
d. B/C Ratio: 2.44
e. IRR: 21.5 %

The table below presents the NPV breakdown. Details of the calculations are presented in Attachment 3:
	Description of Cost/Benefit
	
	NPV

	(i)	Investment costs 
	US$
	-26,773,632

	(i)	O&M costs
	US$
	- 65,161

	(iii)	Economic benefits from the decrease in power losses in the transmission system
	US$
	+6,275,327

	(iv)	Economic benefits from the increased reliability
	US$
	+3,646,860

	(v)   Economic benefits from the avoided major failure of the overhead line 
	US$
	+7,894,949

	(vi)	Sale of incremental energy (if any)
	US$
	+47,787,108

	NPV
	US$
	+38,765,451



VI. Sensitivity analysis 
A sensitivity analysis was carried out with the following variable parameters:
a. 20% increase of investment cost
b. A decrease in the value of unserved energy from US$400/MWh to US$300/MWh 
c. A delay of 5 years in the commissioning of the additional renewable power plant and hence of the benefits associated to this (sales of incremental energy).

The result of the sensitivity analysis is presented in the table below.

All these sensitivities showed the robustness of the results to the variation of the parameters. The profitability of the project should be ensured even in a more unfavorable environment.
	Sensitivity
	NPV (USD)
	ERR 

	(i)	20% increase in investment cost
	33,410,724
	19.3%

	(ii)	Value of unserved energy 300 USD/MWh
	36,537,911
	21.0%

	(iii)   Delay of 5 years for additional hydro power plant
	17,738,459
	16.2%



VII. Conclusions
The Cost Benefit Analysis as well as the sensitivities confirms the economic interest of the project, therefore the recommendation is to finance the operation.




Attachment 1: Technical Cost – Detailled Breakdown 
 
 
Attachment 2: Total Investment Cost


Attachment 3: NPV and IRR Calculation
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Attachment 4: CUE Estimates

	[bookmark: RANGE!A1:D24]Country 
	Approach 
	CUE Estimates
	Key Literature 

	
	
	[USD/kWh]
	

	Australia 
	Survey-based methodology
	44.21
	CRA (2002), 

	
	
	
	CRA (2007), 

	
	
	
	Monash (1997) 

	Canada (Ontario) 
	Survey-based methodology
	22.6
	Bhavaraju (2004) 

	
	
	
	Ontario Hydro (1980) 

	Chile 
	Combination of survey-based method and analytical modelling
	0.77
	Bernstein and Agurto (2002) 

	
	
	
	Serra and Fierro (1998) 

	France 
	Survey-Based Methodology
	35.62
	RTE-France (2011)

	India
	Combination of survey/WTP method
	0.42
	TERI (2001)

	
	
	
	Srivastava et al (2003)

	Ireland 
	Direct production function
	58.91
	Tol (2007), CER (2007) 

	Sweden 
	Willingness-to-pay survey in combination with choice analysis 
	16.31
	Carlsson 

	
	
	
	Martinsson (2004, 2008)

	Thailand 
	Customer damage cost function developed to evaluate the customer damage model 
	1.84
	EPPO (2001) 

	The Netherlands 
	Production function approach
	45.21
	Nooji et al (2006) 

	United Kingdom 
	Survey methods
	16.84
	Cramton and Lien (2000) 

	European Center West Europe Market
	Maximum allowed trading bid
	3.9
	 

	
	
	(3€/kWh)
	

	United States 
	Wide range of methods - Majority being survey-based methodology coupled with econometric modelling 
	44.91
	Layton and Moeltner (2004)

	
	
	
	Woo and Pupp (1992)

	
	
	
	Bhavaraju (2004)

	
	
	
	Woo et al (1991) 





Attachment 5: Technical Data used in the computations
1. Characteristics of the project cost:
d. Technical cost: 21,087,495 USD. The breakdown is as follows, and is further detailed in Attachment 1:
i. Supplies and installation of conductors and OPGW, insulator chains and fitting equipment: 3,277,275 USD
ii. Repairs on towers, supplies and erection of of complete towers, paintings: 475,612 USD
iii. Civil works: 472,000 USD 
iv. Geotechnical works: 1,305,000 USD
v. Underground links: 10,021,540 USD
vi. Substation works: 315,000 USD
vii. Other: 2,004,331 USD
viii. Contingency (18%): 3,216,736 USD
e. Resettlement cost: 1,020,478 USD
f. Implementation and Supervision cost: 1,500,000 USD
g. The investment cost of the project are scheduled over a 4-year period before commissioning:
i. 10% in year 1;
ii. 25% in year 2;
iii. 25% in year 3;
iv. 40% in year 4.
2. [bookmark: _GoBack]Characteristics of the transmission line:
h. System voltage: 115kV
i. Number of circuits in operation: 2
j. Length Peligre-PoP: 50.7 km
k. Length Artibonite-PoP: 40.9 km
l. Length cable: 9.4 lm
m. Temperature of overhead line conductor: 55°C
n. Temperature of cable conductor: 45°C
o. Resistance of existing line conductor at 55°C: 0.3 ohm/km
p. Resistance of new line conductor at 55°C: 0.27 ohm/km
q. Resistance of new cable at 45°C: 0.066 ohm/km
r. Number days overhead line is operated with 2 circuits in operation (N-situation): 351 days/year
s. Number days overhead line is operated with 1 circuit in operation (N-1 situation): 14 days/year
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