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I.
Introduction

The general objective of the Program is to improve the performance of the Peligre transmission system and provide reliable supply and secure power. The specific objectives of the Program are: (i) to rehabilitate the capacity of the 115-kilovolt (kV) transmission line from Peligre to Tabarre/Nouveau Delmas; (ii) to reduce transmission losses and power outages and (iii) minimize environmental and social impacts. The expected outcomes are: (i) rehabilitated power transmission capacity from Péligre Hydroelectric Plant to PAP; (ii) Peligre overhead line transmission losses reduced; (iii) power outages reduced on the Peligre transmission line; and (iv) minimized environmental and social impacts.

The monitoring and evaluation (M&E) plan presents: (i) monitoring indicators (ii) main indicators to follow-up on outcome achievements and (iii) the evaluation methodology chosen for assessing medium and long term impacts i.e. an ex-post cost benefit analysis (CBA). For evaluation and monitoring activities, a budget and work plan with a tentative schedule has been defined.

II.        Monitoring
a. Indicators

Outcomes and outputs are presented in the Result Framework. For each outcome and each output, an indicator was defined. Outcome and outputs indicators will be monitored and recorded in the PMR as the principal elements for monitoring and evaluating the Program HA-L1100 and HA-G1030. The indicators as well as corresponding formula and source of verification are detailed in the following table.


Table 1. Output Indicators
	Output
	Output Indicator
	Baseline 
	Target
	Verification Means 

	Investment in Peligre- 

Nouveau Delmas transmission 

line – engineering design and 
construction

	112-kV transmission line cable rehabilitated above ground
	 Maximum transmission capacity from Peligre to PAP
	0
	160
	EDH reports

	112-kV transmission line rehabilitated under ground
	Maximum transmission capacity from Peligre to PAP
	0
	160
	EDH reports

	Resettlement and social-related 
impact management 

	Houses relocated or affected by the Project 
	Maximum number of households relocated
	383
	13
	Resettlement plan

Monitoring Plan

	Audit, supervision and 

Administration

	Annual Supervision Plan
	Report
	1
	4
	EDH reports

Maintenance report

	Bi-monthly Progress Report
	Report
	3
	21
	EDH reports


In addition, the Bank is conducting ongoing supervision of project execution under the monitoring and supervision framework as set out in section of the POD (annual administration missions and semi-annual progress reports mainly) and where the Bank will assist the UCP and UTP on an ongoing basis. 

III.        Evaluation
a.        Main Evaluation Question(s)
The evaluation purpose is to assess the impact of the Program, which aims to improve the performance of the transmission line and provide reliable and secure power in Haiti considering that: (i) there is a link between outputs  from the implementation of the Program and (ii) that the Program’s ultimate objective is to achieve the specific outcomes presented.

The main evaluation questions of this Program are as follows:

(i) Has the capacity of the transmission line been rehabilitated?

(ii) Have outages and losses been reduced?

(iii) Were resettlement (including social and environmental) impacts minimized?

This M&E plan will provide information about the impact achieved by the rehabilitation measures and will as well provide the main lessons learned. Through this evaluation, the IDB will review compliance with targets established according to the result indicators agreed in the Result Framework and in accordance with IDB guidelines for development effectiveness for sovereign transactions.

b.        Existing Knowledge (previous evaluations, ex ante economic analysis)
An ex-ante economic analysis was carried out. The general methodology applied in all cases estimated net benefits by comparing the baseline situation with the expected scenario.  The ex-ante economic analysis was performed using a Cost Benefit Analysis (CBA). This analysis compared the two scenarii or alternatives without and with the Program in order to deduce the differential economic benefits and costs generated by the execution of the Program.

The methodology is as follows:
ASSUMPTIONS 
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.
BENEFITS

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 failures 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.

COSTS
1) 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.
2) 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 1, 25% in year 2, 25% in year 3 and 40% the year of commissioning. The resulting NPV of this cost is 26,542,916 USD.
3) 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.


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.

ECONOMIC RETURN
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 %

c.
Key Outcome Indicators
The key impact indicators as well as formula, frequency of measurement and source are described in the table below. These indicators will be assessed through the CBA in order to determine the level of achievement and the overall impact of the project.

Table 2. Outcome Indicators
	Outcome
	Outcome Indicator
	Formula
	Frequency of measurement
	Baseline
	Target
	Verification Means

	Rehabilitated power transmission capacity from Peligre Hydroelectric Plant to PAP
	 Maximum transmission capacity from Peligre to PAP
	Reactive power  compensation (15 MVAr)
	Annually 
	40
	160
	EDH reports

	Peligre overhead line transmission losses reduce
	Total power losses corresponding to the transmitted energy on the Peligre transmission line
	% % = Energy not billed (GWh) 
       Energy injected (GWh) at injection point(s)    
	Annually 
	4%
	3%
	EDH reports

	Power outages reduced on the Peligre transmission line
	 Total power outages on the Peligre transmission line corresponding the domestic electricity market
	# of outages decreased per year
	Annually
	12
	6
	EDH reports

	Minimized environmental and social impacts
	People resettled in conformity with resettlement plan 
	% of people resettled in conformity with Resettlement Plan
	Annually
	0
	100
	Resettlement plan

Monitoring Plan


d.         Evaluation Methodology
The final evaluation will consist of an updated ex-post cost benefit analysis (CBA) of the Program which will provide a qualitative and quantitative review of the outputs and outcomes obtained. 

The ex-post CBA methodology will follow the same methodology used on the ex-ante CBA (see section below). The evaluation methodology would estimate net benefits by comparing the situation with and without the Program. Therefore the approach used to conduct the ex-post CBA would be: (i) transmission line capacity rehabilitated; (ii) losses and outages reduced and (iii) environmental and social impacts minimized.  

The benefits and the costs will be updated based on the information that will be captured through the surveys (see last section below) and the additional corporate management systems and standards that are being implemented by EDH via HA-L1014 and HA-L1035 also financed by IDB.  In this sense, the following information would be updated: (i) number of km rehabilitated aboveground and underground; (ii) losses and outages; and (iii) number of households displaced. 
In addition a Project Completion Report (PCR) funded by the IDB, will be prepared 12 months after the funds have been fully disbursed and will be done through a before and after methodology. The PCR will evaluate results obtained by the Program and will include an ex-post cost benefit analysis (CBA) of the three PBP Programs. 
e.       Data collection and instruments 

The sources and the frequency of information are the following: 

(i) Periodic EDH reports which will provide the information concerning the available total capacity in the transmission system, the total number of km rehabilitated the number of towers rehabilitated and the level/number of losses and outages reduced. 

(ii) Resettlement Plan and Monitoring Plan

(iii)  ESMP 

(iv) IDB supervision mission and follow up reports

(v) Surveys which will collect households information regarding electricity reliability and security. It is expected that energy surveys are carried out in the last year of the Program’s execution and will be financed through Component III.  These surveys will provide valuable and updated information of the sector and will be key to update the ex-post CBA. These surveys will be developed with support of IDB consultants in coordination with the GoH.  

f.          Reporting evaluation results

The PCR and the CBA will be posted on the IDB website by December 2018, while progress reports will be post confidentially in IDBDOCSs.
g.         Evaluation coordination, work plan and budget
Mid-term Evaluation: A mid-term evaluation will be performed within 90 days once 50% of the total grant resources have been disbursed.
Final Evaluation: A final evaluation will be performed no later than 180 days after 95% of the proceeds have been disbursed.

The IDB will hire an independent consultant for preparing the mid and final evaluation. The budget allocated for the mid and final evaluation is estimated to US$50,000 that will be financed by IDB resources. The mid and final evaluation will be carried out in close coordination with EDH and the MTPTEC.  The beneficiary is responsible for cooperating with the IDB team and the consultant(s) hired by the IDB in all the matters related with the M&E activities of this program. 
	Activity
	2018
	Respon.
	Costs in USD
	Funding

	
	May
	June
	July
	Aug.
	Sept
	Oct
	Nov.
	Dec
	
	
	

	Energy surveys and report
	
	
	
	
	
	
	
	
	MTPTEC Energy Surveys
	$20,000
	IDB

	Ex-post CBA
	 
	 
	 
	 
	
	
	
	
	IDB
	$10,000 
	

	Additional data for Project Completion Report (PCR)
	 
	 
	 
	 
	
	
	
	
	IDB
	$20,000
	

	Total
	$50,000
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