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Abstract

The analytical challenges in evaluating the impacts of transmission line
Investments have vexed practitioners and electricity market regulators. The
purpose of this study is to provide a guideline for improving the accuracy and
predictability of the impacts of electricity rehabilitation projects. The subject is
too broad to address completely here. The proposed guideline is suitable for
evaluations of such project implemented in a broken electricity network. In
such case, the demand for electricity is deterred, the supply of the electricity 1s
unreliable, and the system 1is far away from its least-cost optimum
production/consumption level.

The guideline does not rebut the catalog of existing evaluation models or
approaches. The guideline utilizes them for a reasonable ex-ante assessment to
1dentify “good” projects that satisfy the economic and public objectives of the
economy. An integrated cost-benefit analysis (CBA) framework is
recommended to appraise such projects along with allocating the impacts to
stakeholders in a manner that is commensurate with the net benefits they
receive. Such an integrated analysis is much more than a set of procedures for
estimating the expected net present values or rates of return of the project.
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Abbreviations and Acronyms

bbl Barrel (of crude oil)

CaF Capacity Factor

CBA Cost-Benefit Analysis

CSCF/CF  The Commodity Specific Conversion Factor /Conversion Factor
ED Economic Dispatch

EDH Electricité d'Haiti (Haiti Electricity; Electricity Utility in Haiti)
EIRR Internal Rate of Return (Economy)

EOCK Economic Opportunity Cost of Capital

EOCL Economic Opportunity Cost of Labor

GDP Gross Domestic Product

FEP Foreign Exchange Premium

HFO Heavy Fuel Oil

HRF Haiti Reconstruction Fund

HTG/gdes Haitian Gourde / gdes

IDB Intern-American Development Bank

IPP Independent Power Producer

kg Kilogram

kV Kilovolt

kW Kilowatt

kWh Kilowatt-hour

MC Marginal Cost

MTPTC Ministry of Public Works, Transportation, and Communications
MVA Megavolt Amp

MW Megawatt

NPV Net Present Value (PV = Present Value)

NTP Non-Tradable Premium

0&M Operation and Maintenance (Costs)

PAP Port-au-Prince

PHP Péligre Hydro Plant

PPA Power Purchase Agreement

T&D Transmission and Distribution

US$ United States Dollar

USAID United States Agency for International Development
WB World Bank

WTP Willingness-to-Pay
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Summary

The analytical challenges in evaluating the impacts of transmission line
Investments have vexed practitioners and electricity market regulators. The
purpose of this study is to provide a guideline for improving the accuracy and
predictability of the impacts of electricity rehabilitation projects. The subject is
too broad to address completely here. The proposed guideline is suitable for
evaluations of such project implemented in a broken electricity network. In
such case, the demand for electricity is deterred, the supply of the electricity 1s
unreliable, and the system 1is far away from its least-cost optimum
production/consumption level.

The guideline does not rebut the catalog of existing evaluation models or
approaches. The guideline utilizes them for a reasonable ex-ante assessment to
identify “good” projects that satisfy the economic and public objectives of the
economy. An integrated cost-benefit analysis (CBA) framework is
recommended to appraise such projects along with allocating the impacts to
stakeholders in a manner that is commensurate with the net benefits they
receive. Such an integrated analysis is much more than a set of procedures for
estimating the expected net present values or rates of return of the project.

The proposed methodology is applied to the Péligre electricity transmission line
rehabilitation investment project in Haiti, which is an aid-financed project by
the Inter-American Development Bank through the Haiti Reconstruction
Fund. The objective of the proposed rehabilitated transmission line is to
provide additional energy to the electricity utility. This would be achieved
through improved transmission efficiency and increased transmission capacity.
Thus, saves from production costs during off-peak, earns incremental revenues
from the sale energy during peak load, and saves some transmission
investment costs (i.e. avoided transmission costs) for the future system
expansion in genera tion.

The financial and economic analysis has confirmed that the project is a viable
and sustainable investment for the electric utility in Haiti (EDH) and economy
of Haiti. The expected financial NPV of the project is HTG 2,748 million (=US$
50 million), using a real discount rate of 8%. The expected economic NPV of the
project is estimated at HT'G 1,712 million (2US$ 31.5 million), using an EOCK
of 8% real. Its EIRR is 18%. Therefore, the economic analysis confirms that the
project will improve the overall well-being of Haitian residents if it is
implemented.

When externalities from the project are allocated to the impacted groups of
people, consumers will gain by HTG 544 Million (2US$ 9.9 million) and local
labor will gain by HTG 23 Million (US$ .41 million). The potential loser is the
gov't of Haiti. The gov’t will lose tax revenues by HTG 427 Million (US$ 7.8
million), and the other projects will have less access to funds by an amount of
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about 1,175 (US$ 21.4 million). Since operations of the electric utility, the gov’t
of Haiti has financed EDH, the project is also viable from the government’s
point of view.

The results from risk simulations also suggest that there is a very limited risk
of financial and economic outcomes for the project. The Inter-American
Development Bank and Haiti Reconstruction Fund are justified in providing
grants for financing the implementation of the project, thus providing
substantial returns with a zero risk of loss for both the electric utility and the
economy in general.
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1. Introduction

Haiti, officially the Republic of Haiti is a low-income Caribbean country. It
occupies the western, smaller portion of the island of Hispaniola, while the
Dominican Republic controls the rest of the land. Haiti remains the poorest
country in the western hemisphere with a significant lack in basic services. As of
2015, nominal GDP per capita reached only US$ 818 and annual economic
growth rate was always below the average of low-income countries (WB, 2016).1
According to the latest household survey conducted in Haiti, more than 6 million
people (equivalent to 60% of the total population) live below the US$ 2.42 per day
national poverty line of earning and over 2.5 million (equivalent to 25 % of the
total population) of people live under the US$1.23 per day national extreme
poverty line of earning (ECVMAS, 2012).2

The educational, health and welfare benefits associated with access to affordable,
reliable and sustainable energy is substantial, and the lack of these services often
has adverse effects on economic growth, development and poverty reduction. The
main hallmarks of poverty in relation to energy in Haiti are very low coverage of
electrification, unreliable and costly supply of electricity. An insufficient and
inefficient generation capacity, aging and poorly maintained transmission and
distribution systems, and heavy reliance on traditional biomass use are the main
characteristics of the energy sector (Ochs et al. 2015; Lucky et al. 2014). 3 Therefore,
the energy sector of Haiti is currently facing two fundamental challenges: a
broken power grid and a high dependency on charcoal.

The government of Haiti, with the support of donor communities (e.g. WB, IDB,
USAID), has taken several initiatives to rehabilitate and modernize the power
sector.4 On December 2014, Inter-American Development Bank (IDB) and Haiti
Reconstruction Fund (HRF) agreed to provide financial assistance in the form of
grants for the rehabilitation the Péligre Transmission Line.5 The general
objective of the program is to improve the operational performance of the Péligre

1 For other growth and development indicators, visit
http://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=HT

2 For complete survey data, see ECVMAS (2012),
http://www.ihsi.ht/pdf/ecvmas/ecvmas_metadonnees/0_ECHANTILLON/O_ECVMAS_Plan%20E
chantillonnage_28052013.pdf

3 More than 90 percent of energy needs in Haiti are met through the use of firewood and charcoal.
Most of the fuel-wood and charcoal are mainly used for cooking purposes and regarded as 'free'
good in Haiti (i.e. lack of forestry ownership). Charcoal is made from natural trees, so they
produce energy at a low conversion of energy content. Besides, the efficiency of stoves (mainly
open) is very low (around 22% for traditional stoves and 30% for improved charcoal stoves).
Therefore, heavy use of the fuel wood for cooking and production of charcoal, without systematic
regeneration, causes further deforestation in Haiti. The increased siltation from deforestation
threatens eco-system as well as hydropower production in Haiti. Therefore, as part of clean
energy initiative, Haiti needs to encourage and promote the use of energy-efficient stoves.

4 Also see post-disaster needs assessment study of Gov’t, (PDNA), 2010. Action Plan for the
National Recovery and Development of Haiti, Annex for the energy sector.

5 For complete list of documents related to project, from loan approval to project feasibility
study, visit http://www.iadb.org/en/projects/project-description-title,1303.html1?id=HA-1.1100
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transmission line for more efficient and reliable electricity system. The specific
objectives of the project are (1) to rehabilitate the capacity of the 115-kilovolt (kV)
transmission line from Péligre to Tabarre/ Nouveau Delmas, (i1) to reduce
transmission losses and power outages, and (i11) to minimize environmental and
social impacts. The project will rehabilitate the power system operation's
reliability and efficiency, and enhance transmission capacity. Therefore, the
benefits of this project will be in the forms of (i) incremental energy saving
through reduction of transmission line losses due to the higher capacity of the
transmission line and (i1) incremental benefits through the additional power to
be delivered by the additional transmission capacity.

The purpose of this feasibility study is first to identify the relevant costs and
benefits of the proposed program (hereafter ‘project’) and quantify them in
monetary terms. Secondly, it seeks to allocate the various impacts that accrue to
the groups involved. The analysis of the program is carried out through an
integrated social cost-benefit analysis, an approach that covers the evaluation of
the financial, economic, stakeholder and risk aspects of the program in a single
consistent model. The analysis compares the situation with the rehabilitation of
the line with a “business as usual” scenario, where there is no rehabilitation (i.e.
“without” project). The analysis is performed from the incremental costs and
incremental benefits in single cash/resource flow statement, reflecting the future
“with” the project against the future “without” the project. The sustainability of
such programs is also examined to determine the risk factors that affect the
performance of the Program.

This report presents the integrated analysis of the proposed transmission
rehabilitation project which will help in answering the following questions:

1. Isthis project viable for the electric utility? What are the incremental cash
flow implications for the electric utility?

2. What is the overall contribution of the project to the Haitian economy?

3. Who are the different stakeholders affected by the project and how much
do they benefit or lose?

2. Electricity Sector in Haiti
2.1 Overview

The state-owned electric utility, Electricité d'Haiti (hereafter EDH), was
established in 1971. It is currently in charge of transmission, distribution and
commercial activities of electricity across the country. In terms of the
institutional set-up, the electricity sector falls under the Ministry of Public
Works, Transports, Energy and Communications (MTPTC), which has the
authority to develop and implement the energy policy. It also monitors the
financial side of the state-owned utility EDH, responsible for regulating and
facilitating the energy infrastructure investments in Haiti.



Figure 1. Electricity Network of Haiti
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The Haitian energy network does not have a single centralized transmission
and distribution system but rather operates with nine isolated regional grids
without any interconnection between them. The largest of the nine 1s Port-au-
Prince (hereafter PAP). The Port-au-Prince metropolitan area includes most of
the Quest province, and it is the only grid with an integrated distribution
network. The 115/69 kilovolts network and substations are interconnecting the
Carrefour Central, Varreux and Péligre generation stations to serve the
metropolitan area. (See Figure 1).

As of December 2015, the total installed generation capacity in PAP network
was around 255 MW. About 80 percent of it was based on fuel-inefficient small
diesel engines burning mostly gas oil and a few burning heavy fuel oil. The
diesel power plants run at a very high cost as these plants run mostly with a
very low fuel efficiency coupled with the high cost of fuel imports. The heavy
reliance on fossil energy in electricity generation also makes the country
particularly vulnerable to rising oil prices.

Figure 2. Electricity Generation by Fuel Sources

== Electricity production from hydroelectric sources (% of total) == amElectricity production from oil sources (% of total)

100

Source: IEA Statistics 2015

Available (firm) capacity, however, is less than the installed capacity due to the
aging of generation plants with a weak maintenance schedule of the plants.
Out of 255 MW installed capacity, however, the total firm (available) capacity
was only about 185 MW (see Table 1). This firm capacity is insufficient to meet
current estimated peak load demand of more than 250 MW in the metropolitan
area This results in frequent load-shedding and service interruptions.

The demand projection studies for Haiti predict that the net peak demand will
grow between 5%-10% annually. Therefore, it is estimated to reach 750 MW in
2030 (Ochs et al. 2015, p.45-46), and might even reach up to 1 GW (Lucky et
al. 2014, p. 24, 93). Therefore, the gap between demand-supply will narrow if
generation expansion is progressive and faster than peak demand growth.



Table 1. Electricity Supply Characteristics in PAP — December 2014

Station

Plant Type

Ownership

Installed Capacity
(MW)

Firm Capacity
(MW)

Fuel Consumptions
(liter/kWh)

CO2
Emission
(g/kWh)

Sources: EDH, 2014; Lucky et al. 2014, p.25; IDB 2010

9 Capacities (MW), fuel consumption (liter/kWh) and emission intensity (gram/kWh) of generation units are adjusted by the author.

10 Varreux I is owned by the EDH, but rehabilitated and operated by the private IPP; SOGENER.

5

Péligre Hydro EDH 3x 18 MW =54 MW 50 MW Water level (rainfall) *negligible
Carrefour I Diesel Thermal EDH 5x 7.9 MW =395 MW | --- Gasoil; 0.310 liter/kWh 0.824
Diesel Thermal EDH 1x10.3MW=10.3 MW | 10 MW Gasoil; 0.310 liter/kWh 0.824
Carrefour II | Diesel Thermal EDH 20X 1.7 MW =34 MW | 30 MW HFO; 0.269 liter/kWh 0.718
Varreux I1o Diesel Thermal EDH & IPP 2x9 MW =18 MW 15 MW Gasoil; 0.267 liter/kWh 0.712
Diesel Thermal EDH & IPP 2x5MW=10 MW 8 MW Gasoil; 0.267 liter/kWh 0.712
Diesel Thermal EDH & IPP 1x10.3MW=10.3 MW | 8 MW Gasoil; 0.267 liter/kWh 0.712
Varreux 11 Diesel Thermal IPP: SOGENER 4x3MW=12 MW 10 MW Gasoil; 0.267 liter/kWh 0.712
Diesel Thermal IPP: SOGENER 2x4 MW =8 MW 7MW Gasoil; 0.267 liter/kWh 0.712
Diesel Thermal IPP: SOGENER 3x1.2 MW =3.6 MW 3 MW Gasoil; 0.255 liter/kWh 0.681
Varreux III Diesel Thermal IPP: SOGENER 1x 2 MW=2 MW 2 MW Gasoil; 0.255 liter/kWh 0.681
Diesel Thermal IPP: SOGENER 12 x 1.5 MW=18 MW 14 MW Gasoil; 0.255 liter/kWh 0.681
E-Power Diesel Thermal IPP: E-POWER 8x 4.2=33.6 MW 30 MW HFO; 0.229 liter/kWh 0.611
TOTAL 253.0 MW 187.0 MW




While the tariff is regulated by the state authority, it has not been adjusted
periodically. The electricity retail tariffs have not changed since 2009.11'12'13
The demand-weighted average electricity tariff is roughly 14.3 gdes per kWh
(=%0.26 per kWh); where the residential electricity rate is about 11.7 gdes per
kWh (=$0.21 per kWh), while commercial and industrial rates vary, but can be
as high as 17.3 gdes per kWh (=$0.31 per kWh) depending on the amount of
consumption. Electricity tariff in PAP is therefore not affordable for most
consumers in a country with the lowest income per capita in the region.
According to the World Bank, only about 50% of customers are legally
connected to the power grid, and are therefore the legal customers that pay
their bills. Many unconnected consumers simply either do not have the ability
to pay or are not willing to pay these high electricity prices for an unreliable
service. Given the availability of solar energy, various private companies
supply solar systems ranging from small scale with a few watt-peak, Wp (e.g.
for residential clients) to large-scale system with hundreds of kilowatt-peak,
kWp (e.g. for commercial and industrial clients). Poorer households typically
use kerosene or candles as their main lighting source.

The electricity charges are high and only available for an average of 16 hours
per day. This crippling electricity outage has forced several businesses to rely
on self-generation from inefficient and dirty diesel generating units. Although
some clients use costly and inefficient self-generation as a hedge against
blackouts, many (mostly large industrial customers) have decided to disconnect
from the grid and independently generate their electricity at all times. It is
estimated that the cumulative capacity of individual diesel generation sets is
more than 200 MW — more than the total firm capacity supplied by the national
grid. Hooking these households to the grid will require better reliability and
regulatory reforms of electricity tariffs. The averting behavior of consumers
prevents the electric utility from achieving a greater level of economies of scale
in electricity generation. Therefore, it worsens the financial situation of EDH
as well as perpetuates high electricity tariffs to grid-connected consumers. The
high costs of electricity generation that EDH is unable to cover ends up as a
heavy financial burden on the government of Haiti.

11 See EDH, Website: http://www.edh.ht/tarif.php

12 US$ values are calculated at the average market exchange rate for 2015 at HTG/US$= 55.
13 One of the main reason IPPs worry is that PPA will not be paid for their generation due to
EDF inability to collect tariffs and high transmission and distribution losses. Therefore,
periodic tariff reviews should be in place to generate reasonable energy tariff rates for utilities;
that will enable EDH to cover expenses in its operations. Additionally, as part of the tariff-
setting structure, there should also be regulatory targets and mechanisms for reducing
technical and non-technical losses. Cash recovery for generators through reasonable electricity
tariffs and fewer transmission and distribution losses can increase the quality of energy
services and encourage investment in sustainable energy projects. These efforts need to be
tackled at the institutional level before reaching to utility level applications.
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2.2 Electricity Transmission Issues in PAP Network

The existing Péligre Transmission line constructed in the early 1970's has been
run by EDH for over 40 years. It is currently connecting the Péligre
Hydroelectric Plant plant to the consumers in PAP through Nouveau Delmas
substation. It is an overhead 55km long 115 kV double circuit line with steel
and aluminum alloy conductors, supported by 190 towers. The capacity of the
existing (non-rehabilitated) transmission capacity is rated at 144-MVA. Due to
deterioration of the conductors over time and inadequate maintenance, it has
become obsolete and inefficient.

The Péligre Hydroelectric Plant (hereafter PHP) with a 54-megawatt (MW)
nominal capacity is the most reliable source of energy supply in Haiti. Péligre
transmission line currently connects the PHP to the consumers in PAP through
Nouveau Delmas substation. The chronic and frequent electricity shortages in
PAP is mainly caused by the low levels of available thermal generation
capacity, heavy reliance on PHP and the poor reliability of the transmission
and distribution lines.

Figure 3. Electricity Generation and Consumption
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Figure 4. Electricity Transmission and Distribution Losses (% of Energy
Produced, includes technical and non-technical losses)i4
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14 Electric power transmission and distribution losses include losses in transmission between
sources of supply and points of distribution and in the distribution to consumers, including
pilferage.



An inefficient and overburdened grid system in Haiti results in significant
technical (e.g., power flow losses, line blackouts) and non-technical (e.g., theft,
fraud, uncollected bills) transmission and distribution losses. To illustrate,
more than half of the electricity produced is failing to reach paying customers
(see Figures 3 and 4). The technical line losses are due to energy dissipated in
the conductors and equipment used for transmission, transformation, sub-
transmission, and distribution of power. Although reliable data on the actual
technical (mechanical) losses amount is not available, these losses are reported
to be about 30% of the total electricity losses.15 The large energy losses make it
difficult for EDH to recover costs, and hinder EDH’s ability to invest in
expanded coverage for electricity. Therefore, the transmission line requires
restoration, insulation, and grounding with safe and reliable capacity for
transiting electricity from Péligre to PAP metropolitan demand node.

In summary, the rehabilitation of Péligre transmission line will help the
electric utility (country) to diversify its energy mix by increasing the share of
the cheaper hydro source of energy in the energy mix. After the transmission
lines have been fully refurbished and rehabilitated the hydro units will have
enhanced grid efficiency and reliability and will be compliant with the
instabilities of Haiti's electricity grid. 16 The rehabilitation of the Péligre
transmission line is crucial for the operations of PHP and integral part of the
plan to improve the reliability of energy service in PAP area. The completion of
the rehabilitation of Péligre transmission line together with the 7 distribution
circuits in PAP, and PHP will substantially improve the level of reliability. In
return, these investments will allow EDH to save costs on the level of fuel
importations as well as the operational and maintenance costs for thermal
plants. It will be able to deliver and bill more electricity to consumers.17

15 Grid energy losses at 50% imply that consumption of 1 kWh energy will require 1 kWh of
energy from off-grid distributed generation (DG) system, which is half of electricity production
to be taken by a grid-connected power plant. The reason is off-grid DG systems generate
electricity at the point of use without a need to pass through the grid. Therefore, high grid
energy losses make distributed systems more attractive option for cost saving or an option in
delivering more energy at lower economic costs. At the same time, cost savings potential
through energy efficiency improvements for the same level of service is another alternative
option to reduce the high economic costs from grid energy losses. The sector as a whole,
however, still needs to accelerate the rehabilitation and expansion of all generation,
transmission, and distribution facilities if the government’s 100% electrification target is to be
met in a cost-effective manner.

16 Generation 1s dispatched from the lowest energy-producing generators first, then the next
and so on in a merit-order of the cost of production. Therefore, the most economical generators
must run the most of the time.

17 The increase in energy transmission capacity and ambitious to increase in renewable share in electricity
mix was part of Action Plan for the National Recovery and Development of Haiti of 2010. For more
information, http://www.recoveryplatform.org/assets/publication/Action_Plan_12April_haiti.pdf
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3. Methodology

Power system reliability considers the performance of the electricity network
as a whole. It considers the integral coordination between generation facilities,
transmission network and the distribution grid. The primary drivers for
electricity transmission investments (e.g. upgrades or rehabilitation of existing
facilities, and new expansions) are either reliability considerations or
interconnection of new generation facilities into the grid, or both. A new
transmission project can provide a broad range of benefits. The measurement
of all the widespread and diverse impacts of transmission capacity investment
on an integrated network presents analytical challenges.

Ideally, electricity retail rates (market prices) would reflect the monetary value
of the net benefits from a typical transmission investment. However, the
economy-wide benefits of new transmission investments might not be only in
the form of production cost savings that are reflected in electricity rates. The
load-differentiated impacts due to the changes in the transmission losses and
the changes in the transmission line availability from a rehabilitated
transmission line project also provide economic benefits.

The standard criteria for transmission investments is focused on minimizing
the social cost of transmission investments and losses in the network — subject
to the system constraints of present and planned demand and generation
capacity, and the regulatory reliability standardsis. The standard of positive
net present value (i.e. Accept) or negative net present value (i.e. Reject) can be
used as an indication in the planning processi9. The situation in Haiti requires
a more advanced appraisal because of the presence of shortages, unplanned
outages, high transmission losses, and even suppressed demand for new
connections.

To avoid such pitfalls, this study evaluates the benefits from the rehabilitation
of this transmission line with a focus on the current situation in Haiti. The
costs and benefits are first identified and valued from different perspectives,
then compared to determine the project’s overall net benefits. Estimation of the
project benefits and costs are based on well-established principles of welfare
economics.20 The proposed electricity transmission rehabilitation project is
evaluated based on the CBA guideline prepared by Jenkins, Kuo and
Harberger (2011).21'22

18 See Kirby and Hirst (1999), Stoft (2002) and Wu et al. (2006).

19 See Hunt (2002).

20 See Harberger, A.C. (1971), “Three Basic Postulates for Applied Welfare Economics”, Journal of
Economic Literature, 9(3): 785-797.

21 For the complete chapters of the manual and its applications on various projects, visit
https://ideas.repec.org/s/qed/dpaper.html, Jenkins, G.P Publications in 2011.

22 For example, see Jenkins et al. (1999) for an application of CBA in evaluating the expansion of
electricity transmission system in Mexico.



https://ideas.repec.org/s/qed/dpaper.html

4. Project Summary

4.1 Project Descriptionzs

The proposed transmission rehabilitation project (hereafter project) consists of
the rehabilitation of two circuits: (1) the above-ground rehabilitation of the
capacity of transmission from PHP to the area of Tower 152 east of Grise River
and (2) construction of an underground transmission line covering a distance
from tower 152 to Nouveau Delmas substation in PAP24 (See Figure 5).25

The above ground rehabilitation of the capacity of transmission line 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 [the] overhead line of town Mirebalais.

» The length of the rehabilitated overhead line (including bypass) is
42.7 km.

The construction of an underground transmission line consists of:

» 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) and 2 circuits 80 MVA
underground between substation ND and Tabarre (6.9 km).

23 http://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=37718165

24 Among other five options (available at
http://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=39165061), option 1 is selected
because the social and environmental impacts are minimized from selection option 1.

25For the technical characteristics of the transmission line project and map of the project, see
Annex A .
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Figure 5. Péligre Transmission Line Current Design (Base) and Project Design (Option)
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Source: AECOM / IDB, 2014, p.2926

26 See full report available at: http://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=39242382
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4.2 Project Costs and Project Financing Instruments

The following incremental costs from project construction and operations are
estimated for the rehabilitation facility. All the costs are stated in real 2015
prices.

All the investment equipment items are expected to have an economic life of 55
years (Bonneville Power Administration, BPA, 2013, p.41). Since the economic
life of assets is longer than the period of the project analysis, there will not be
any replacement of the assets during the line operations. Residual values are
estimated and reported for the last period of the appraisal.

Investment Costs

The total investment cost is estimated to be US$ 23.8 million. The project costs
are segregated into three categories: (1) technical costs, i11) resettlement,
1mplementation, and supervision costs, and (ii1) labor costs. Technical costs
amount to US$ 18.74 million. The resettlement, implementation, and
supervision costs are estimated at US$ 1.2 million. While the labor costs
amount to US$ 3.86 million (see Table 2). It is initially assumed that there is a
zero risk of cost overrun.

The sub-component (A) investment costs includes the financing of the
investment to rehabilitate and improve the capacity of the transmission line,
1s as follows: (i) rehabilitation of the capacity of the overhead transmission line
(115- kilovolt (kV) from the PHP to Tower 152 (east of Riviere Grise), with the
replacement of overhead conductors, insulators and hardware and replacement
of guard cable in order to improve communication capacity; and (ii) the
construction of an underground transmission line covering a distance of about
10 kilometers (km) from around tower 152 to New Delmas, through to the new
substation of Tabarre. The foreign suppliers quote CIF prices for imported
equipment and materials, not including transportation, insurance and port
handling to the project site. These costs are to be covered by the project. All
imported capital items are exempt from any import duty or VAT.

The sub-component B will fund all costs associated with compensation and
acquisition of housing for people affected by the rehabilitation of the line. This
includes the compensation of farmers and businesses for profit and income
losses, as well as management and communication expenses of resettlement
activities. The Project has selected a technical design for the transmission line
that minimizes the number of persons to be resettled. Some families will be
uprooted and resettled on another piece of land, but there will be no
involuntary resettlement.

12



Table 2. Costs of the Program (Real, US$)*27

COMPONENTS FINANCING TOTAL SHARE
(US$) (%)
HRF IDB
Sub-Component A - Transmission Line Investment Costs
Supplies of Conductors & Equipment, underground links 6,578,000 3,542,000 10,120,000 43%
Supplies of Conductors & Equipment, over-ground links 3,997,500 2,152,500 6,150,000 26%
Equipment and Supplies for Repairs, Substation & Civil Works 1,254,00 675,500 1,930,000 8%
Insurance, and Handling and Transportation Services 351,000 189,000 540,000 2%
Subtotal 12.181.000 6.559.00 18.740.000 79%
Sub-Component B — Resettlement Costs and Compensations
Land acquisition and Housing Construction Costs2s 430,000
Compensation of Farmers and Farming Land Ownersz29 210,000
Compensation of Businessesso 220,150
Administrative and Management Costs for Resettlement Work 340,000
Subtotal 1,200,150 5%
Sub-Component C —Direct Labor Costs3i
Skilled 1,644,040
Semi-Skilled 1,010,400
Unskilled 1,208,853
Subtotal 3.863.293 16%
GRAND TOTAL 16,044,293 7,759,150 23,803,443 100%

Sources: IDB (2014, 2016), MTPTC & EDH (2014).
(*) Values are disaggregated and adjusted by the author. All investments costs are equally distributed over 4 years, and are estimated at the zero
escalation of investment costs (cost-overrun factor=0%).

27 Program costs presented in reference documents include investment and construction costs, but do not separate labor costs both material and construction costs
28 See Annex B.
29 See Annex B.
30 See Annex B.
31 See Annex B.
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In addition, the compensation of the affected groups of people/businesses is
equal to their income/property losses due to the project. Hence, there are no
other negative externalities associated with the project. Other potential
environmental impacts during construction of transmission line, such as
vibration, noise, impacts on traffic, are short-term and negligible.

The sub-component (C) will fund all labor costs associated with construction of
the line. The project will employ 167 workers for the construction of the
transmission line. The project will employ three types of labor during the
construction of the line: skilled (engineers and managers), semi-skilled
(administrators and technicians) and unskilled labor. Of the 167 workers, the
project will employ a total of 24 skilled labor (20 engineers and 4 managers),
23 semi-skilled (6 administrators and 17 technicians), and the rest will be
unskilled workers.

The project will hire all labor from the local labor market. Unskilled workers
will be hired from the relocated families in each section of construction. The
project wage rates (real) 68,000 HTG/month (1,236 US$/month) for skilled,
35,000 HTG/month (630 US$/month) for semi-skilled and 10,000 HTG/month
(182 US$/month) for unskilled labor. All wages are given as gross of personal
income taxes. Real wages are expected to rise at 2% per annum.

The first source of investment financing will come from foreign grants,
managed by Haiti Reconstruction Fund (HRF). The HRF grant covers about
65% of the total technical costs, or US$ 12.2 million. The HRF funds will also
cover all labor costs associated with construction of the line, which amount to
US$ 3.9 million.

The second source of the project financing will come from a foreign grant (aid),
through the Inter-American Development Bank. The IDB will cover
approximately 35% of the total technical costs (CIF price) that is equal to US$
6.6 million. IDB funds will also cover all costs associated with the resettlement
and compensation, which amount to US$ 1.2 million. The grant disbursement
schedule over the years before the commissioning of the project is presented
below.

Table 3. Tentative Disbursement Schedule by Funding Institutions

HRF 2,663,887 | 3,353,671 | 4,051,257 | 5,975,487 | 16,044,293

IDB 1,163,873 | 1,651,830 | 1,939,788 | 3,103,660 | 7,759,150

Total (US$) 3,827,750 | 4,905,501 | 5,991,045 | 9,070,147 | 23,803,443
Shares (%) 15% 20% 25% 40% 100%

Source: IDB (2014)




Table 4. Incremental Periodic O&M Expenses (Real, US$)s2

I —

Overhead Transmission Line O&M expenses/ km 2,000 US$ km/year

Distance of Existing Line (without project) (km) 50.7 km

Total O& M Costs (A) 101,400 US$/year

Distance of New Overhead Line (with project)(km) 42.7 km

Total O& M Costs (B) 85,400 US$/year

Difference C=(B-A) -16,000 US$/year

Underground Transmission Line

Annual O& M Costs (D) 20,000 per year

Periodic, Every 10 Years (E) 60,000 per 10 year
I ——

Annual Incremental O&M Costs F=C+D 4,000 US$/year

Incremental periodic (every 10 years) O&M Costs = E+ F 64,000 USS$ /every 10 year

Source: 1DB, 2014b, np.

32 Data is available at http://www.iadb.org/en/projects/project-description-title,1303.html?id=HA-G1030.
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Operating and Maintenance Costs

The annual regular operation and maintenance (O&M) facilities include all
necessary activities to keep the underground and overground lines in proper
operating condition. These charges mostly include personnel for operating and
controlling the line, inspection of the line as part of routine maintenance
activity, etc.3s The incremental annual O&M costs are calculated at 4,000
US$/year (see Table 4).

In addition to annual operation and maintenance, electric utility will have to
inspect the underground line as part of routine maintenance activity and
replace the damaged items if any, and other necessary activities to keep the
line in proper operating condition. The incremental periodic O&M activities are
scheduled for every 10 years for the underground line.

The periodic O&M costs are estimated at 60,000 US$ for every 10 years
starting from the first year of operation. Therefore, the total incremental
annual O&M costs are calculated at 4,000 US$/ year. This figure becomes
64,000 US$ every 10 years. The electric utility revenues will cover these costs.

4.3 Identification and Valuation of Incremental Project Benefits

The focus on benefits will be on the identification and valuation of such benefits
while avoiding technical and engineering details that are unnecessary for the
analysis. The project will improve the reliability and quality of network
operations and expand the current capacity from 144 MVA to a rated
transmission capacity of 160 MVA. Therefore, the project will increase the load
serving capability and produce benefits in the forms of (1) incremental
transmission through a reduction of transmission line losses and at a higher
transmission line availability and (2) incremental transmission benefits
through the additional power delivered by the additional transmission capacity
1t will provide.

4.3.1 Assumptions and Facts Underlying the Project Benefits

The electric utility, EDH, will not abandon existing transmission line until the
completion of rehabilitation. This is because operations of the existing
transmission line will not interference with the construction works of new
transmission infrastructures. Therefore, the electric utility will keep
continuing to deliver energy from existing transmission line during the
construction of the rehabilitated line.

Based on electricity network of PAP region presented in Figure 1, the energy
production technology connected to the (unimproved) transmission line is the
existing hydro plant with 50 MW firm capacity. Available spare capacity on the

33 Although these costs are subtle in proportion to the upfront investments costs, the future benefits of
the project strictly depend on monthly O&M activities of the line, as they are preventive measures to
supply power to the consumers reliably and economically during the operations of the transmission line.
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existing (unimproved) transmission line would allow the electric utility to
expand generation capacity by the amount of 20 MW.34 Due to the expansion
of transmission line capacity “with” the project, EDH will be able to connect an
additional 10 MW generation capacity into the PAP grid. In this study, the
planned generation investment is assumed to be a hydro plant.

4.3.2 Identified Project Benefits and Valuation Technique

Based on supply assumptions described in the earlier section, the three main
1dentified benefits of the rehabilitation of the line consist of:

1. Incremental Transmission Benefits from Existing 50 MW Hydro
Plant plus 20 MW Planned Hydro Plantss

o The incremental off-peak load energy transmitted due to improved
transmission line efficiency (i.e. the reduction in transmission losses
at a higher level of transmission line availability during off-peak load
hours).36

o The incremental peak energy transmitted due to improved
transmission line efficiency (i.e. the reduction in transmission losses
at a higher level of transmission line availability during peak load
hours.37

2. Incremental Transmission Benefits from Additional 10 MW
Planned Hydro Plantss

o The incremental peak and off-peak energy transmitted from

additional generation capacity due to enhanced transmission
capacity (i.e. expansion of capacity from 144 MVA to 160 MVA)a39

3. Benefits from Residual Values of New Transmission Line Assets

o The benefits of transmission line assets at the end of the project
operations (i.e. residual value of assets)

34 Wind, Solar and Hydro are the three alternatives for the planned generation investment. Both wind
and solar sources of energy supply present grid-reliability problems as they are intermittent and non-
dispatchable (i.e. supply of energy cannot be turned on and off with a changing demand for electricity
over time). Therefore, planned generation is assumed to be hydro as the seasonal and diurnal variability
is less intermittent than the wind and solar (Lucky et al., 2014). What is more, the cost of electricity
generation from hydro is the cheapest among all other forms of supply of electricity in Haiti (Lucky et al.,
2014).

35 See Annex D, equation 7.

36 See Annex D.

37 See Annex D.

38 See Annex D, equation 8.

39 See Annex D.
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Table 5. Benefit Categorization and Proposed Evaluation Method

Benefit Category

Load

Approach

Evaluation

Production Cost
Savings

Off-Peak

The additional off-peak energy will displace
(energy clipping) an equivalent amount of total
MWh energy previously supplied by the
highest MC plant that serves PAP consumers.

Such benefits come from the 70 MW Hydro
plant capacity, and will displace energy from
the least-efficient plant running during off-
peak load hours of utility operations.

Avoided (reduced) thermal
generation costs, valued @
economic dispatching.

Incremental Energy
Sales

Peak

The additional peak energy available will be
delivered to existing connected customers.
Consumers will purchase additional energy at
the utility rate of energy tariff. These benefits
come from 50 MW existing peaking hydro and
20 MW planned baseload hydro capacity.

The additional peak energy will displace an
equivalent amount of total MWh energy
previously produced through self-generation
sources.

The consumption of additional peak energy is
assumed to be distributed evenly across
consumers. Savings is measured by change in
variable costs. No capital costs are included.

Grid substituted energies
valued @ electricity tariff
per kWh for financial
analysis. (Electric Utility,
EDH)

Avoided cost of self-
generation of electricity
valued @ marginal coping
costs per kWh, for
economic analysis. The
difference will be
consumers’ surplus.
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Transmission Line

Off-Peak &

Avoided transmission capacity costs from an

Additional power (net of all

Costs Avoided for Peak additional planned 10 MW generation | losses) transmitted from
Generation Expansion capacity, connected to rehabilitated | 10 MW generation
transmission line. The benefits are due to | capacity, valued at fixed
enhanced transmission capacity. transmission charge per
kWh.
Valued using the straight-
Residual values for all equipment are added as | line economic depreciation
part of benefits at the end of the project | method applied to the
Residual Values of operational life. Assets will be liquidated at their | initial values — but with an
Transmission Assets book value in year 44. adjustment for inflation.

Attached to investments
Grants Investment costs are financed through grants by | costs, so grant amounts are
HRF and the IDB. The transfers are part of utility | subject to increase in
benefits, but are not economic benefits. investment costs and
deducted from the utility’s

cash flow statement.
The additional off-peak
energy will displace heavy
fuel (in liters), and peak
Off-Peak & | The social cost of carbon (US$/ton) is used to | load energy will displace

Environmental Peak monetize emission benefits. In order to capture net | diesel oil (in liters).

Impacts impacts on locals in Haiti, such benefits are

computed at 0.1% of the global impact.
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The value (utilization) of additional electricity transmitted during the peak-
load is different from the benefit of additional electricity available during off-
peak load hours. The evaluation of project benefits accrued at these different
load hours must depict the situation in Haiti. The impacts from the existing
hydro generation and planned hydro generation units must also capture the
true benefits of the proposed project.

Monetizing the Transmission Benefits from 70 MW Hydro Capacity

The total firm generation capacity in PAP network is sufficient to meet current
off-peak energy demand, and future investments in the generation will be
covering the need for off-peak energy demand over time. Therefore, the
transmission project, strictly speaking, will not result in any additional
electricity consumption during off-peak load hours. The electricity generation
from either the 50 MW existing hydro plant or the 20 MW planned hydro
capacity will not change “with” the project. However, the amount of electricity
transmitted from the same levels of electricity generation will increase in both
load periods. The incremental off-peak energy transmitted will displace energy
generation elsewhere to meet the off-peak demand. Therefore, the incremental
energy delivered i1s valued at the supply (generation) level in the form of
production cost savings.

On the other hand, the total firm generation capacity is in a deficient position
in Haiti to meet current peak demand. Therefore, the project will contribute to
meet the energy demanded during peak load hours. It is assumed that the
electricity consumers will purchase all incremental peak-load energy delivered
by the electric utility. Note that the project will not eliminate the reliability
problem associated with the generation capacity deficit. The incremental peak-
load energy due to an improved transmission line is valued at the demand
(consumption) level. The calculations of incremental peak and off-peak energy
delivered from these hydrogeneration capacities are based on reliability
parameters used for the “with” and “without” project situation.

Monetizing the Transmission Benefits from Additional 10 MW Hydro Capacity

The incremental energy benefits from the additional 10 MW generation
capacity are directly attributable to the generation project. Therefore, the
energy transmission benefits due to enhanced transmission capacity are valued
at the long-run fixed transmission charge per kWh as part of network charges
—not at the energy charge per kWh.40’41. The incremental benefit

40 The capital cost dominates the costs of the transmission line investments. There is no fuel cost involved
with operating transmission and distribution wires. This implies zero marginal cost of loading for a given
transmission line with additional electricity unless the transmission line is operating at its rated capacity
limit and constrained off. For details of load differentiated transmission pricing under the line
congestions, see Hogan (2011), Hunt (2002, p.196-201), Perez- Arriaga et al. (1995).

41 If these benefits are valued at the energy charge per kWh, then all costs related to the additional 10
MW hydro capacity investment must be deducted from cash/resource flow statement.
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from an additional 10 MW generation capacity, in the form of net additional
energy flow on the transmission line, is subject to line losses and line outages
of the improved transmission system.

4.4 Project Variables and Assumptionsa42

The assumptions used in the estimations of costs and benefits are the following.

4.4.1 Timing

Construction of the line will start in year O (base year; 2015), and it will take 4
years to complete before it gets online. The operational lifetime considered for
the project 1s 40 years, which 1s a standard value for the operational lifetime of
a power transmission line.The appraisal is conducted using the domestic price
level of year 0 as the numeraire.

4.4.2 Load Hours

Total load hours in a year are 8,760 hours (= 365 days/year * 24 hours/day).
The assumption used in this feasibility study is that peak load demand block
represents 25% of the total load hours (8,760 * 25% = 2,190 hours) while off-
peak hours demand block represents 75% of the total load hours (8,760 * 75%
= 6,570 hours).

4.4.3 Supply of Electricity and Capacity Expansion on Transmission Line
a. Existing Peaking Hydro Generation Capacity

Without Transmission Rehabilitation: The existing Péligre hydropower plant
operates at a firm (available) capacity of 50 MW, and is already connected to
PAP via the current transmission line. The existing PHP mostly runs in a
peaking mode. The capacity factor of the existing hydro plant is 100% during
peak hours and 30% during off-peak hours.

With Transmission Rehabilitation: The available hydro capacity and capacity
factors of the existing hydro dam are assumed to remain the same during the
operational lifetime of the proposed transmission project.

b. Planned Baseload Hydro Generation Capacity

Without Transmission Rehabilitation: The construction of the planned hydro
plant will start in year 2 (2017) and will take a total of 2 years before it gets
online. Therefore, it will be commissioned in year 4 (i.e. 2019). The planned
hydro plant with a capacity of 20 MW will supply power during baseload hours
(i.e. a total of 8,760 hours of which 2,190 peak hours and 6,570 off-peak

42 Annex C, summarizes the list of all inputs parameters and assumptions used in the appraisal.
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Table 6. Existing (already connected) and Planned (to be connected) Hydro Capacities on Péligre Line

Without Project With Project Incremental Changess
Firm Capacity/
Capacity Factors Off-Peak Hours Peak Hours Off-Peak Hours Peak Hours Off-Peak Peak
A B A B Hours Hours
A-A B-B
e
50 MW 50 MW 50 MW 50 MW
Existing Péligre
Hydro (Peaking) @ 30% Capacity @ 100% Capacity | @ 30% Capacity @ 100% - -
Factor Factor Factor Capacity Factor
20 MW 20 MW 30 MW 30 MW 10 MW 10 MW
Planned Hydro
Plant (Baseload) @ 80% Capacity @ 80% Capacity @ 80% Capacity | @ 80% Capacity | @ the same @ the same
Factor Factor Factor Factor Capacity Capacity
Factor Factor

Source: EDH (2014) & WB (1976)

(*) values for existing hydro are re-adjusted by the author to represent situation after the rehabilitation of Peligre Hydro dam.

43 Abstracting from auxiliary consumption, net energy generation is the amount of electricity a generator produces over a specific period (e.g. available capacity *
capacity factor * hours of load). As stated, the NET incremental energy delivered from the generation capacities, however, are subject to the changes in the
transmission reliability (e.g. net generation = gross generation net of transmission and distribution losses).
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hours). The capacity factor for planned hydro plant is assumed to be 80%
during peak-load hours and off-peak load hours.

With Transmission Rehabilitation: The total maximum planned hydro
generation capacity “with” the project is 30 MW. 44 The extra 10 MW planned
hydro plant capacity is also assumed to supply baseload energy demand at the
same capacity factors during peak and off-peak load hours. The construction
year and the period year to the start of operations of the additional 10 MW
hydro plant is assumed to be the same.

4.4.4 Transmission System Efficiency

Transmission system reliability is measured in terms of the transmission
system availability (net of a number of planned line outages and unplanned
line outages) and the transmission line losses when it is available for operation
(Mazer, 2007; Harris 2006). The improvements in the transmission system
efficiency will increase the load serving capability from generation to delivery.
The annual incremental energy transmissions are calculated from the
reductions in technical transmission line losses and the increase in
transmission line availability:

Transmission Line Availability (%)

It is essential for transmission lines to undergo (planned or scheduled) regular
outages for maintenance, which can extend their useful life by 30 to 50 years.
This is a regular recurrent process and imposes fixed non-available hours
required for planned maintenance. The regular maintenance of the line is
mostly scheduled during off-peak load hours. For the existing transmission
line, the total average days spent for (planned) regular maintenance 1is
assumed to be 15 days per year. Therefore, a total of 360 hours is not served
during off-peak times of the year. The improved transmission line, however,
will require less time and effort for regular maintenance. The average number
of days spent for (planned) regular maintenance is assumed to be
approximately 7 days per year. Therefore, a total of 168 hours will not be served
during off-peak times of the year.

The unplanned line outages are assumed to coincide with peak load hours only.
The number of unplanned line outages without the project is 12 outages per
year, of an average duration of 4 hours (IDB, 2016).45s With the project, the
rehabilitation of the line would increase reliability by lowering the number of
unplanned line outages to 6 outages per year, of an average duration of 4 hours.
Therefore, the annual availability of the transmission line will be further
increased by a total of 24 hours during peak hours.

44 http://www.bme.gouv.ht/energie/National_Energy_Plan_Haiti_Revised20_12_2006VM.pdf
45 See http://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=40195164
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Table 7. Transmission Line Reliability Indicators for Benefit Calculations4ée*

Reliability Index Without Project With Project Incremental Change
Off-Peak Peak Off-Peak Peak Off-Peak Peak
A B A B A-A B-B

Transmission Line
Operational 94.5% 97.8% 97.4% 98.9% +2.9% +1.1%
Availability (a;;)

(Technical)
Transmission Line 4% 8% 1% 2% -3% -6%
Losses (p;;) (+0.1/year) | (+0.2/year) | (+0.02/year) | (+0.04/year) (-0.08/year) (-0.16/year)

Source: IDB (2014).

(*) values are re-adjusted by the author to calculate each transmission reliability indicator.

46 See Annex D.
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Taking both planned and unplanned transmission line outages into account,
the availability of transmission line will increase from 94.5% to 97.4% during
off-peak load hour, and from 97.8% to 98.9% during peak hours of system
operation.47

(Technical) Transmission Line Losses (%)

Due to the lower electrical resistance of the new conductor, the line losses with
the project are much lower than the losses occurring with the existing line. The
transmission line is usually congested and mostly constrained in peak hours.
This might result in higher frequency of line losses and blackouts during peak
load hours, for example. Therefore, time-differentiated reliability analysis is
required when assessing the impacts of any electricity project including
transmission projects.

With the project, the technical transmission line losses will decrease from 8%
to 2% during peak hours of operation, and from 4% to 1% during off-peak load
hours. However, the technical line losses are not static. Due to the depreciation
of the lines, there will be an increase in line losses. For example, the technical
transmission line losses on the existing transmission line will increase by 0.2%
and 0.1% every year during peak and off-peak load hours, respectively.
Similarly, the technical transmission line losses on the improved transmission
line will increase by 0.04% and 0.02% every year during peak and off-peak load
hours, respectively. As expected, the unimproved transmission line will
depreciate at a faster rate than that of the improved line.

Therefore, at the same quantities of energy generated “with” and “without” the
project, the quantities of both off-peak load energy and peak-load energy
delivered will change-over-time, subject to changes in transmission line
reliability indicators.4s

4.4.5 Electricity Generation Costs and Prices
1) Electricity Generation Cost from the Least-Efficient Off-Peak Plant

The incremental off-peak energy transmitted will displace the same amount of
energy produced by the least-efficient generator running during off-peak load
hours. The reduced load factor of the least-efficient plant will reduce the
production cost of the electric utility. The kWh of displaced thermal energy is
converted into fuel savings by multiplying them by its fuel consumption per
kWh (liter/kWh). The fuel consumption of the least-efficient plant running
during off-peak load hours is a HFO diesel plant that is currently consuming
0.26 liter of fuel for per kWh generated. The average fuel efficiency of the least-
efficient plant is assumed to be improving at a rate of 0.75% per yearao.

47 See Annex D.

48 See Table 6, and Table 7, alongside with Annex D.

49 Table 1 on page 5 summarizes the current fuel and plant mix for electricity generation in PAP
metropolitan demand node. Haiti will experience ongoing grid rehabilitation in its electricity sector.
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The electric utility also will be able to save some operation and maintenance
costs from reduced the load factor of the least-efficient plant. The average
operation and maintenance (O&M) cost of the least-efficient off-peak plant are
assumed to be fixed at US $ 15 per kW, or approximated at US$ 0.094 per kWh
(= 15 US$/ 8,760). The average O&M cost of this plant is assumed to remain
constant throughout the lifetime of the project.

i1) System Electricity Generation Costs and Retail Electricity Tariff

The sales of incremental peak-load energy are valued at the retail electricity
tariff. The future prices of electricity generation (HTG/kWh), reflected by the
retail prices, among many other factors, are also subject to fluctuations in oil
prices (HTG/liter), future installation of new and possibly more efficient
generation plants and the future changes in the fuel mix of power plants to
generate electricity (liter/kWh) etc.50

For the sake of simplicity, the energy charge of the electricity tariff is assumed
to be set at 70% by heavy fuel oil (HFO) diesel plants and 30% by diesel oil
diesel plants. The average marginal fuel consumption of HFO and diesel oil
plants are 0.24 liter/kWh and 0.32 liter/kWh, respectively. The average fuel
efficiency of system power plants is assumed to be improving at a rate of 0.75%
per year. Fuel efficiency gains are reflected by the overall system marginal cost
of electricity generation, and in the retail electricity charges. This rate is
applied on an annual basis, and essentially captures the changes in the fuel
cost of electricity generation from the “improved” system efficiency. This is
independent of the proposed transmission line project.

In addition to the improved network efficiency, electricity generation cost also
reflects the volatility in oil prices. In the analysis, the future retail electricity
tariff is assumed to follow the changes in variable electricity generation costs
and a rate of inflation.s1 The retail price of electricity is subject to 5% tax for
consumption and charged only on the variable energy cost component of the
market price. In addition to variable fuel cost for electricity generation, the
average variable operating and maintenance costs of the system is estimated
at 0.003 US$/kWh, and it 1s assumed to remain constant. In Haiti, the retail
electricity pricing is not different between load hours.

To arrive at the average fixed retail price of electricity, fixed additives in the
form of long-run electricity transmission charge at 0.02 US$/kWh, long-run

distribution charge at 0.01 US$/kWh, and capacity charges at 0.03 US$/kWh
are included in the final retail price.

The rehabilitations will be in the form of higher penetration of more efficient generation
technologies and improved transmission/distribution system. These investments will allow the
electric utility to produce electricity at lower production costs per kWh from improved overall grid
operations (e.g. reduction in transmission and distribution losses).

50 See Annex E, equation 9 and 10.

51 See Annex E.
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i11) Domestic Fuel Cost for Electricity Generation

For the calculation of the fuel cost for electricity generation, the long-run
average crude oil price is projected to be on approximate average 50.00 US$
per barrel; the average annual historical prices from the year 1974 to 2015.52
To arrive at the domestic cost of fuel for electricity generation, other charges
are included. These charges are the refinery charges (20% of crude oil price for
heavy fuel and, 10% of the crude oil price for diesel oil) and international
transport charges (20% of crude oil price). After calculating its domestic price
at the port, the domestic transport charges (10% of the port price) are also
included in the wholesale price of fuel. In Haiti, there 1s no import duty or other
forms of turnover tax on petroleum products, but the excise duty is levied on
the border price, and it is currently at about 6%. Although the government of
Haiti imposes an extra charge on the petroleum products, the electric utility is
exempted from such additional charges on fuel imports.

4.4.6 Transmission Line Assets Life

The economic (useful) life of new transmission assets from rehabilitation is 55
years. The residual values of the assets will be estimated for supplies of
conductors, equipment, and materials of both overground and the underground
line. The residual values of assets are calculated using straight-line
depreciation method and liquidated at their book value in year 2059.

4.4.7 National Macroeconomic Parameters

The financial analysis of the project is discounted at 8% (real).s3 The inflation
rate in Haiti (domestic inflation rate) is assumed to be 10% and 3% in the USA.
Both inflation rates are assumed to remain constant during the life of the
project. The real market exchange rate of 55 HTG per US$ is assumed to
remain constant during the life of the project (i.e. 0% real
appreciation/depreciation factor).s4« The projected nominal market exchange
rates in the following years will depend on the relative inflation experienced
over time between US$ and HTG.

52 See Annex E.

53 The required rate of return for a state-owned electric utility is regarded as a positive rate allowing
“public” utility to cover its costs from operations and earn “fair” return to finance expenses for future
system expansion. It is, however, very difficult to know about the opportunity cost of funds because aid flows are huge
and uncertain.

54 The real exchange rate appreciation in Haiti is not the outcome of an increase in productivity growth.
The amount of transfers (e.g. foreign aid flows and remittances) and political risk explain the fluctuations
in real exchange rate.
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5.Integrated Feasibility Analysis

Traditional approaches to investment appraisal have tended to carry out a
financial analysis of a program that is separate from its economic evaluation.
The integrated appraisal combines the financial, economic, stakeholder and
risk analysis into a single model (Jenkins et al., 2011). The Financial Module
1s the first component of the integrated analysis of this program. The principal
focus of the financial analysis is to see whether the program is financially
feasible from an electric utility point of view.

The second module of the integrated investment appraisal is the Economic
Analysis. The economic analysis of a program is concerned with the effect of
the program on the entire society and determines whether the program
increases the overall well-being of the society as a whole. For the economic
analysis, all the costs and benefits associated with the program are converted
into their economic values and included in the economic resource flow
statement. The third component of the integrated investment appraisal is the
Stakeholder Analysis. A stakeholder analysis is employed to identify the
segments of the society that reap the benefits of the program and those that
lose from the implementation of the program. The impacts are consequently
quantified and measured in monetary terms.

A complete cost-benefit evaluation must also incorporate probabilistic risk and
uncertainty analysis or a scenario analysis. The probabilistic approach allows
the analyst to model uncertainties associated with parameters that affect
project costs and benefits and assigns probabilities to them. Such risk and
uncertainty analysis allow collecting and analyzing statistically the results of
the simulations so as to arrive at a distribution of the possible outcomes of the
program and the probabilities of their occurrence. A Risk Analysis, therefore,
1s performed to analyze the variability in the financial and economic returns of
the program. A risk simulation is carried out as a part of the integrated
appraisal approach.ss

Hence, the net benefits are measured by comparing incremental costs and
incremental benefits for future “with” the project to future “without” the project
(i.e. “base” case). The following questions are relevant for the identification and
distribution of such incremental costs and benefits.

1. Identification of Impacts: What are the incremental costs and
incremental benefits associated with the project?

2. Estimation (i.e. valuation) of Impacts: How much are these incremental
costs and incremental benefits?

55 Salel, S. and Jenkins, G.P. (2016); Jenkins et al. (2011), Chapter 6, Cost-Benefit Analysis for
Investment Decisions.
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3. Allocation of Impacts: Who will be the beneficiaries? And by how much
will each pay or receive?

4. Risk and Uncertainty Assessment: What are the chances that the
anticipated benefits and costs will be realized?

The project agreement has been signed between the Government of Haiti
(representing electric utility in Haiti, EDH) and the donors providing the
financing; Haitian Reconstruction Fund (HRF) and Inter-American
Development Bank (IDB). Based on contractual agreement and nature of the
investment, the project is evaluated from the perspectives of Electric Utility,
EDH (Financial Analysis) and Society as a Whole (Economic Analysis). Using
the integrated appraisal framework, the net benefits of the stakeholders will
be estimated through a Stakeholder Analysis, and such net impacts will be
distributed among relevant groups and externalities affected by the project
(Distributive Analysis).

The identified program benefits and program costs are perceived and valued
differently by the electric utility and society as a whole. The benefits and costs
are priced at their market prices from the electric utility’s point of view, whilst
they are adjusted by the conversion factor to arrive their real economic worth.
These economic values are used to estimate the impacts of the project on the
economy as a whole. Note that cash/resource flow statements are presented in
local currency. Thus, all foreign exchange transactions, in US$, are converted
into their prices/costs in local currency, HTG.s6

5.1 Financial Analysis

The financial module is the first component of the integrated analysis of this
program. The principal focus of the financial analysis is to see whether the
program is feasible from an electric utility point of view. The financial analysis
of EDF helps us to understand the factors that affect the financial
sustainability of the operation. The financial cash flow of the project is first
conducted in nominal prices to account for the different effects of inflation. The
nominal cash flow statement is then deflated, item by item, to arrive at the real
cash flow statement.

5.1.1 Financial Benefits (Inflows)

The identified energy benefits of the project are: 1) the production cost savings
during off-peak hours, i1) incremental peak sales of energy during peak hours.
These benefits are derived from incremental energy transmission coming from
the 70 MW Hydro capacity. In addition to energy benefits, the rehabilitation
will also generate revenues to the electric utility in the form of 1i1) avoided
transmission capacity that is derived from incremental 10 MW Hydro capacity
and valued at the long-run transmission charge per kWh). Finally, iv) the

s6 See Jenkins et al. (2011), Chapter 3 of Cost-Benefit Analysis for Investment Decisions.
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residual values of the new transmission line capital assets are included as part
of the utility benefits at the end of operational life. The financial benefits of the
grants are attached to the program costs.

All inputs to calculate project benefits (oil prices, network charges for retail
tariff) are expressed in US$ real terms, therefore, they are first converted to
their nominal worth in US currency and then multiplied by the nominal
exchange rate to arrive their nominal values in local currency. Finally, project
benefits are estimated from these nominal prices and deflated by the domestic
price index to get their real worth in HTG as of today.

1. Benefits of Incremental Energy Transmitted from 70 MW Hydro Power
Plants (50 MW Peaking Load Plant plus 20 MW Baseload Planned Plant)

1A. Financial Value of Off-Peak Load Production Cost Savings

The financial benefits that accrue to the electric utility during the off-peak
period are production cost savings from reduced use of the thermal plant. The
production cost savings are composed of both variable fuel cost savings and
variable operating and maintenance costs savings. With the same amount of
off-peak load electricity generated from the 70 MW hydropower plant, the
electric utility will be able to deliver (transmit) more grid energy during the
off-peak load hours. The shaded area, labeled with a capital letter A, represents
the total financial value of incremental production cost savings (see Figure 6).

Off-peak load energy cost savings are therefore dependent on: 1) the total kWh
electric power actually displaced from the least-efficient diesel thermal
generator by the total kWh incremental amount of power transmitted
(horizontal distance of shaded area A), and 2) the marginal running cost
(HTG/kWh) of the least-efficient generator running in the system (vertical
distance of shaded area A).

The project is evaluated for 40 years, so the marginal running costs of thermal
generators (HTG/kWh) cannot be treated as fixed numbers. The marginal fuel
cost of generators is subject to fluctuations in oil price for electricity generation
(HTG/iter) and the changes in the fuel efficiency of generation units
(liter/kWh). Therefore, the monetary value of annual incremental energy cost
savings (HTG) is calculated by multiplying the annual diesel fuel cost for
electricity generation (HTG/liter) with the total annual liters of diesel fuel
displaced (liters).

To do this, the incremental annual amounts of off-peak energy transmitted to
the power network are first calculated; reflecting the transmission line
efficiency gain from a lower rate of transmission line losses and a higher
availability factor of the transmission line.s7 Secondly, the incremental off-
peak energy transmitted, by the same amount (i.e. kWh to kWh), assumed to

57 See Annex D, equation 7, and Annex D, Table D2.1.
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displace energy from the least fuel-efficient generator running during off-peak
load hours.s8s The kWh of displaced thermal energy is converted into fuel liters
of fuel savings by multiplying them to its fuel consumption per kWh
(liter/kWh).59 Finally, the annual financial value of fuel savings is calculated
by multiplying the fuel savings (liters) with the fuel cost for electricity
generation (HTG/liter).60

The variable O&M cost component of the marginal generation cost is kept
constant (US$/kWh). Therefore, the value of O&M costs savings is the product
of the total kWh electric power displaced from the least-efficient (kWh) and
O&M costs of the same plant (US$/kWh).61

Avoided expenditure on production costs, mainly fuel savings, is one the main
benefits realized from the project. Fuel savings accounts for 30% of total
benefits, excluding grants. (see Figure 7). The value of such savings will depend
on the volume of o1l displaced due to improved transmission efficiency and HFO
price for electricity generation. Whereby, an increase in the real expected
average price/volume of heavy fuel not purchased will improve the overall
financial benefit of the project. The share of variable O&M costs represents less
than 1% of all financial savings accrued to the electric utility.

1B. Financial Value of Incremental Peak-Load Utility Energy Sales

Under the assumption that consumers are willing to purchase incremental grid
energy available during peak hours, the financial benefits will come from
increased peak-load sales revenue. For the same amount of incremental peak-
load electricity generated from 70 MW hydropower plants, the electric utility
will be able also to deliver (transmit) more grid energy during peak load hours.
The shaded area, labeled with a capital letter B, represents the total financial
value of the incremental peak-load sales revenues (see Figure 6). These
benefits are added as part of the increased peak-load sales revenue from the
perspective of the electric utility.

The peak-load sales revenues are therefore dependent on 1) the total kWh
incremental amount of electric power transmitted (horizontal distance of
shaded area B), and 2) average electricity tariff (HTG/kWh) (vertical distance
up to Pl , of shaded area B). The future prices of electricity generation
(HTG/kWh), reflected in retail prices, among many other factors, are also
subject to fluctuations in oil prices (HTG/liter), future installations of new and
possibly more efficient generation plants, the future changes in the fuel mix of
power plants to generate electricity (liter/kWh) etc.62

58 See Annex F, equation 11.
5o See Annex F equation 12.
60 See Annex F, equation 13.
61 See Annex F, equation 14.
62 See Annex E.
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Figure 6. Financial Analysis of Improved Transmission Line Efficiency
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The total financial benefits accruing to the utility are estimated over the life of
the project. First, the incremental annual amounts of peak energy transmitted
to the power network are calculated. These reflect the transmission line
efficiency gains from a lower rate of transmission line losses and a higher
availability factor of the transmission line.63

The financial benefits of incremental peak energy are valued as the product of
the resulting increased annual peak energy sales and the annual average tariff
per kWh.e4’65 The incremental peak-load sales revenues are the main benefit to
the utility, accounting for 46% of the total financial benefits excluding grant
contributions. The value of incremental peak-load sales revenue depends on
the volume of additional energy transmitted from reduced transmission losses
(kWh) and the annual average retail electricity charge (HTG/kWh). Second,
there are generation costs savings from the incremental off-peak energy
transmitted.e6

Figure 7. Shares of Financial Economic Benefits, % of Total Financial Benefits*
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Source: extracted from the model. (*) excluding grant contributions.

2. Financial Value of Transmission from Additional 10 MW Hydro Generation
Capacity

The incremental net energy from the additional 10 MW of generation is
calculated, subject to line losses and availability of the rehabilitated line.é7 The
financial benefits from additional generation capacity are valued at long-run
transmission charge per kWh (y), reflecting benefits of the transmission line as
being a stand-alone (individual) project. 68 The fixed long-run average
transmission line charge is priced at 0.02 US$/kWh.

63 See Annex D, equation 7, and Annex D Table D2.2.

64 See Annex F, equation 16.

65 Area D on figure 6 represents utility revenues from future generation expansion. They are not part of
incremental revenues from transmission line. At the same time, transmission permits maximum generation
capacity at 80 MW.

66 See Annex F, equation 14.

67 See Annex D, equation 8 and Annex D Table D3.1.

68 See Annex F, equation 17.
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At this transmission price per kWh, the financial value of transmission cost
avoided represents roughly 23% of the total financial benefits.

3. Financial Residual Value of “New” Transmission Assets

The existing (unimproved) transmission line assets (i.e. equipment, conductors,
etc.) have no direct or indirect alternative use value, so the residual benefits of
these assets “without” project scenario are equal to zero. The residual values of
new assets are calculated using straight-line depreciation method, assuming
no major capital replacements for the duration of the project. The economic life
of underground and overground conductors, transmission materials are 55
years. The project is evaluated for an operating life of 40 years; assets are
valued at their book value in the year 2058.

4. Financial Benefits of Grants

The grants are included in the financial benefits (i.e. inflows) because the
donors are paying for program costs. These grants are attached to investment
costs on transmission rehabilitation. Therefore, the investment costs
associated with the program are included in the financial costs (i.e. outflows).
Note that the amounts of grants are just equal to investment costs of the
program. The value of these grants will increase by the same amount if
Investments cost increase, and it is subject to cost-over-run factor.

5.1.2 Financial Costs (Outflows)

Because grants are provided for wutility investment for transmission
rehabilitation. The investment costs are deducted as outflows of the cash flow
statement. The investment costs associated with the project are (1)
transmission line capital costs as part of technical costs (i1) resettlement and
compensation costs of inhabitants, firms and farmers, (i11) direct labor costs.
These investment costs are estimated at US$ (see Table 3).

In addition to program investment costs, the total incremental operation and
maintenance expenses are included as part of outflows of the electric utility
(see Table 4). Electric Utility (EDH) pays for them. Thus, they are not included
as part of grant funding. All costs except labor costs are expressed in US$ real
terms, therefore, they are first converted to their nominal worth in US
currency and then multiplied by the nominal exchange rate to arrive at their
nominal costs. Finally, deflated by the domestic price index to get their real
worth in HTG as of today.

Incremental peak-load sales revenues from the utility’s supply of electricity are
calculated using the retail price of electricity (HTG/kWh); therefore, they are
gross of taxes. The Electric Utility (EDH) collects these incremental taxes, and
1s transferred to the government’s budget. Therefore, sales taxes are part of
outflow from the utility’s point of view.
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Table 8. Annual Cash Flow Statement from Electric Utility Point of View (Real, Mllhons of HTG)

FINANCIALTCASHFLOWBSTATEMENTRELECTRICUTILITYPOINTMFYIEW{REAL) 2015 2016 2017 2018 2019 2020 2030 .. 2040 .. 2050 2059
I]NCREMENTALDBENEFITSM]NFLOWS)
ProductionTo: v K s
ﬂhnancxalm’aluelfﬂi‘uelBavmgs Million®ITG 0 0 0 0 43 89 . 93 . 96 . 97 . 0
Fi ialWal M ostl ing: Million®ITG 0 0 0 0 1 1 1 1 2 - 0
AncrementalEnergyDelivered@orPeak-Load Lonsumption
@rossFi ial . 0a e Million® TG 0 0 0 0 92 124 . 141 - 156 . 170 - 0
> flncra alf'r issionCapacity i itionalA 0MW HydroCapacity
FinancialW: fAvoidedd'r: ission: Future@eneration@apacity@Additions Million TG 0 0 0 0 0 74 . 74 . 74 . 74 . 0
Walue®flincremental®Peak/Mff-PeakEnergy & Avoidedd'r issi fits Million TG o] 0 [ 0 136 289] 309 327] 343] 0
ResidualWalues
MiquidationWalueBf'ransmissionfAline@ssets Million®ITG 0 0 0 0 0 0 . 0 B 0 . 0 B 294
Grants
Totall@nvestments@rants,by®aiti-Reconstruction@und{HRF) Million®ITG 147 181 215 317 0 0 . 0 . 0 . 0 . 0
Totallnvestments@rants,bydnter-American@evelopment@Bank{IDB) Million TG 64 85 107 171 0 0 . 0 . 0 . 0 . 0
ResidualWalue®fA ransmission@ssetsE Grantsk Million TG [ 211] 266] 322] 488 [ o] | o] | o] | o] | 294
AOTALANCREMENTALASHANFLOW{+) Million# TG [ 211] 266] 322] 488]  136] 289] | 309] =] 327] | 343] ]| 294
INCREMENTALTOSTS{OUTFLOWS)
InvestmentCosts
Bub-ComponentBABAT issi i 'hysical @ mentfostsk
BuppliesBfonductors,Equipmentsz eri groundfline Million®ITG 83 111 139 223 0 0 . 0 . 0 . 0 . 0
Bupplies®fonductors,Equipments@ndMaterials@@ndergroundine Million®ITG 51 68 85 135 0 0 . 0 - 0 . 0 B 0
Equipment@ndBuppliesforMepairs,Bubstation@ndEivilAVorks MillionITG 16 21 27 42 0 0 . 0 N 0 . 0 B 0
Ansurance,AndMandling@nd@ransportBervices MillionITG 4 6 7 12 0 0 . 0 N 0 . 0 B 0
Bub-Total Million®ITG 155 206 258 412 0 0 0 0 0 0
Sub-C tlement@nd ion@ostsA
Aand®A isisati d ing@ost: Million TG 4 5 6 9 0 0 0 0 0 0
Tompensatio mer: d di S Million®ITG 2 2 3 5 0 0 0 0 0 0
Tompensation®fBusinesses Million TG 2 2 3 5 0 0 0 0 0 0
@A ration, EAndMonitoring@ostsE Million TG 3 4 5 7 0 0 0 0 0 0
Bub-Total Million®ITG 10 13 17 26 0 0 0 0 0 0
Sub-Component@BEDirectAabourfosts
Bkilled@.abour@osts Million®ITG 20 20 20 21 0 0 . 0 - 0 . 0 . 0
Bemi-SkilledAlabourfosts Million TG 12 12 13 13 0 0 . 0 . 0 . 0 - 0
Aotal@irect@nskilledAaboriost Million TG 14 15 15 15 0 0 . 0 N 0 0
Bub-Total Million®TG [ 46 47 48] 49 o of ol of ol of of 0
Total@nvestment@osts Million®ITG [ 211] 266 322] 488] of of | of | of of 0
Additional@peratingosts
Aotal emer p elE: idy Electric@Wtility Million TG 0 0 0 0 0 0 . 0 . 0 . 0 . 3.3
otalfincremental@ash@utflow Million®H TG [ 211] 266 ] 322] 488] [ [ | o] | o] | of M| 3
INETANCREMENTALETASHFLOWBBEFORETAXES Million TG [ o] [ of o[  136] 288] | 309] | 327] | 343] ]| 291
Taxes®nPeakEnergyBSales
Ancre alWtility A gyBales Million®TG 0.00 0.00 0.00 0.00 3.07 4.11 o 4.57 . 4.95 . 5.25 - 0.00
INETANCREMENTALEASHFLOWERAFTERTAXES Million# TG [ of [l [ [ 133] 284] | 305] o] 322] | 337] | 291
Economic@pportunityfost@fEKapital JEOCK) 8% %
Financial NPV{Electric@tility, EDH) 2,763 |Million®ITG
MRealExchangeRateHTG/US$BFear®d) 55 #
Financial NPV{ElectricWtility, EDH) MillionWS$
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5.1.3 EDF Financial Feasibility

From the perspective of the electric utility, the incremental financial cash-flow
statement 1s presented in Table 8. The present value of the discounted net
financial cash flow over the life of the project should not be less than zero. Table
8 shows that the financial NPV of the project is HTG 2,763 million (equivalent
to US$ 50.2 million), using a real discount rate of 8%. The utility’s return from
the project is almost twice as larger as the cost of the program. Note that this
project 1s being financed by a grant. However, if EDH were a well-functioning
utility, this transmission project could be financially justified on a commercial
financing basis.

Clearly, the positive net cash savings and earnings of the electric utility from
this improvement in the transmission line will contribute to servicing its
accumulated debts. In the long run, the returns gained by the EDH might help
to finance additional system expansion or allow the Haitian government to
allocate more from its budget for the poverty reduction programs or social
services.

5.1.4 Financial Sensitivity Analysis of Project

A sensitivity analysis is carried out by altering the values of key input variables
and the assumptions that underpin the estimated costs and benefits. This
process is repeated for each of the input variables expected to have a large
impact on outcomes. The changes in the projected key outputs of the analysis
are then recorded according to the changes made in the value of the input
variables, holding all other input variables constant. A number of sensitivity
tests are carried out to identify critical parameters affecting the project’s
performance. This section lists the most important risk/uncertain parameters
identified during the analysis. These risk/uncertain parameters are examined
further in the risk simulations.

L-R Average Real International Price of Crude Oil (US$/bbl)

The electric utility saves fuel during off-peak load, whose selling price is closely
linked to the price of crude oil on the international market. The long-run
marginal costs of electricity generation from fuel plants will be greater if the
average real crude oil price is higher than the assumed real average price of 50
US$/bbl. The higher (lower) expected real average long-run crude oil price from
the beginning of the project would have a positive (negative) impact on the
value of fuel savings due to the reduction of transmission losses. Needless to
say, the retail cost of electricity production with a higher expected long-run
average oil prices would have to increase, regardless of the savings the project
generates. The Electric Utility (EDH) will sell incremental electricity during
peak-load hours at the retail prices reflecting the changes in the production
costs. Therefore, utility peak-load sales revenue from the incremental sales will
also increase.
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Table 9 shows that if future real average crude oil price is 5 US$/bbl above or
below its assumed level of US$/bbl 50, the financial NPV of the project rises or
falls by HTG 166 million (equivalent to US$ 3 Million). This is an indicator
that, the real average price of crude oil has a significant impact on the financial
performance of the project. However, changes in prices of the magnitude that
are likely to occur will not threaten the financial viability of the project from
the perspective of the electric utility.

Table 9. Financial Sensitivity Test of L-R Average Real Price of Crude Oil

(US$/bbl)
NPVFinancialAnalysisMillions®ffHTG)

35 2,265
40 2,431
45 2,597
| 50 2,763
55 2,929
60 3,095
65 3,261

L-R Equilibrium Real Exchange Rate (%)

Production cost savings and incremental peak-load sales are both linked to the
long-run average real crude oil price (US$/bbl). The long-run average
transmission price of electricity is also expressed in US$. The nominal prices
of crude oil and transmission prices are both expressed in HGT by using the
nominal exchange rate between HTG and US$. Furthermore, the nominal
exchange rate is derived from the real exchange rate multiplied by the relative
price indices of the two countries.

Table 10. Financial Sensitivity Test of L-R Average Real Exchange Rate (%)

NPVFinancialAnalysisIMillions®fHTG)

-4.0% 2,653

-2.0% 2,708

0.0% 2,763 |
2.0% 2,819

4.0% 2,874

In the calculations of financial benefits, the prediction error in the real
exchange rate is assumed to be 0%. As the real exchange rate increases fuel
prices in local currency will increase, hence increasing the utility savings from
reduced transmission losses. It will also be reflected in the retail price of
electricity. Utility sales revenue will rise because of the increase in the nominal
electricity tariff. Hence, the project’s financial NPV will increase, as shown in
Table 10.
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Investment Costs Quverrun (%)

Cost overruns are the differences between the actual costs upon realization of
the project and the initial estimated investment costs. An escalation of the
investment cost will not lead to a financial loss from the electric utility’s point
of view, as the monetary value of grants is directly attached to the investment
costs of the project.

Table 11. Financial Sensitivity Test of Investment Costs Overrun Factor (%)

NPVFinancialAnalysis{MillionsHfHTG)

-15% 2,762
-10% 2,762
-5% 2,763
0% 2,763
5% 2,764
10% 2,764
15% 2,765

Discount Rate (%)

The required rate of return for a public electricity utility is the rate that allows
the utility to cover costs of operations and earn a “fair” return to invest on
expansions to meet demand growth. Setting a high rate of return on its
operations would imply that pricing of the services provided by the public
utility would have to be adjusted upward, thus hurting the consumers. The
electric utility in Haiti has its operations largely financed by government funds
and donor grants. Hence, it is difficult to determine what is the appropriate
target rate of return to use as the financial discount rate in this analysis.

Table 12. Financial Sensitivity Test of Discount Rate (%)

NPVFinancialAnalysisIMillions@fHTG)

6% 3,765
7% 3,209
8% 2,763 |
9% 2,402
10% 2,105

Table 12 shows that the impact on the financial NPV for changes in the
exchange rate. If the discount rate is reduced from 8% to 7%, the financial NPV
of the project rises from HTG 2,763 million (equivalent to US$ 50 Million) to
HTG 3,209 million (equivalent to US$ 58 Million). The selected discount rate
has an important impact on the financial NPV of the electric utility, as shown
by the results of the sensitivity analysis reported in Table 12.
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5.2 Economic Analysis

The second module of the integrated investment appraisal is the Economic
Analysis. The economic evaluation of a project measures the effect of the
project on the entire society and determines if the project increases the total
net economic benefits accruing to the society as a whole. The economic
appraisal translates all financial transactions (i.e., receipts and expenditures)
into economic benefits and costs to reflect their value to society. An important
feature of the integrated appraisal framework is that the economic evaluation
1s directly linked to the financial model of the project.e9s The linkage of the
financial and economic analysis allows the analyst to make sophisticated
inquiries into the project’s financial and economic performance at the same
time.

The relationship between the financial and economic value of a particular good
or service is called a Commodity Specific Conversion Factor (CSCF). A CSCF
is calculated as the rate of the economic value over the financial price of an
item. In general, the economic values of all tradable goods (e.g., fuel purchases,
capital items) are estimated free of distortions such as import duties, taxes,
and subsidies. Nevertheless, it should include the foreign exchange premium
(FEP) due to the presence of the various distortions in the markets for tradable
goods and services. Similarly, the shadow prices of non-tradables are
estimated at prices free of distortions and inclusive of thenon-tradable
premium (NTP). The tax distortions, FEP and NTP estimates are all assumed
to be the same throughout the project’s life, implying a constant CSCF for
them.70

The economic value of all inputs used and outputs produced by the project are
estimated, and the resulting economic conversion factors are summarized in
Table 13 below. Multiplying these conversion factors by the corresponding
cashflow items in the financial statement of the project will enable one to arrive
at the economic costs and benefits of the investment.

Apart from the prices estimated in the financial model of the overall scheme, a
number of economic assumptions and parameters are necessary for the
economic analysis. Before discussing the estimation of the economic values of
the project’s costs and benefits, the following parameters and assumptions
have been defined.

69 See Jenkins et al. (2011), manual chapters including Chapter 7 & Chapter 8.
70 See Jenkins et al. (2011), manual chapters including Chapter 9, Chapter 10 & Chapter 11.
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Table 13. Conversion Factors for Economic Analysis

BENEFITS

Production Cost Savings During Off-Peak Demand Load

Value of Fuel Savings (i.e. Production Cost Savings) 0.994

Value of O&M Cost Savings 0.964

Incremental Energy Delivered During Peak Demand Load

Value of Peak Load Sales (i.e., reduction in own-generation costs) I No CF

Avoided Transmission Capacity for Future Expansion

Avoided Transmission Capacity Costs | 1.027

Residual Values

Residual Value of New Overground/ Underground Line Assets 1.027

Environmental Benefits

Social Benefits of Emission Reduction No CF

Grants

Investment Cost Paid by Haiti Reconstruction Fund (HRF), means of Grant 0.00

Investment Cost Paid by Haiti Reconstruction Fund (IDB), means of Grant 0.00
COSTS

Investment Costs

Sub-Component A — Transmission Line Investment Costs

Overground Transmission Equipment 1.027
Underground Transmission Equipment 1.027
Equipment and Supplies for Repairs and Substation and Civil Works 0.964
Insurance, Handling, and Transportation of Capital Equipment 1.046
Sub-Component B — Resettlement Costs and Compensations

Land acquisition and Housing Construction Costs 0.901
Compensation of Farmers and Land Owners 1.00
Compensation of Businesses 1.00
Administrative and Management Costs for Resettlement Work 1.00
Sub-Component C— Direct Labor Costs

Skilled Labor 0.932
Semi-Skilled Labor 0.883
Unskilled Labor 0.700
Additional Operating Costs

Incremental Operation and Maintenance Expense paid by Electric Utility 0.964
Taxes

Incremental Utility Taxes on Peak Energy Sales 0.00
Taxes on Fuel for Own Generation No CFn

Source: extracted from feasibility model.

71 CF of taxes is zero. Because the economic benefits of peak load sales are valued at the marginal cost of
own generation, taxes were deducted in economic analysis in order not to overstate the total value of the
economic benefits. As peak load sales from the utility will substitute self-generation, they are priced at
electricity tariff from the electric utility point of view (i.e. financial analysis). The electricity tariff cannot
capture the economic benefits, and the financial analysis does not include consumers’ benefits. The
adjustment made in this analysis will capture the net benefits to consumers as well as net fiscal impacts in the
form of Gov’t tax gains/losses. Also, both marginal coping costs for unreliable power supply and electricity
tariff are time dependent. Hence, the use of a constant CF would be conceptually wrong, and tax impacts
move on opposite direction from peak utility sales (tax gain for Gov’t of Haiti) and reduced self-generation
(tax loss for the Gov’t of Haiti).
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5.2.1 Parameters / Approach for Economic Analysis72

National Economic Parameters

The economic cost of capital (EOCK) reflects the real rate of return forgone
in the economy when resources are shifted out of the capital market. Because
aid flows are huge and uncertain, it is very difficult to know what is the
opportunity cost of such funds. The results are sensitive to the choice of
discount rate. For this appraisal, The EOCK for Haiti is assumed to be 8%.

The foreign exchange premium (FEP) is estimated to be 5.75% higher than
the market price of foreign exchange for the country (Kuo, 2016). This foreign
exchange premium is used to calculate the economic costs and benefits of the
tradable goods and services.73

The premium on non-tradable outlays (NTP) is estimated to be at 0.75%
(Kuo, 2016). Hence, the the ecoomic values for non-tradable outlays 1is
somewhat higher than the corresponding financial outlays.

The Economic Opportunity Cost of Labor (EOCL) is estimated using the
supply price approach. This approach starts with the wage paid by the project
and makes all the necessary adjustments with regard to income taxation as
well as social security contributions to arrive at the EOCL. The personal
income taxes are 25% and 15% for skilled and semi-skilled labor, respectively.
According to the income tax rules in Haiti, the earnings of unskilled labor fall
into the zero income tax bracket. It is assumed that in the absence of this
project, skilled, semi-skilled and unskilled labor would have spent 90%, 70%
and 50% of their time employed elsewhere, respectively. The earnings of skilled
labor from alternative employment would be 60,000 HTG/year, semi-skilled
would be 30,000 HT'G/year, and unskilled would be 8,000 HTG/year.

The average effective rate of indirect taxes (d*) on tradable and non-
tradable goods and services in the country is estimated at 4%. This parameter
is used in the calculation of economic conversion factor of non-traded goods.

The social cost of carbon is used for monetizing the environmental benefits
in the form of a reduction in carbon emissions, and average priced at 20
US$/ton based on a meta-analysis.74 The average carbon emission intensity of
HFO and diesel oil is 2.31 kg/liter, and 2.68 kg/liter, respectively.

72 See Annex G.

73 The difference between the economic foreign exchange rate and the market exchange rate
can be expressed as a proportion of the market exchange rate. It is referred to as the foreign
exchange premium (FEP). The FEP captures all domestic and international taxes and
distortions associated with tradable items, so it captures the changes in the welfare in a
country from foreign exchange payments that are paid and/or earned. For more information,
see Kuo, Salci and Jenkins (2015).

74 See Greenstone et al. (2013).
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The marginal cost of self-electricity generation (HTG/liter) is calculated
from an average diesel fuel consumption of small diesel generators (liters) plus
the fixed capital charges. Based on the available evidence, the diesel fuel
consumption of a small diesel generator is set at 0.404 liter/kWh and assumed
to be declining at a rate of 0.5% every year. The fixed capital charge is
calculated at 0.02 US$/kWh and it is assumed to remain constant over time.75

Import Duties, Taxes, and Other Charges

Imported capital items are not subject to any import duty or VAT. These
capital items include transmission line equipment, conductors, cables and its
related costs as well as other costs (see sub-component (a) of the program costs,
Table 3). The handling and transport services, for both imported capital
items and fuel imports, are exempted from domestic VAT and other local taxes.
Infrastructure, substation and civil works are non-tradable inputs of the
project and are also exempted from domestic taxation.

Beginning with the crude oil price, adjustments are made for the refinery
charges and international transport charges to arrive at the domestic price
(CIF price) for diesel fuel for electricity generation. The excise taxes are 6% on
petroleum products. For the cost of own-electricity generation, diesel prices are
40% higher than the price of diesel purchased by the electric utility.76

Approach for the Economic Benefits from Transmission Rehabilitation

1) The economic valuation of incremental off-peak and peak load transmission
benefits from the 70 MW hydro project are as follows:

1A) The economic value of off-peak production cost savings are made up of
fuel savings and the O&M costs savings from the least-efficient plant
running at that time. Fuel savings and O& M cost savings are both valued
at their economic price, therefore they are adjusted for taxes and foreign
exchange premium. Oil specific and O&M cost specific conversion factors
are used to derive their economic worth.

1B) The assessment of incremental peak-load sales 1s assumed to displace
equal amounts of energy from private generators. Peak load savings are
comprised of fuel and capital cost savings, of own generation (i.e. marginal
cost of own-generation per kWh).77

2) The economic valuation of incremental off-peak and peak load transmission
from additional 10 MW hydro capacity is valued at the average (and marginal)

75 Capital costs account for about 10% of the marginal cost of self-generation. See Annex H.

76 See Annex H.

77 Note that results from the economic analysis will not change if you calculate peak load savings based
on the cost of fuel per liter. For such analysis, you will need to estimate liters of fuel saved from self-
generation, and then multiply the liters of fuel with the cost of fuel purchase. Similarly, tax losses from
the perspective of government can be calculated from the difference in fuel purchase with and without
tax.
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long-run transmission cost per kWh. The conversion factor is used to value the
economic benefits of avoided transmission investments for future generation
expansion.

3) Residual values of new transmission assets are valued at their economic
worth by the end of the project’s operational life (i.e., the year 2058).

4) Grants are transfers from other projects, therefore, are not included in the
economic benefits (i.e. CF=0).

5) Environmental benefits in the form of reduced emissions are valued at the
social cost of carbon. To get an actual contribution to residents in Haiti, the
total environmental impacts are first estimated and then adjusted by
multiplying them by 0.001, under the assumption that Haiti would receive
about 0.1% of the global benefits of greenhouse gas reductions created by the
project.7s

5.2.2 Economic Benefits (Resource Inflows)

As outlined in the previous section, the incremental economic benefits of the
project are (i) the production cost savings during off-peak hours, (ii) the
reduction in own-generation costs during peak hours, ii1) the economic benefits
of avoided transmission costs for future expansion, iv) the residual values of
the capital assets, and v) societal benefits of carbon emissions.

1. Economic Benefits Incremental Energy Transmitted from 70 MW Hydro
Plants (50 MW Peaking Load plus 20 MW Baseload Planned Plant)

1A. Economic Value of Off-Peak Load Production Cost Savings

The economic benefits accrue during the off-peak period are production cost
savings, composed of fuel cost savings and O&M expenses from reduced use of
thermal plants. When estimating the economic value of such production cost
savings, their financial values (shaded area A, Figure 8,) are adjusted by
multiplying it with the fuel oil specific conversion factor and O&M expense
specific conversion factor.79

The Commodity Specific Conversion Factors (CSCF) for oil and O&M expenses
are estimated at 0.994 and 0.964, respectively. Therefore, (1) the economic
benefits of production cost savings are less than the financial value of such
savings for the electric utility, reflecting the tax losses by the government.

One of the main benefits of the project is the generation cost savings (mainly
fuel savings), which accounts for 25% of the total economic benefits from the
project (See figurer 9).

78 From the global economy point of view, all environmental benefits are part of benefits.
79 See Annex I, equation 21 & equation 22.
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1B. Economic Value of Peak-Load Reduced Self-Electricity Generation

The economic benefits during peak hours of operation will come from
incremental grid energy transmitted to consumers. During peak-load hours,
the additional grid energy will reduce consumption of energy from self-
generation of power. In other words, the electric utility will be able to substitute
for some of the peak energy previously produced by own-generation sources.so
In the case of the output of electricity sold during peak-load hours, a conversion
factor 1s not estimated as it is not directly related to the financial tariff to be
charged in the future. The economic benefits are valued based on the resource
cost savings from the perspective of consumers. Therefore, they are estimated
using the marginal cost of own-electricity generation (HTG/kWh).s1

In figure 8 the shaded areas, labeled with a capital letter B plus C (excluding
taxes), represents the total economic value of the incremental peak-load sales
revenues. The economic value of additional peak-load sales are therefore
dependent on 1) the total incremental amount of electric power transmitted
(horizontal distance of shaded area B+C), and 2) the average marginal cost
(HTG/kWh) of the own- generation in a year (vertical distance up to MC2"", of
shaded area B+C) s2. The total incremental amount of electric power

transmitted, is just equal to kWh of self-generation reductions.

The marginal cost of self-generation is not a static number. It will also fluctuate
with the oil price for own electricity generation (HT'G/liter) it is subject to the
changes in the fuel efficiency of self-generators over-time (liter/kWh).
Therefore, the marginal cost (HTG/kWh) of the self- generation is calculated on
an annual basis, by multiplying annual diesel fuel cost for own electricity
generation (HTG/liter) with the average number of liters of diesel fuel
consumption required per kWh of own-generation.ss

80 See Annex I, equation 23.

81 See Annex I, equation 24.

82 The transmission line project alone will not eliminate the reliability associated with the energy supply. Hence,
the marginal cost of self- generation will be used to calculate the economic benefits accrued during peak-load
hours. The calculation of maximum willingness-to-pay is useful to estimate the economic benefits of future
investments in generation, which represent the total energy required (see area D, Figure 8). Supply global
represents the amounts of energy (therefore future investments in generation capacity) required to eliminate
reliability problem in Haiti. The size of area D relative to the total size of area B is very large.

83 Note that results from the economic analysis will not change if you calculate peak load savings using
estimates on the private cost of fuel per liter. For such analysis, you will need to estimate liters of fuel saved
from self-generation {= peak load energy delivered to consumers (kWh) times the average fuel consumption per
kWh from privately owned small generators (liter/kWh)} and then multiplying this number with the cost of fuel
purchase by the private consumers (HTG/liter).
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Figure 8. Economic Analysis of an Improved Transmission Line Efficiency
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Figure 9. Shares of Project Economic Benefits
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The average price of diesel fuel for self-generation and the average fuel
consumption of these small diesel generators are both higher than their values
for utility level electricity generation. Hence, the marginal cost of own
generation 1is significantly higher than peak load sales revenue earned by the
electric utility.s4 The main benefit of the project is the reduced peak-load self-
generation, it accounts for 55% of the total economic benefits accrued due to
the project (see figure 9).

3. Economic Value of Transmission from Additional 10 MW Hydro Generation
Capacity

The economic value of incremental energy transmitted from additional
generation capacity is calculated using the CF for transmission assets and
included as part of the resource inflow.s5 The CSCF of the residual value of new
overground / underground line assets is used for estimating the economic value
of the avoided transmission costs. Its value is 1.027 implying that the economy-
wide benefits are slightly larger than the utility level benefits. These benefits
account for about 20 % of the total economic benefits accruing to the project
(see figure 9).

4. Economic Value of Reduced Emissions from Electricity Generation

The emission benefits come from HFO displacement by the utility during off-
peak load hours and diesel oil displacement by the private consumers during
peak load hours. The annual emission savings are initially calculated by

84 The gap between the MC of self-generation and the electricity tariff would be smaller if the utility
electricity pricing would follow peak-load retail electricity pricing. Given the complexity of such pricing
applications, static peak-load pricing in the form of time-of-use pricing (TOU) would be a better option in
PAP metropolitan network. The current status of the network does not permit for such time-differentiated
pricing, and it is possible in long run when operations of the electric utility are well-functioning.

85 See Annex I, equation 25.
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multiplying the fuel savings during peak load and off-peak (liters) loads with
the fuel specific carbon emissions (kg/liter).

The annual carbon emissions are converted from kgs to tons as the social cost
of carbon is expressed in US$/ton.ss At the stated social cost of carbon
(US$/ton), such benefits are estimated and included as part of local economic
benefits. Since the economic analysis includes the impacts on the local
economy, such benefits are multiplied by 0.1% to capture its benefits to locals
in Haiti.s7 Because the economic analysis includes impacts on the local economy, such
global benefits accruing to Haiti are computed at 0.1% of the total global value of the
reduction in GHG brought about by the project. ss

5. Economic Value of Grants

The grants are excluded in the economic benefits (i.e. inflows) because the
donors are paying for them. Such funds are transferred from “other projects in
Haiti that could have been funded” to this transmission project. Hence, the
difference between economic values of grants (value of CF=0) and financial
values of grants will give us the value of the resources released from other
projects to finance the transmission project.

5.2.3 Economic Costs (Resource Outflows)

From the electric utility point of view, the investment and operating costs
associated with the project are reported as nagetive values in the resource flow
statement. The economic costs of the project are adjusted with their conversion
factor to arrive at their true economic costs to Haiti (see Table 13).

The marginal cost of self-generation is inclusive of taxes paid on fuel purchases.
The monetary values of these taxes are calculated by subtracting all taxes &
other charges from the marginal cost of self-generation and multiplying the
value (HTG/kWh) by the total incremental amount of electric power
transmitted during peak load hours.ss_ The amounts of taxes lost from reduced
self-generation are the revenue losses of the government (see rectangle within
area C, Figure 8). The incremental taxes that are collected by the utility are
included as part of outflow from the utility’s point of view and a CF of 0 is
applied to the financial amounts in the economic analysis.

86 See Annex I, equations 26-28.

87 Included as part of benefits to electricity consumers. The share of emission reductions benefits are
less than 1% of all benefits to the economy.

88 From the global point of view, emission reduction benefits will include 100% of all
environmental benefits.

89 Note that the tax losses from the perspective of government can be calculated from the difference in
fuel purchase with and without tax, see footnote 68.
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Table 14. Annual Resource Flow Statement from Economy Point of View (Real, Millions of HTG)
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5.2.4 Economic Feasibility

In the economic analysis, all prices are measured in economic terms, and the
resulting economic resource statement of the project is presented in Table 14.
Using the economic opportunity cost of capital for Haiti of 8% real, the
estimated economic NPV of the proposed plant is HTG 1,788 million
(equivalent to US$ 32.5 Million). This i1s over and above the economic cost of
the investment of US$ 23.2 million. Therefore, the country as a whole 1s better
off with the proposed project, and overall wealth of Haitians will be expanded
due to the contribution of this project.

The value of economic benefits realized by the country is significantly larger
than the amount of resources used for the construction and rehabilitation of
the transmission line, which is also confirmed by the estimated internal rate of
return of economic net resource flow (EIRR) of 18%.

5.2.5 Economic Sensitivity Analysis of Project

A number of sensitivity tests are carried out to identify critical parameters
affecting the project’s economic performance. This section lists the most
1mportant parameters identified during the analysis.

L-R Average Real International Price of Crude Oil (US$/bbl)

The economy will save fuel during both off-peak and peak-load hours. The price
of fuel is closely linked to the international price of crude oil. Therefore, an
expectation of higher long-run real average fuel price will increase the benefits
from this project. The direction of both financial benefits and economic benefits
are the same if the real average crude oil price is higher than its assumed rate.

The economic benefits from incremental off-peak energy savings are less than
the financial benefits, given that CF for oil is less than 1. However, peak-load
energy savings of the utility is valued at the marginal cost of own generation.so
The marginal cost of own-generation is always higher than the utility tariff
rates, therefore, the total discounted net economic impacts from the higher real
average price of oil are larger than its net impacts on the electric utility.

90 Electricity retail tariff (i.e. market price of electricity) reflects value to the electric utility.
Under the assumption of peak-load energy will be delivered and consumed by consumers, and
the electric utility will not be able to save capacity in the system, the economic value of peak
load sales must be estimated at reduced self-generation costs, by the amount of net incremental
energy transmitted due to the project.
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Table 15. Economic Sensitivity Test of L-R Real Average Price of Crude Oil

(US$/bbl)
NPVEconomomy{Millions®ffHTG)

35 1,165
40 1,372
45 1,580
50 1,788
55 1,995
60 2,203
65 2,410

During the lifetime of the project, if the future real average price of oil is 5
US$/bbl above its assumed real average level at 50 US$/bbl, the economic NPV
of the project rises by HTG 217 million (equivalent to US$ 3.9 Million).
However, it will decrease by HTG 217 million (equivalent to US$ 3.9 million)
for 5 US$/bbl decrease in price.

L-R Equilibrium Real Exchange Rate (%)

The economic benefits and economic costs are all subject to real exchange rate
fluctuations. Because the discounted economic benefits are larger than the
discounted economic costs, the higher real exchange rate (# HTG/ USS$) will
improve the economic viability of the project. The higher real exchange rate
will lead a greater nominal exchange rate between HTG/USS$, and this will
increase the HTG values of production cost savings of the utility and private
consumers.

Table 16. Economic Sensitivity Test of L-R Average Real Exchange Error (%)

NPVEconomomy{MillionsHfTHTG)

-4.0% 1,710
-2.0% 1,749
0.0% 1,788
2.0% 1,826
4.0% 1,865

Investment Costs Quer-run (%)

Table 17 shows the resulting economic outcomes under a range of possible cost
overruns. For instance, a 10% escalation of investment cost leads to an
economic loss of HT'G 96 million or about 7.5 % of the initial investment value
in economic terms. The net discounted economic returns become zero if the
costs increase by approximately 190% (i.e. break-even cost-overrun factor)oi.

91 Holding everything else constant (ceteris paribus), goal seek function of excel helps us to find break-
even prices (or costs) for project outcome.
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Table 17. Economic Sensitivity Test of Investment Costs Overrun (%)

NPVEconomomy{Millions®ffHTG)

-15% 1,931
-10% 1,883
-5% 1,835
0% 1,788
5% 1,740
10% 1,692
15% 1,644

The economic benefits will improve if costs are lower than predicted today. The
implication of such real-cost reduction is that surplus grants will finance other
“good” projects that require funding, or existing projects that require extra
funding. Therefore, the cost over-run is a critical parameter from the economy
point of view.

Discount Rate - EOCK (%)

The EOCK used in the calculation is 8%. Table 18 shows that if lower economic
discount rate used for economic analysis, the economic NPV of the project will
1mprove, or vice-versa.

Table 18. Economic Sensitivity Test of Real Discount Rate (%)

NPVEconomomy[{Millions®fHTG)

6% 2,803
7% 2,237
8% 1,788
9% 1,426
10% 1,132

The results are sensitive to the choice of discount rate, however, all the NPVs
using a reasonable range of discount rates are strongly positive.

5.3 Stakeholder and Distributive Analysis

The report also examines the impact of the program on various stakeholders.
While some of the involved parties may gain due to the program activities, the
others may have to incur a loss.

The net impact on all stakeholders created by the program is a sum of the
negative and positive externalities imposed on the stakeholders. The
magnitude of the impact is measured by the NPV expected to be realized by
each group. It is important to assess the magnitude of any gain/burden imposed
on each of the stakeholders.
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5.3.1 Identification of Externalities

The stakeholder analysis of the Péligre Transmission Rehabilitation project is
conducted to identify which particular segments of society reap the benefits
and which ones, if any, lose from the implementation of the plant. The
stakeholder analysis of any project builds on the following relationship:

P, =P; +ZEi
i=1

where:
P, is the economic value of an input or output

P is the financial value of the same variable

Y.i E; 1s the sum of all the externalities, “i” (i.e. consumer surplus, government
tax impacts, labor benefits, etc.) that make the economic value different from
the financial value of the item.92

In other words, the economic value of an item can be expressed as the sum of
1ts financial price plus the value of externalities, such as consumer surplus,
gov't fiscal impacts, labor benefits. On the basis of identity above, the following
relationship also holds, if a common discount rate is applied:93

NPVeEOCK — vafEOCK + PvEOCKZEi
i

Therefore,
PvEOCKin — NPVeEOCK _ vafEOCK
i

Where:

NPVEOCK is the NPV of the net economic benefits

NPVF?¢K is the NPV of the net financial cashflow

PVEOCKY E is the sum of the PVs of all the externalities generated by the
project.

The project generates two types of net benefits: net financial benefits, which
accrue directly to those that have a financial interest in the project; and
externalities, which are allocated to different segments of society. The
stakeholder analysis requires the following steps:

92 See Jenkins (1999), and Jenkins et al., Chapter 13 of Cost-Benefit Analysis for Investment Decisions.
93 In this case, the economic opportunity cost of capital (EOCK).
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o Identifying the stakeholder impacts of the project, item-by-item, by
subtracting the financial cash flow statement from the economic
statement of benefits and costs.

o Calculating the present value of each line item’s flow of externalities,
using the economic cost of capital as the discount rate.

o Allocating the present value of the externalities to the relevant groups
in the economy (i.e. distributive analysis).

Table 19 identifies the stakeholder impacts of the project, item-by-item, by
subtracting the financial cash flow statement from the economic statement of
benefits and costs. The CSCF estimates for each item is presented in Table 13,
page 41. Hence, there exist external benefits and/or costs for each project item
as long as the item’s CSCF is different from 1. After the externalities are
distributed, reconciliation between the financial cash flow and the economic
resource flow with the distributive impacts is conducted. The primary aim of
this task is to ensure that the analysis has been carried out in a consistent
manner.

Table 20 presents the reconciliation between the financial, economic and
externalities of the proposed project, all discounted by economic cost of capital
of 8% real. If the economic NPV is equal to the financial NPV plus the present
value of distributional impacts, using a common discount rate, it indicates that
the analysis was carried out in a consistent manner. The economic NPV is the
same as shown in Table 14. However, the financial NPV does not have to be
equal the one displayed in Table 8 because the financial net cash flow might be
discounted at the rate. For this analysis, the same discount rate is used for both
the financial and economic analysis of the project.
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Table 19. Annual Flow for Statement of Externalities (Real, Millions of HTG)

STATEMENTOFEXTERNALITIESBETREAL) 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059

EXTERNALITIESFROMAINCREMENTALBENEFITS

Pr jonMost g: gl Peakll s@
ValueBfFuelBavingsMuring@ff-Peak@oadHours Million®{ TG TR [ [z | .25)[ mm0.52)| ... | mE.54) [ [ mm0.56) [ [ mmo.57)] . |
Value®f&MTostBaving: igff-Peak@oadBours Million@ITG ] [ [ R | [@0.02)| mmgD.04) | ... | mm0.05)| ... | @gn.05)[ ... | mm0.06)| ... |

Incr 8y iveredfor®Peak-LoadTonsumption
ValuedffPeaklloadBalesfReductionin . ation Million®TG [ | e | momm | g | @8.72 | @196 | ... | @®0.01 | .. | @@7.23 ... | @m®3.63 | .. | (o

10T issi ity i dditional@ 0BW HMydroMapacity
Value®fvoided@ransmission@ostsBorFutureenerationExpansion Million®ITG [ | o | mommn | oo | o | m@mo9 | ... | @98 | ... | mEm9s8 | ... | mEm97 | .. |
EXTERNALITIESFROMENERGYBNDITRANSMISSIONBENEFITS Million®{ TG i) TR [ i) ®8.45 | mMB3.39 | .. | mm@1.40 | .. | m88.60 | ... | @498 | ... |

Residual@alues
Liquidatic 1 T ission@ine® Million® TG [ | mmme | oo | oo | oo | | .. | mmmE | .. | | = || [ ... | mmm8s

Grants
Total@nvestments@Grants,byHaiti-ReconstructionFund {HRF) Million® TG [[@146.51)] m@80.93)[ A215.37)| @316.82)[ [mmn | mmmm | ... | mmmmE | .. | mmmE | .. | mmmmE | .. |
TotalfnvestmentsGrants,bydnter-Americ Bank({IDB) Million®TG [_m@64.01) | @mp85.35) | ®106.69)| @170.70)| [mmn | mmmm | ... | | .. | | .. | | .. | TR

idual Walue e ission B Grants? Million®ITG [[®210.53)] m®66.28)[ @B22.06)[ @487.52)[ mmmn | mmmE | ... | mmmmE | . | mmmE | .. | mmmE | ... | mmmm.85

Value®fEmissionBenefits
LocalBenefits@fEmissionReductions Million TG | | mmmmEl [ @9.01 | mmm.02 | ... | Em.02 | ... | mmL03 | ... | @mm0.03 | .. | TS
TOTALEXTERNALITIESFROM@BRESOURCEANFLOW Million®{ TG [ -211] -266] -322] -488] 38] 53] | 61] | 69] | 75] | 8

EXTERNALITIESFROMANCREMENTALITOSTS
InvestmentCosts
Bub-ComponentA B ransmissionfline@hysical@nvestment@ostsE
lies®fIT Equi i groundfline Million TG .23 IS, 94 | e [ .. | (o .. | ]
p Tond Equipments@ dergroundLine Million TG .35 (.61 | [ [z .. | (oo itz iz
Equi BAndBuppliesBorRepairs, Bubstation@And TivilWorks Million®ITG [0.58) [H1.54) | R ... | (o TR i)
Insurance,@nd@andling@nd@'ransportBervices Million®I TG (T2 0 [THD.55 | [ Jediiiiiici] ... | (EEFEIETER ... | [T [TFTTTTTITR
Sub-Total Million®ITG . 2 1 [iB.56 | [ iz .. | (oo ... | i)
Sub-Comp ttlement@nd jonfostsE
LandBcquisisation@ ingfost: Million®{ TG [mg0.35) | mmmig0.47) | mmg0.59) | [mmig0.94) | ficiiica] .. | (o .. | [tz
[« ionBfFarmers@nd@and s Million TG [ ] ] D R ... | (o TR TR
Compensation®fBusinesses Million®HTG [ ] ) FHE) ] [ .. | i) HHTTE)
Administratic dBonitoring@osts Million TG [ ] [ iz iz iz .. | (oo TR [
Sub-Total Million®{ TG M0.35) | Mmg0.47)| Mg0.59) | WHI0.94)| TR .. | [ .. | ]
Sub-Component@BEdabour@osts@uring@onstruction
Skilled@abour@osts Million®I TG [m1.34) | mmmgl.37) | mmpl.39) | mmgl.42)| R .. | (o ... | i)
Semi-Skilled@.abouriosts Million TG 1.4 1) | mmmg.44) | mmmel.47) | l.50) | b [ .. | ) HHTE)
Total@irect@nskilled@aborost Million®ITG [i4.32) | dmmpe.41) | Gmga.49) | mg4.58) | iz ... | (oo TR itz
Sub-Total Million®TG [H7.07) | mmm7.21) | mmg7.35) | mm7.50) | [ .. | .. | ]
TOTALEXTERNALITIESFROMANVESTMENTBPENDINGS Million® TG [(mg4.21) | mommgs.40) | mmgR.59) | @Hmm.12 | | mmmm | .. | | . | | .. | mmmmE | .. | e

Additional@perating@osts
Motal perati i idbyElectricitility Million TG [(mmmm | e | mmme | mmmm | o.01)[ @mpo.01)[ .. | mmpo.01)[ .. | mm®.01)[ ... | mm.01)] .. | [m@go.12)
TOTALBRESOURCE®UTFLOW-) Million H TG [4.21) | mmmg3.40) [ mgR.59) [ mm.12 [ @0.01)[ mmpo.01)| .. | mmpo.01)] .. | mmn.01)] | mmD.01)| | mmmo.12)
NETMRESOURCEFLOWBEFORETAXES Million®ITG 206.32)[ E{262.88)| @B19.47)] §487.64)] ®8.48 | mB3.42 | .. | @E@1.43 | .. | @$8.63 | [ @ms5.01 | .. | mEmm.97

Taxes®nPeakEnergyBales
Ancr ility T 1 -gyBal MillionBH TG | mmmm® | @8.07)[ mmpd.11)[ ... | EE4.57) ... | mm4.95)] |
Ancre alfTaxesForgonelfir d cak-LoadBelf-Electricity@eneration Million® TG | mmmm | ®3.59 | @@5.00 | .. | @128 | .. | @m86.83 | |
INETEXTERNALITYFLOWE Million®{TG 2 06) | M2 63) [ Mg 19) | M488) [ M | mmmn3 | ... | TS | .. | T | | o
Economic@pportunityLostBfEKapital JEOCK) 8% %

PVBfExternalities Million®{TG

RealMxcl HTG/US$Beard) W 55 #

PVBfExternalities Millions$
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Table 20. Reconciliation Between Financial, Economic and Externalities (Real, Millions of HTG)

RECONCILIATIONBETWEEN FINANCIAL, ECONOMICANDEXTERNALITIES{REAL)

INCEREMENTALBENEFITS

Production@ostBavingsMuring®ff-Peak@oadMHours
Value®fFuelBavings@uring@ff-Peak@.oadMours
Value®ffD&MEostBavings@urigff-Peaklload@Mours

IncrementalEnergyDelivered@orPeak-Loadonsumption
Value®@fPeakA.oadBalesfReductionn@Peakd.oadBelffieneration

Value®fncrementalIransmissionCapacityfromAdditional1 0MW MHydroCapacity
Value®fAvoided @ ransmission@osts@orFuturefieneration@xpansion

ATOTALANCREMENTALENERGYBRNDITRANSMISSIONBENEFITS

ResidualWalues
LiquidationWalue@f'ransmissiondline@ssets

Grants
Total@nvestments@rants,By#aiti-Reconstruction@und {HRF)
Total@nvestments@rants,Bbydnter-American@evelopment@Bank{IDB)

TOTALRESIDUALBASSEETWALUESANDGRANTS

Value®f(EmissionBenefits
LocalBenefits@fEmission®eductions

TOTALBENEFITSH+)

INCREMENTALOSTS
Investmentosts
Bub-ComponentBABAT: ionfAline@®hysical@nvestmentostsE
Supplies@fifConductors,Equipments@ndMaterialsB@vergroundine
Supplies@fiftonductors,Equipments@ndMaterials@B@ndergrounddline
EquipmentBndBuppliesforBRepairs,BubstationEnd&ivilBVorks
Insurance,EndMandling@nd@ ransportBervices
Sub-Total
Bub-ComponentBEResettlement@nd@Tompensation@osts?
LandBcquisisationBnd@Bousing@osts
Compensation®fffarmers@nd@and@®wners
Compensation@fBBusinesses
Administration,Management@ndMonitoring@osts@
Sub-Total
Bub-Component@Edabour@osts@uring@onstruction
Skilled@.abour@osts
Semi-Skilled@.abour@osts
Total@irect@nskilledA.abor@ost
Sub-Total

TOTALANCREMENTALANVESTMENT@OSTS®

Additional@peratingCosts
Total@ncremental@®peration@ndMaintenanceExpenseaidbyElectric@tility

TOTALEOSTSHOUTFLOWS)

NETEOSTSHBEFOREAAXES)
Taxes®nPeakEnergySales

Incremental@tility@axes@®n@Peak@EnergyBales

Incremental@axes@orgonefromMeduced@Peak-LoadBelf-Electricityfieneration

NPV@EOCK

Million@® TG
Million®TG

Million@®TG

Million#iTG

Million® TG

Million®HTG

Million@®ITG
Million®HTG

Million#iTG

Million®TG

Million®HTG

Million@®ITG
Million@®TG
Million TG
Million®TG
Million®iTG

Million®TG
Million® TG
Million®iTG
Million@®ITG
Million@®ITG

Million®iTG
Million@®ITG
Million@®ITG
Million®TG

Million@®ITG

Million®{TG

Million@® TG

Million®iTG

Million@®ITG
Million®HTG

Million@®ITG
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5.3.2 Distributive Analysis (Allocation of Externalities)

The integrated appraisal framework allows the analyst to reconcile the total
externalities with the gains and losses accruing to each of different
stakeholders. In this section of the report, the net contribution of the project to
the impacted groups is presented.94

Table 21 presents the allocation of economic externalities generated by this
program and includes consumers, local labor, the government’s treasury, and
the other projects. If the project gets approval for the implementation, the PV
of externalities are estimated at HTG 976 Million, or equivalent to US$ 17.7
Million. The externalities are distributed over the following impacted groups
in the economy:

Electricity Consumers: The difference between the marginal cost of self-
generation per kWh and electricity tariff reflects the consumer surplus.
Because self-electricity generation is more costly than purchasing energy from
the grid, consumers are benefiting from reduced higher cost of own-generation.
The estimated discounted consumer surplus is HT'G 553 million, or equivalent
to US$ 10 Million.

The Government of Haiti: The government will be able to collect incremental
tax revenues from both incremental peak-load energy sales and through
income taxes paid by labor employment during the construction of the project.
However, the Gov't will be losing a large volume of revenue from the reduction
in taxes that would have been levied on the fuel that is now saved by electricity
generation by the electric utility. In addition, there will be lower tax revenues
because of the reduced purchase of fuel by the private generators that would
have been subject to taxation. The estimated discounted gov't fiscal impacts
are HTG 431 million, or equivalent to US$ 7.8 Million.

The electric utility has been debt-financed by the local government. Under the
consolidated analysis, where the financial impacts from the utility and
government treasury are combined, the government of Haiti will be saving
more funds than the utility.

Local Labor: The economic cost of labor (EOCL) employed by the project is
estimated using the supply price approach. The approach starts with the wages
paid by the project and deducts all applicable withholding and income taxes to
arrive at the net income received by the labor.ss Because project wages are
higher than the alternative wage they would earn, they will be better off due
to the project. The estimated discounted labor benefits are HT'G 23 million, or
equivalent to US$ 0.41 Million.

94 See Annex J, page 104-105.
95 See Chapter 12, of Jenkins et al. (2011).
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Table 21. Distributive Analysis of Externalities (Real, Millions of HTG)

DISTRIBUTIVERANALYSISREAL)

i)Electricity! ii)Labour iii) Gov'tFiscal iv)Dther
EXTERNALITIESFROMANCREMENTALMBENEFITS PVIExt Consumers Impacts({i.e.Bax) Projects
ProductionostSavingsDuringDff-Peakload®ours
Value®fFuel Bavings@uring®ff-Peakll.oad#Hours Million®I TG -5 -5
Value®fl&MEostBavingsADurigff-PeakA.oadMours Million® TG -0.4 -0.4
IncrementalEnergyDeliveredforPeak-LoadLonsumption
Value®fiPeaklloadBalesReductionin@PeakfloadBelfieneration Million®I TG 552 552
Value®fincr allr: issionCapacity@rom@Additional @ 0MMW HydroTapacity
Value®fAvoided@ ransmissionfostsforFuture@enerationExpansion Million®I TG 17 17
ETOTALANCREMENTALENERGYANDIRANSMISSIONMBENEFITS Million@®I TG 564] 552] o] 12] [
ResidualWalues
Liquidation®Walue®f'ransmissiondline@ssets MillionBITG 0.27 0.3
Grants
Totall@investments@irants,by#aiti-Reconstruction@und fHRF) Million TG -750 -750
Total@investments@irants,bydnter-American@evelopment@Bank{IDB) Million®I TG -370 -370
TOTALBRESIDUALASSEETWALUESANDEERANTSE Million®# TG -1,120] oJ o] oJ -1,120
Value®flEmissionBenefits
Local@BenefitsBfEmissionReductions Million @I TG 0.21 0.21
TOTALEXTERNALITIESFROMBENEFITS Million TG -555] 553] o] 12] -1,1 20‘
EXTERNALITIESFROMINCREMENTALCOSTS PVEXt i) Electricityl i) Labour iii) Gov'tFiscall iv)ther?
Consumers Impacts{i.e.@ax) Projects
Investment@osts
Sub-Component@ABA ransmissionline@hysical@nvestmentiostsE
SuppliesBffonductors,@EEquipments@ndMaterials@®vergroundiline Million®I TG 13 13
Supplies®ffonductors,Equipments@ndMaterialsB@ndergroundfline Million® TG 8 8
Equipment@ndBuppliesfor@Repairs,Bubstation@ndivillWorks -3 -3
Insurance,@ndMandling@nd@ransportServices 1 1
Sub-Total Million TG 19] o] o] 19] o
BSub-ComponentBEResettlement@AndLompensationfostsE
Land@cquisisation@nd@ousingosts Million TG 2 1 1
Compensation®fFarmers@nd@and@wners Million®I TG 0 0
Compensation®ffBusinesses Million®I TG 0 0
Administration,Management@ndMonitoringostse Million @ 0 0
Sub-Total Million® TG -2 o] -1 [
Bub-Component@EdabourfostsMuring@onstruction
SkilleddlLabourfosts Million®#{ TG 5 3 2
Semi-SkilledAl.abourf@osts Million® TG 5 3 2
Totalirect@nskilledA.abor@ost Million®I TG -16 16 0
Sub-Total Million® TG | -26] o] -22] -4 | o
TOTALEXTERNALITIESFROMANVESTMENTROSTS Million® TG [ 9] o] -23] 13] [
Additional@peratingCosts
Total@ncremental@peration@ndMaintenanceExpenseaidbyElectricltility Million®I TG 0 o
TOTALEXTERNALITIESFROMEOSTS Million@® TG [ -10] oJ -23] 13] [
NETEXTERNALTIESBEFOREMAXESMNENERGYBALES Million@®I TG [ -546] 553] 23] -1 »1,120‘
Taxes®nPeakEnergySales
Ancremental@WtilityFaxes®nPeakEnergyBales Million® TG -42 -42
Incremental@axesForgonefromMeduced@Peak-LoadBelf-Electricity@eneration Million®#{ TG 472 472
PVBfMNETEXTERNALIMPACTS Million TG [ -976] 553] 23] -431] -1,120
MRealExchangeRateHTG/US$EFeard) (FFPFFFRTRRFREFIRFRIEAIARAAC Y 55  #
PVBfINETEXTERNALAIMPACTS Million/S$ [T 17 .7 4) | O 0.05 | T (7 .83 ) | OHIig2 0.3 7)
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Other Local Projects: Haiti Reconstruction Fund (HRF) and Inter-American
Development Bank (IDB) are both financing the project through grants,9s
therefore, there are fewer funds available for other local projects within Haiti.
The estimated discounted costs to other projects are HTG 1,120 million, or
equivalent to US$ - 20.4 Million.

5.3.3 Externalities & Distributive Sensitivity Analysis of Project

This section summarizes the impacts of the risky/uncertain variables on
impacted groups of the economy.

L-R Average Real International Price of Crude Oil (US$/bbl)

During the life-time of the project, if future real average price of crude oil is
increased by 5.00 US$/bbl, the PV of consumers’ benefits will increase by the
amount of HT'G 85 million (equivalent to US$ 1.5 million), but it will decrease
by the same amount of HTG 85 million (equivalent to US$ 1.5 million) if it is 5
US$/bbl lower. Therefore, for a higher average real price of crude oil, the
improvement the consumers’ welfare from the reduced peak load own-
generation costs outweighs the impact of the increased peak load energy bill
they pay to the electric utilitye7. It is a highly critical parameter from the point
of electricity consumers.

Table 22. Externalities Sensitivity Test of International Price of Crude Oil (US $/bll)

PVflocalExternalities?  i)Electricity@onsumers? ii) Labor (T iii) Gov'tMaxAmpacts@@ @  iv)@therProjects?
(MillionsBfHTG) (Millions®fHTG) (Millions®fHTG) (MillionsDfHTG) (MillionsDfHTG)

35 -1,101 297 23 -300 -1,120
40 -1,059 382 23 -344 -1,120
45 -1,017 467 23 -387 -1,120
50 -976 553 23 -431 -1,120
55 -934 638 23 -474 -1,120
60 -893 723 23 -518 -1,120
65 -851 808 23 -562 -1,120

On the other hand, if the future real average price of crude oil is 5.0 US$/bbl
above its assumed level at 50 US$/bbl, the Gov’t treasury will lose more taxes.
Gov't tax collections are largely from the utility peak load sales less the taxes
lost from reduced peak load self-generation. For instance, if the future real
average price of crude oil is increased by 5.0 US$/bbl the government’s tax loss
will increase by the amount of HTG 44 million (equivalent to US$ 0.8 million).
The reason is that the increase in the real average crude oil price will increase
the retail price of the utility by a smaller amount on the margin than it will
increase the marginal private cost of self-generation. Therefore, for every kWh
of energy, the government should expect to lose more of taxes than it will

96 See Table 2.

97 Note that the estimated consumer welfare impacts here are from the transmission project
alone. Therefore, the overall consumer welfare might potentially decrease as the higher fuel
price will increase their total energy bill from total energy consumption. The transmission
project, however, will still reduce their total bills. In other words, total consumer bills will be
higher without the transmission project due to the high cost of self-generation.
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probably collect as a result of an increase in the real average crude oil price. It
1s a highly critical parameter from the gov’t point of view.

L-R Equilibrium Real Exchange Rate (%)

As shown in Table 23, the real exchange rate is the key variable for all
stakeholders, with the exception of labor.98 Consumer benefits from this project
will improve with a higher level of the long-run average real crude oil price
caused by a higher real exchange rate. The net savings of consumers will
increase because the reduced fuel purchases from self-generation are greater
than the additional cost of electricity purchases from the utility. This implies
higher government tax losses

Table 23. Externalities Sensitivity Test of L-R Real Exchange Rate (%)

PV®filocal Externalities? i) ElectricityTonsumersa ii) abor (MMM iii) Gov'tTaxAmpactsTM®  iv)DtherProjectsd
(Millions@fHTG) (Millions®fHTG) (Millions®BfHTG) (Millions@fHTG) (Millions®fHTG)

-4.0% -943 531 23 -413 -1,082
-2.0% -959 542 23 -422 -1,101
0.0% -976 553 23 -431 -1,120 |
2.0% -993 564 23 -440 -1,139
40% -1,009 575 23 -448 -1,158

Investment Costs Over-run (%)

The investment cost over-run will capture the impacts on other projects of the
additional funds required to finance the transmission project. As shown in
Table 25, a 10% escalation of investment cost by this aid-financed project will
displace HTG 95 Million (or equivalent to US$1.7 Million) from other projects
that would have been otherwise financed.

Table 24. Externalities Sensitivity Test of Investment Cost Over-Run (%)

PVDflLocalExternalities? i) Electricity@onsumers i) Labor [T jii) Gov'taxAmpacts @M  iv)DtherProjectsk
(Millions®fHTG) (Millions®fHTG) (Millions®fHTG) (Millions®fHTG) (Millions®fHTG)

-15% -831 553 3 -428 978

-10% -879 553 23 -429 -1,025

5% 927 553 23 -430 -1,073
0% -976 553 23 -431 -1,120 |
5% -1,024 553 23 432 -1,168

10% -1073 553 3 -433 1,215

15% 1121 553 23 -433 -1,263

If funds are not scarce, then investment cost over-run will only result in an
increase in transfers from the international aid.

5.4 Risk Analysis

The first step in undertaking a CBA is to develop a spreadsheet model for the
ex-ante evaluation that can be used to undertake a risk analysis. The data and

98 Project wages are determined in local currency, HTG.
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assumptions used to begin the ex-ante calculation of costs and benefits are
usually single value input estimates (i.e. mode or average, values). However,
the estimated ex-ante costs and benefits presented in cash/resource-flow
statements are subject to a degree of uncertainty associated with data
measurement, model and forecast errors. Hence, a probabilistic risk analysis
1s performed to analyze the variability in the financial and economic returns of
the project.

In the integrated analysis, it 1s possible to run a model of a project through a
Monte-Carlo simulation where distributions for variable values are substituted
for single and deterministic estimates. The result will yield mean estimates of
possible project outcomes. Monte Carlo simulations, a form of risk analysis,
provide one of the most practical methods to approximate the dynamics of risks
and uncertainties of the real world.s9

5.4.1 Selection of Risk Variables and Probability Distributions

The sensitivity analysis carried out as a part of a financial and economic
assessment has already helped in finding the critical parameters affecting the
performance of the proposed project. Once the risky/uncertain variables are
1dentified, the second step is to select an appropriate probability distribution
and the likely range of values for each risk variable. The probability
distributions are based either on historical observations of this variable or
expert’s opinionioo. The probability distributions of each risk variable and the
possible range of its values are presented below.

Using a Monte Carlo simulation generates a probability distribution of the
outcome of the project including the NPVs and PV of impact on each
stakeholder based on the underlying uncertainty surrounding each of the key
risk variables specified in Table 25. During the risk simulation for this project,
the following project indicators were monitored:

(1) the project’s Financial and Economic NPV
(i1) PV of net externalities and PVs of impact on each stakeholder (i.e.

impacts on electricity consumers, gov't tax impacts, labor, and other
projects)

99 For more information, see Savvides (1993), and Salci and Jenkins (2016).
100 For more information, see Sanderson (2012).
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Table 25. List of High-Risk Factors on Project Outcomesioi’102

Risk variables Impact and risk significance

High impact on the increase of investment costs, therefore an

Investment cost increase in required grants and/or displacement of funds from
overruns (%) other project(s). The probability distribution is derived based on
experts’ opinion and relevant transmission projects from the past.
L-R Average World High impact on the financial and economic results. It is beyond
Price of Crude Oil Haiti’'s control. The probability distribution is derived from
(US$/bbl) historical data. (See Appendix E)
Real Exchange Rate Medium impact on the financial and economic results. It is beyond
Appreciation/ Haiti’s control and depends on foreign aid flow and political risks.

Depreciation (HTG/US$) | The probability distribution cannot be derived.

Significant impact on the EDH revenues and the economic
viability of the project. It is unknown, and cannot be known as
the opportunity cost of funds is tied to uncertainty on the future
flow of funds. The probability distribution cannot be derived.

Discount Rate (%)

Table 26. Probability Distributions for Risk Variables

. . . Range and Mean
Variable Distribution Type g
Parameters Valueios
Min Max Likelihood
b b i -10% to -5% 5% Deterministic
Cost Over- L 5% to 0% 10% Assumption:
Step ,
Runs tributi 3 0% to 5% 35% 0%
Factor DlStI‘l ution i 5% to 10% 25%
EEEEEEREEEE: 10% to 15% 15% Expected: 4%
15% to 20% 10%
LR S Min Max Likelihood Deterministic
: i 18 to 32 32% Assumption:
Average Step 32 to 46 24% 50 US$/bbl
Real Distributi 3 46  to 60 12%
Crude Oil 1stribution | * 60 to 74 10% Expected:
Price R wa ks e me we me ww wa | (4 to 88 12% 49.36 US$/bbl
88 to 102 10%

101For the full list of items, see sensitivity analysis sheet of the spreadsheet model.

102 Note that all risky/uncertain parameters/assumptions should not be used in risk
simulations. To illustrate, series of environmental-impact models shows that social cost of
carbon is an uncertain variable and it is ranging between -20 US$/ton to 110 US$/ton. The
share of carbon savings benefits is less than 0.5% of all total economic benefits from the
perspective of Haiti, therefore it is not key variable for this project and evaluations from the
perspective of Haiti.

103 Note that the probability distributions from simulations presented in Figure 10 are almost
symmetric/normal distribution (skewness being close to the value of 0), with some degree of
deviations from its expected mean. The results, however, are not contradicting the sensitivity
tests. The reason is that the long-run mean expected crude oil price is almost the same as its
long-run average deterministic price; 50.00 US$/bbl. On the other hand, the expected cost-over-
run is slightly higher at 4% compared to its initial deterministic assumption at 0%. The
probabilities distributions of the forecast values inform us on the extreme values of the
outcomes and their probability of occurrence.
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5.4.2 Risk Simulation Results and Interpretation of Results

A Monte-Carlo risk simulation was carried out over 10,000 trials with the help
of Crystal Ball™ software. Simulation results are presented by the frequency
and cumulative frequency distribution. These are a graphical presentation of
the range of possible values that the project outcomes (e.g. financial NPV,
economic NPV) can take and the likelihood of occurrence of these values.
Summary statistics are also presented from the simulations on the net
financial, economic and external benefits.

Financial Outcomes from the Electric Utility (EDH) Point of View

Based on simulations reported in Table 28, the expected value of financial NPV
1s HTG 2,748 million (2US$ 50 million) with a standard deviation mean of HTG
161 million (2US$ 2.9 million). The result also shows that there is no possibility
of having a financial loss.

At the extreme lower end of the possible range, the minimum net benefits of
the electric utility are HTG 2,211 million (2US$ 40.2 million), which is about
66% higher than the total undiscounted investment cost of the project. In other
words, the electric utility will still earn substantial benefits at the minimum
expected long-run average price of crude oil per barrel.

Under the best-case scenario, the maximum net gain of the utility is about HTG
3,348 million (2US$ 60.9 million), which is about US$ 37.1 million more than
the initial total value of the investment costs. Hence, the electric utility will
earn abnormal high net benefits at the maximum expected long-run average
prices of crude oil per barrel. Therefore, utility benefits will exceed the grant

amounts even at the lowest possible range of crude oil price; 18 US$/bbl — 32
US$/bbl.

Economic Outcomes from Country-Economy Point of View

The expected value of the economic NPV 1is HTG 1,712 million (US$ 31.1
million), and converges to its deterministic average estimate. The standard
deviation of the mean is about HTG 210 million (=US$ 3.8 million). The results
also show that there is no possibility of having an economic NPV being equal
to or less than zero. At the extreme lower end of the possible range, the
minimum net gain is HTG 974 million (2US$ 17.7 million), while in the best-
case scenario the maximum net gain is HTG 2,553 million (2US$ 46.4 million).

Unlike the net benefits accruing to the electric utility, the net economic benefits
are linked to the program’s investment costs and the long-run real price of
crude oil. Therefore, the impacts of risky/uncertain variables on the economic
outcome of the project are larger. However, the net economic benefits will still
exceed the grant amounts.
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Figure 10. Probability Distribution from Simulations, Impacts on Economy,
Utility and Externalities (Real, Millions of HTG)
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Source: own simulations.

Figure 11. Cumulative Probability Distribution from Simulations, Impacts on
Economy, Utility and Externalities (Real, Millions of HT'G)
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Table 27. Summary Descriptive Statistics from Simulations (Real, millions of

HTG)

Statistics/Outcome Economic Financial PV of Local
NPV NPV Externalities

Trials 10,000 10,000 10,000
Base Case 1,788 2,763 -976
Mean 1,712 2,748 -1,036
Standard Deviation 210 161 74
Skewness 0.12 0.13 -0.04
Minimum 974 2,211 -1,275
Maximum 2,563 3,348 -761
Pr(NPVi) >=0 100% 100% 0%104
Pr(NPVi)>=Total Investment
Grants (Real, Undiscounted)* 98.5% 100% not relevant

Source: own simulations.
(**Total Investment Grants (Real, Undiscounted) amount to HTG 1, 286 Million.

Risk Impacts on Externalities

As reported in Table 28, the expected value of consumers’ gain is HTG 544
million (2US$ 9.9 million) with no possibility of facing a loss from the project.
At the extreme lower end of the possible range, the minimum consumer net
gain amount to HTG 272 million (2US$ 4.9 million), while in the best-case
scenario the maximum net benefit to consumers is HT'G 842 million (=US$ 15.3
million). The large divergence between the minimum (left tail of the
distribution) and the maximum (right tail of the distribution) is expectedios.

The expected value of gov’t fiscal impacts 1s a loss of HTG 427 million (2US$
7.8 million) with no possibility of gaining tax revenues directly from the project.
At the extreme lower end of the possible range, the minimum loss of gov’t is
HTG 287 million (= US$ 5.2 Million), while in the worst-case scenario the
maximum Jloss i1s HTG 581 million (¢US$ 10.6 Million). However, when the
electric utility gains from the project are included from the gov’t perspective,
the tax losses are negligible.

On the expectation that the project’s cost will increase, the expected value of
losses for the other projects is HTG 1,175 million (US$ 21.3 million), with a
standard deviation of HTG 62 million. Therefore, the investment costs might
be 5% higher when the risks of cost overrun are taken into consideration. At
the extreme lower end of the possible range, the maximum amount of funds
that will be released from other projects is HTG 1,310 million (=US$ 23.8

104 The minimum net expected impacts on electricity consumers and local labor are both
positive. The total size of these benefits is smaller than the sum of negative impacts on the
government of Haiti and other projects. Therefore, the net negative impacts on gov't of Haiti
and other projects dominates the outcome.
105 See Table 22.
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million), which i1s about 17 % higher than its discounted deterministic value of
HTG 1,120 million (=US$ 20.4 million). Under the best-case scenario, the
minimum extraction is HTG1, 025 million (US$ 18.6 million), which 1is
approximately 8.4% less than its deterministic estimate at HTG 1,120 million.

Figure 12. Cumulative Probability Distribution from Simulations, Impacts on
Externalities (Real, Millions of HTG)
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Table 28. Summary Descriptive Statistics from Simulations on PV of
Externalities (Millions of HTG)

Statistics/ PV of a)Consumer | b) Labor | c) Gov't d) Other
Outcome | Externalities Benefits Benefits Tax Projects
Impacts

Trials 10,000 10,000 10,000 10,000 10,000
Base Case -976 553 23 -431 -1.120
Mean -1,036 544 23 -427 -1,175
Std. Devt. 74 80 0 42 62
Skewness -0.04 0.13 0.07 -0.13 -0.09
Minimum -1,275 272 23 -581 -1,310
Maximum -761 842 23 -287 -1,025
Pr (PVe)<=0 100% 0% 0% 100% 100%

Source: own simulations.
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Therefore, the results from risk simulations suggest that from the perspective
of consumers there is a very limited risk of suffering a loss. When financial
impacts from the utility and government treasury are consolidated, the
government of Haiti will have greater savings from the utility gains than it
loses from reduced taxes alone. Hence, there is also a very limited risk of losing
from the perspective of government.

The possibility of cost over-runs must be considered before the implementation
phase of the project, and it is expected to be 5% higher (equivalent to US$ 1
million). The extra funding is worth making in order to secure a project that
generates expected returns with a zero risk of loss to the electric utility and
country economy of US$ 50 million and US$ 31.1 million, respectively.

6. Conclusions

The integrated investment appraisal methodology has been used in the
evaluation of this project. The role of the development banks is to ensure that
the grants made available to a country are indeed channeled to an activity that
improves the well-being of its citizens. Therefore, an investment appraisal is
an invaluable tool for carrying out the basic financial, economic, stakeholder
and risk analysis of such potential projects.

The electric utility, currently operates with a poor level of revenue collection
from billed electricity sales and suffers from very high losses in transmission
and distribution of electricity. This simply means that EDH’s financial return
on capital is negative. The chronic deficits are reflected in the sector by means
of frequent blackouts and delays in investment to strengthen the existing
system. It is the direct result of imprudent and reckless energy policies toward
system planning, weak governance, and theft.

The objective of the proposed rehabilitated transmission line is to provide
additional energy to the electric utility. This is achieved through improved
transmission efficiency and increased transmission capacity. It saves
production costs during the off-peak periods, earns incremental revenues from
the energy sales during the peak load periods, and saves some transmission
investment costs for the future expansion of the system.

The financial analysis has confirmed that the project is a wviable and
sustainable investment for the electric utility in Haiti (EDH). The expected
financial NPV of the project is HTG 2,748 million (2US$ 50 million), using a
real discount rate of 8%. The expected economic NPV of the project is HTG
1,712 million (2US$ 31.1 Million), using an EOCK of 8% real. Its EIRR is 20%.
The economic analysis confirms that the project will improve the overall well-
being of Haitian residents.

When externalities from the project are allocated to the impacted groups,

consumers will gain by HTG 544 Million (US$ 9.9 million), while local labor

will gain by HTG 23 Million (US$ .41 million). The potential losers are the gov’t

of Haiti that will lose tax revenues by HTG 427 Million (US$ 7.8 million), and
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the other projects will have less access to funds by the amount of 1,175 (US$
21.3 million). Since the gov’t of Haiti has been the sole financier of EDH, the
project 1s also viable from the government’s point of view.

The results from risk simulations also suggest that there is a very limited risk
to the financial and economic outcomes for the project. A substantial return is
expected to accrue to both the electric utility and to the economy with a zero
risk of loss. Hence, the Inter-American Development Bank and Haiti
Reconstruction Fund are justified in providing grants for financing the
1mplementation of this electricity transmission project.

7. Policy Recommendations

Haiti’s electricity supply is currently insufficient to meet the domestic demand
and leaves three-quarters of the population without access to electricity
services. In addition, the electricity grid has a very high technical and non-
technical transmission and distribution losses.

Alongside investments to strengthen the network infrastructure, energy
efficiency improvements on both the demand and supply sides and a program
to reduce electricity theft would enable the utility to improve electricity
services and improve reliability, the net result would be that less additional
generation capacity is required.
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Annex A: Characteristics of the Transmission Line Project

Table Al. System Characteristics

Description Data
“System voltage | lbkv |

Number and Capacity of circuits in operation 2 x 80 MVA
Maximum Generation Capacity Allowed on Line 80 MW
Length Péligre -PoP 50.7
Length Artibonite-PoP 40.9
Length cable 9.4 Im
Temperature of overhead line conductor 45°C
Resistance of existing line conductor at 55°C 0.3 ohm/km
Resistance of new line conductor at 55°C 0.27 ohm/km
Resistance of new cable at 45°C 0.066 ohm/km
Days overhead line is operated with 2 circuits in operation (N- | 351 days/year
situation)
Days overhead line is operated with 1 circuit in operation (N-1 | 14 days/year
situation)

Source: IDB, 2014, p. 14
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Figure Al. Location of the Transmission Line Projectios
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Source: MTPTC & EDH, 2014, p. 7

106 http://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=39242382
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Annex B. Variable Cost Components of the Program (US$, 2015 Levels)*

Table B1. Compensation of Families, in the form of Housing Construction and Resettlement Costs (US$, 2015 Levels)

Department / District City Residential Housing Construction Rental Support and
Province (Families) Cost/per family (US$) Other Costs
Centre Mirebalais Mirebalais 4 25,000
Croix-des Thomazeau 5
Bouquets
Quest Croix-des Croix-des 5 25,000 80,000
Bouquets Bouquets
Port-au-Prince Tabarre / 0
Delmas —
Sub-Total 14 350,000 80,000
TOTAL 430,000

Source: MTPTC & EDH, 20

14, p, 29-31, p.38

Table B2. Compensation of Farmers, in the Form of Loss of Crop and Trees (Users), or Land (owners) (US$, 2015 Levels)

Size of Company Number of Compensation Compensation (USS$, Total Compensation
Farmers (Years) day/firm) (US $)
A. Land Users >10 1 Year — 30,000
B. Land Owners 10 — 18,000 / each 180,000

Total PaymentstoBusinesses | | | | 210,000

Source: MTPTC & EDH, 2014, p, 31, 38
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Table B3. Compensation of Loss of Profits During the Construction of Underground Transmission Line (US$, 2015 Levels)

Size of Company Number Working Days Lost | Compensation (US$, Total Compensation
of Firms day/firm) (US $)
C. Loss of Profits
Small: <= 2 employees 23 10 50 1,150
Medium: Between 3 and 10 employees 35 10 200 7,000
Large: >=10 employees 66 10 2,000 132,000
Total 124 140,150
D. Loss of Property Number Value of Property Compensation (USS$,
of Firms (US$) per firm)
Business, located at Croix-des 1 80,000 80,000 80,000
Bouquets Quest

Total PaymentstoBusinesses | | | | 220,150

Source: MTPTC & EDH, 2014, p, 26, 32, and p. 38
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Table B4. Direct Labor Costs (US$, 2015 Levels)

Category Number Years of Real Wage Real Annual | Total Cost | Total Cost | Total Cost
of Hire Employment | (HTG/month) | Wage Increase (HTG) (HTG) (US $)
#) (years) (%)
Skilled
Engineers 20 4 68,000 2% 75,351,849 | 90,422,219 | 1,644,040
Managers 4 4 68,000 2% 15,070,370
Semi-Skilled
Technicians 17 4 35,000 2% 32,966,434 | 55,571,989 | 1,010,400
Administrator 6 4 35,000 2% 22,605,555
Unskilled 120 4 10,000 2% 66,486,926 | 66,486,926 | 1,208,853

(*) Values are gross of personal income taxes. Income taxes are 25%, 15% and 10% for skilled, semi-skilled and unskilled labor,
respectively. Real wages are adjusted by the rate of annual increase, and then are adjusted by the rate of inflation to arrive
nominal pages paid in each calendar year.
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Annex C: Inputs Used in the Calculations of Financial Costs and Benefits

Table C1

PeligreElectricity@ransmissionRehabilitation®Project@Port-au-Prince, Haiti

InputsBheet

Legend

ModelBpecifications

Wnit Anput

Calculation

Alinked@ell

Currency
Haitian@ourde
USMollars
ThousandsBffHaitian@ourde
Millions®faitianGourde
ThousandsBfiSMollars
Millions@fWSMollars

Time
Year

Every®&®Xear, AfterBperation@peri

Days
Hoursa?

Distance
Distancel

Time,Distance@ndTurrency
ThousandsBfUSD perfm
ThousandsBfISD PerFear

Energy®& il
kilowatt
kilowatt@ours
Megawatt@
Megawatt@ours
HTGPer&W
HTGPer&Wh
US$Per®Wh
US$Per@W

Fuell@ i EW
HTGRostBfliter BBil
Emissionferfiter
SocialTostBfTarbon
Barrelofiter

Barrel

US$PerBarrel
US$Perffiter

Liter®fmi

Conversions

1@oMillion@onversion
Thousan illion L ersion

gylproduced

MWh@o®WhTonversionfmultiplication)

Literfo@on

Miscellenous@

Per g
Kilogram

Tonnes

Number
Flagf{1=[rue,D=(alse)
ConversionFactor

Hoadfactor)

Year
every@X"ears

7
!

000'WS$/km

liter/kKWh
HTG/liter
kg/liter
US$/tonne
157.918
bbl
US$EmbI
US$/liter
liter

1000000
1000
1000
1000

%
kg
tonne
#*

flag
CF
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Timing®A ions

BasePeriod

ConstructionBtartear
Constructionlength
Construction®EndFear

Operation(Starti¥ear
OperationDuration
OperationEnd@
Total®lonths/Year
TotalDays/Wear
TotalHours/Day

Years

Investment@ost{Real)

2015 | Year

2015 | Year

4|Year

2019 |Year

2019 Year

vear
2058 |Year

—
—
—

Year

[2015 [ 2016 | 2017 | 2018 |

2015 2016 2017 2018

Sub-C issionLi i o
i i i g 000'sWS$
d g 000'sWS$
ork 000'sWS$
Insurance, @ndMandlingfind@ransportervices 000'sWS$
Sub-C i osts?
LandBcquisi MIITTITA30 | 000's WSS
C i arn IR 10| 000'sUSS$
Compensation®ffBusinesses ERITGITETE 20 | 000's WSS
Administration tsi MIMIITTTEA0_| 000'sUSS
InvestmentostsDver-runfFactor 0% %
YearlyMistri % [15% [ 20% [ 25% | 40% |
Sub-ComponentT@DirectlLabourTosts
SkilledWorkers
Number®fiEngineers # HHIHHITE  | (im0 | (im0 | (im0
MonthlylvageBfEngineers [ TS | 000’3 TG
Number®f®lanagers # i g e
Monthly@vageorManagers 000'sHTG
Semi-SkilledWorkers
Number®ffechnicians # R 7 | i 7 | Qi 7 | 7
MonthlyBvage®ffTechnicians 000'sHTG
Number®ffAdministrators # ARG | (NI, | (TG |
MonthlyGvagetorBdministrators 000'sHTG
Unskilled@orkers
Number®fUnskilled@Workers # AT 20 | (20 | (20 | e 20
MonthlyGvage®fWnskilled@Labour 000'sHTG
InvestmentFinancingBharesbydnstitution
Sub-C ission(Li i o HRF DB
i i i gr % 65% 35%
g % 65% 35%
ork % 65% 35%
Insurance,@ndHandling@nddransportServices % 65% 35%
Sub-Ce i ostsa
Landcquisi % 0% 100%
C i ar d % 0% 100%
Compensation®ffBusinesses % 0% 100%
A ini ion, osts@ % 0% 100%
Sub-C i uction
Skilled?l %
Semi-Skilled %
Unskilled %
Depreciation®fCapitalAssests
Economicervicellife
i g ial Ymr'
0 —
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Annual@perating@nd MaintenanceTost@fiAline{Real)

Annual@perating@ndMaintenancelCosts
Overground(lines

Costiper®m 000'sWsSs vear

LengthBf@xisiting@ransmissionfine [  50.7|km

LengthBffproposedransmissionine km
Undergroundilines

Annual@Regular@®laintanceRlosts [ 20]oooswss

PeriodicMaintenance(Costs
PeriodicaintenanceRosts [ 60]|ooo'swss
PeriodicMaintenancelSchedule,Btarting@very@x" Fears@fterBperation everylIX "Wears

SystemdloadBSpecifications

FulllloadMours@AXear Hours
Fraction®fff-PeaklloadMours{i.e.MBaseload@ours)

Fraction®ffPeaklloadMours

1.Existi eligreHydroPlant({ 1a

]

withoutiprojec
Peligrefydro@vailableapacity
Capacity Factorfin Dff-PeakMours
CapacityFactorin@Peak@ours

withproject
Peligreydro@vailable@apacity
CapacityFactor@n@ff-@BPeak@ours
Capacity FactorfinPeak@ours

2. ydr ati i lant)
YearBvhenfonstruction®ffPlannedMydroMamBtarts
NumberBfi¥earsRequiredBoronstruction®fPlannnedMydrodam
Year@vhen®lanned@ydro@am@onnects@o@heine@YearBfommissioning) Year

withoutproject
Planned@ydrofieneration@irmiapacity
CapacityFactor@nff-Peak@ours
CapacityFactorfinPeak@iours

withiprojecti
PlannedM@ydroMeneration@irmMapacity
CapacityFactorin ff-Peakours
CapacityFactorfn@Peak@ours

TransmissionineMReliabilityPlwith"@AndFwithout” Project

Transmissionfline: 1 a)
withoutiproject
Off-PeakALoad@ours 94.5%| 2%
Peakfoad@ours 97.8%)| %
withproject
Off-PeakALoad@ours 97.4%| %
Peakoad@ours 98.9%| %
Transmissiondinell i i a)
withoutproject
LineALosses@uring@ff-PeakALoadMours 4 %
Annuallincreasefin@inefl.osssesMuringBff-peakl.oad Hoursa 0.1 %
LineALosses@uring@®eakdLoad@Mours 8 %
Annuallincreasefin@inef.osssesMuringPeakfl.oadBours 0.2 %
withproject
LineALosses@uring@ff-PeakALoadMours 1Y %
Annual@ncreasefnfineflosssesMuringBff-Peak@.oadBEHoursn 0.02%)| %
LineALosses@uring@eakAl.oad@Mours 2Y %
Annual@ncreasefnfinefosssesDuringPeakloadBoursa 0.04%]| %

77



Utility[EnergyCosts@ndRetailPrices{Real)

ELECTRICWTILITYESYSTEMMARGINALANDRETAILTOSTS

a.Wariable@Energy®Pricel@omponents
Share®ffleavyFuel®il@nEVholesale@ostBfEnergy
AverageMeavy@Fuelflonsumption@f@DieselPlantsfYear®)

Averageeduction@n@MeavyFuelflonsumption®f@Plants,PerBrear@ontinious

Share®fifias@il@n@holesale@ostDfEnergy
Averagelfiasoil@lonsumption@fiiesel@PlantsfYear®)

AverageMeductionnfhasoil@Lonsumption@fPlants,erBrear@ontinious

L-RAverageBystemariable®& B ost@harges

b.Fixed®Energy®Priceomponents

70%
0.24
0.75%
30%
0,232
0.75%

0.003

%
liter/kWh

liter/kWh
%

US$/kWh

L-RElectricity@'ransmissionfharge 0.02 |US$/kWh
L-RElectricity@istribution@harge 0.01 |US$/kWh
L-RAverageFixedhargesfe.g.Fixed@D&MEAndRapacity) 0.03 |US$/kWh
Changel@n@apacity@harge 0% | %
COSTOMFELECTRICITYTGGENERATIONFROMITHEALEAST-EFFICIENTOFF-PEAKING®PLANT
Average@Fuelflonsumption@ffhedleastEfficient@ff-Peaking@lant@n@heBystem 0.26 |liter/kWh
Average@Reduction@n@MeavyFuelonsumption@f@Plants,ferfrear@ontinious 0.75% | %
Average@peration®BMaintenancefostsBffleast-EfficientBaseloadPlant@nfheBystem| 15.0 |US$/kW
Change@nM& M ostsDffhel.east-EffieicientBaseload®lant 0% | %
FUELIPRICEMALCULATIONSHorELECTRICWTILITY{grid generation)
L-RAverage@Vorld@rudemil@Price 50.00 USS$H®bI
Refinery@harges@®odfWorld®Price,forMeavy Fuel @il 20% | %
Refinery@hargesE@®o@dfWorld®Price,for@hasoil@Diesel) 10% | %
International@'ransportation@harges,BoBfTIFPrice 20% [%
Domesticransportation@harges, B BfTIFPrice 10%| %
Taxes@AndMtherCTharges
OnFixedTapitaldtems
Trade@ariff@dn@mported@apital@tems 0% | %
VAT@®nAmported@apital@tems 0% | %
VAT®ndLocalBervices{e.g.PortMandling@nd@ ransportation) 0% | %
On®Petroluem®Products
Importuty@®n@Petroluem@mports 0% | %
AveragelExcise@ax@nFuelPurchases 6% | %
Additional@ov't@harges®n@FuelPurchasesfformtility@perations) 0% | %

On(ElectricityRetail@
Retailfrax@nXElectricity

National@Parameters

Electric@tility, EDH,Discount@atefFinancialAnalysis)
AnnualExpected@omesticlnflationRate@fHaiti)
AnnualExpectedForeignnflation@ate{US)
Real®ExchangeMate{HTG/US$EBrear®)
Real®Exchange@ate@ppreciation@epreciation@Factor
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Annex D. Incremental Energy Flow from Transmission Line

with

D1. Calculations of Transmission Line Availability (afy'th, a}yithout)

Total Load in a year: 8,760 (365*24), of which peak load hours are 6,570 and
off-peak load hours are 2,190.

Given that:

with with
Hye = 0" — oy

awith — 1
: T (1)
Similarly,
a;/\t/ithout _ Hlt _ Hlvgithout _ (pxithout (2)
Hy

where:

t year of transmission line in operation (t = 3, ...,40)

l load period (I = 2;1 = of f — peak and 2 = peak load)

Hy; total hours in each demand load of the year (e.g. 8760 total hours in
year t, of which 6,570 hours are off-peak load, 2,190 hours are peak
load in Haiti)

alith  gWithout gyailability factor of the transmission line at each demand load of

the year (%), with and without project, respectively

gith githout number of planned outage hours of the transmission line at each
demand load of the year t, with and without project, respectively

with without

ot o} number of unplanned outage hours of the transmission line at each

demand load of the year t (%), with and without project, respectively
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Availability of Transmission Line in Off-Peak and Peak Load Hours

During Off- Peak-Load Hours [ =1 (of f — peak load)

. 6,570 — 168 -0
with _ ~ 0,
a; 6570 = 97.4% (3)

. 6,570 — 360 — 0
without _ ~ 0
aj; 6570 = 94.5% (4)

During Peak Load Hours [ = 2 (peak load)

. 2,190 — 0 — 24
with _ = ~ 0
al TTog = 98.9% (5)
. 2,190 — 0 — 48
without _ —’ ~ 0
al TTo0 = 978% (6)
Therefore,
plVith | pWIthout tyansmission losses at each demand load of the year (%)with and

without project, respectively
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D2. Incremental Energy Transmitted from 70 MW Hydro Plant Firm Capacity (50
MW Existing Peaking Capacity + 20 MW Planned Baseload Hydro Capacity)

MWh Generation MWh Generation

ATy = ¥, (Hzt “CFyy - Ket> apth (1 - pltthy -3, (Hu ~ CFy - Ket> - apyithout . (1 — pyyithout)

Total MWh Transmission at Each Load'’ Total MWh Transmission at Each Load

(7107

where:

t year of transmission line in operation (t = 3, ...,40)

l load period (I = 2;1 = of f — peak and 2 = peak load)

e generation units connected and will be connected to the unimproved
transmission line, and will be re-connected to the rehabilitated
transmission line (e.g. 50 MW PHP (serving mostly as peaking load)
+ 20 MW Planned Hydro Dam (serving as baseload)

Hy; total hours in each demand load of the year (e.g. 8760 total hours in
a year, of which 6,570 hours are off-peak load, 2,190 hours are peak
load in Haiti)1o0s

AT, net incremental MWh of GRID energy transmitted from generation

units connected and will be connected to unimproved transmission
line, and will be re-connected to the rehabilitated transmission line
(MWh)

plvith | pWIthout tyansmission losses at each demand load of the year (%)with and

without the project, respectively, pl/ith < pWithout in both periods.

aWith  qWithout gyailability factor of the transmission line at each demand load of
the year (%), with and without the project, respectively, al¥’t" >
alithout in both periods.

CF,;; average capacity factor of hydro generators, of 'e' 50 MW Peaking

and 20 MW Baseload, at each demand load of the year (%),
seasonality in capacity factor is omitted.

K¢ firm capacity of the (e) generation units, 50 MW Peaking Hydro and
20 MW Baseload Planned hydro, in each year (MW)

107 The energy generation from 50 MW hydro and 20 MW hydro will be the same with and
without the project (see capacity factors presented in Table 6). However, the differences in
transmission line losses (p;;) and the availability of the transmission line(a;) captures the
additional energy_transmitted due to an improved transmission line (see Table 7).

108 See Load Hours assumptions.

81



Table D2.1 Incremental Energy During Off-Peak L.oad Hours, Transmitted from 70 MW Hydro Capacity

8.INCREMENTALENERGYTRANSMISSIONMUEA OAMPROVEDLINEEFFICIENCY {kWh) 2015 2016 2017 2018 2019 2020 ... 2030 ... 2040 ... 2050 ... 2059
Flagfor??WITHOUT " Bcenario?
Operation@End@ 2058 Year
Operationferiod flag 1 1 1 1 1 1[... [ 1]... | 1]... I 0
Flagfor?WITH"Bcenariol
OperationBStart®ear 2019 Year
Operation@End@
Operationferiod 0 ) 0 0 1 1] | 1 I 1 I 0
Flagfor® oliener
Year@vhen@lanned®ydr Ehefine{Year! issioning) 2020 Year
Operationferiod flag [ of of of of of 1[... [ 1].... | 1].... I 0
1.NETANCREMENTALENERGY@TRANSMITTEDFROMB0MW EXISTINGANDZ0MWPLANNEDHYDROTAPACITY 2015 2016 2017 2018 2019 2020 2030 2040 2059
A.INCREMENTALENERGYIMPACTSDURINGOFF-PEAKLOADHOURS
Off-Peakoad@ours Hours [ 6570] 6570] 6570] 6570] 6570] 6570] | 6570] | 6570] | 6570] N 6570
WITHOUTRROJECTE
PeligrefydroPlant{Peaking) Bn@nrehabili ransmission(Li mMw [ 50 | 50 | 50 50 50 | 50 | 50 | 50 | 50 | | 0
CapacityFactorDff-Peakours % 30% 30% 30% 30% 30% 30% - 30% - 30% . 30% . 30%
P ydrofP )®n@Wnrehabili T issionflin Mw MY - | (I - | OO, - | O - | (O - | (20 | . | mommmm 20 | o .. | mmmmmmm20 | .. || -
Capacity@actorInDff-PeakHours % 80% 80% 80% 80% 80% 80% - 80% - 80% . 80% . 80%
Transmissionfine@vailability[%) % 94.5% 94.5% 94.5% 94.5% 94.5% 94.5% 94.5% 94.5% 94.5% 94.5%
Linel ingff-Peakil. s % r 4.00%] 4.10%] 4.20%] 4.30%] 4.40%] 4.50%] | 5.50%| N | 6.50%] | 7.50%] N 8.40%
Netff-Peak@oadEnergy omB0MWPeligredydro®lant MWh 98,550 98,550 98,550 98,550 98,550 98,550 -] 98,550 ] 98,550 =] 98,550 0
Net@ff-PeakM.oadEnergy@ransmitted fromB0MW Peligre@ydro®lant MWh 89,405 89,311 89,218 89,125 89,032 88,939 88,008 87,076 86,145 0
Netff-Peakf@oadEnergyGenerated from20MWPlanned@ydro®lant? MWh 0 0 0 0 0 105,120 .| 105,120 .| 105,120 | 105,120 0
NetDff-Peakl gy@'ransmistted from20MW P oPlant@ MWh 0 0 0 [ 0 94,868 93,875 92,881 91,888 0
WITHPROJECTE
Peligrefydro®lantfPeaking) Bn@nrehabilitatedMransmissionfline MW [ 50] 50] 50] 50] 50] 50] | 50] M| 50] ] 50] M| 0
CapacityFactornDff-PeakHours % 30% 30% 30% 30% 30% 30% - 30% - 30% . 30% . 30%
; ydrof )Bnnrehabili ransmission(Lin Mw [ 0] 0] 0] 0] 0] 20 | | 20 | | 20 | ]| 20 | o[ 0
CapacityFactorDff-Peakiours % 0% 0% 0% 0% 0% 80% - 80% - 80% . 80% . 80%
TransmissionineBvailability@%) % 94.5% 94.5% 94.5% 94.5% 97.4% 97.4% 97.4% 97.4% 97.4% 97.4%
L T ission(Li ing®ff-Peak@oad s % 0.00% 0.00% 0.00% 0.00% 1.00% 1.02% 1.22% 1.42% 1.62% 0.00%
Tr ission(inefL ith®Project@uring®ff-Peak(d incr is) = % 4.00% 4.10% 4.20% 4.30% 1.00% 1.02% 1.22% 1.42% 1.62% 8.40%
Netff-Peak@oadEnergy Generated fromB0MW PeligreBydro®lant MWh 98,550 98,550 98,550 98,550 98,550 98,550 98,550 =] 98,550 0
Netff-PeakAoadEnergy@ransmitted fromB0MW Peligrefydro®lant MWh 89,405 89,218 89,125 95,028 95,009 94,817 94,625 94,433 0
Net®ff-PeakAoadEnergyGenerated from20BWPlanned@lydroPlant? MWh 0 0 0 0 105,120 105,120 105,120 .| 105,120 0
Netff-Peak(L gy i omZOMWP ofPlantl MWh 0 0 0 0 101,343 101,138 100,933 .| 100,728 0
INCREMENTALENERGY TRANMISSIONDURINGOFF-PEAKLOADHOURS@FOPERATION?
Netfncremental @ff-PeakfL.oad EnergyTransmistted fromB0MWEydrofPlant?] MWh [ 0 [ 0 | 0 | 0 [ 599% | 6070 | .| 6809 | ] 7548 | .| 8288 | | 0
NetfIncr | Dff-Peakoad gy@ransmistted from ZOMIW P d@ydroPlant® MWh [ 0 | 0 | 0 | 0 | 0 | 6474 | | 7263 | ] 8052 | | 8,840 | M| 0
MWhEo&Whonversion 1000
Netflncr |Dff-PeakiloadEnergyfransmi omBOMWHydroPlantd kWh [ 0 | 0 | 0 | 0 [ 5995782 | 6,069,714 | .| 6,809,036 | .| 7548358 | .| 8287,681 | 0
Netfncr I@ff-Peak@oadEnergydr: i omR2OMWP ofPlantfl kWh [ 0 | 0 | 0 | 0 0 | 6474362 | | 7,262,972 | 8,051,582 | ..| 8,840,193 | 0
NetMotal@ncremental Dff-PeakEnergy@ransmitted from 0MW HydroTapacity kwh [ 0 [ 0 [ 0 [ 0 [ 5995782 | 12,544,076 | .| 14,072,008 | .| 15,599,941 | .| 17,127,873 | 0
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Table D2.2 Incremental Energy During Peak L.oad Hours, Transmitted from 70 MW Hydro Capacity

8.INCREMENTALENERGY@TRANSMISSIONTMUEXOAIMPROVED WINEEFFICIENCY{kWh) 2015 2016 2017 2018 2019 2020 ... 2030 ... 2040 ... 2050 ... 2059
FlagforWITHOUT "Scenariofl
Operation®nd@ 2058 Year
Operationferiod flag 1] 1] 1] 1] 1] 1] [ 1] | 1].. [ 1] I 0
Flagfor@/WITH"Bcenariol
OperationBtartear 2019 Year
Operation@®nd@l 058 Year
Operationferiod flag of of of of 1] | 1].. | 1]... | I 0
Flagfor® ofGenerati ityl]
YearBvhen@lannedHydr: hefLine{Year! 2020 Year
Operationfperiod flag of of of of of 1][... [ 1] | 1]... [ I )
1.NETANCREMENTALENERGY@TRANSMITTED FROMBOMW EXISTINGAND Z0MWPLANNEDEHYDROTAPACITY 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
B.INCREMENTALENERGYIMPACTSDURINGPEAKLOADHOURS
Peakoad®ours Hours 2190] 2190] 2190] 2190] 2190 2190] ] 2190] M| 2190] N 2190 M| 2190
WITHOUT®ROJECT®
Peligreydro®lanti{Peaking)Bn@nrehabilitated Mransmissionine Mw 50 50 50 50 50 50 50 50 50 0
CapacityFactor@nPeakBours % 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Pl ydrofP T Mw 0 0 0 0 0 20 20 20 20 0
Capacity@actorn@eakBours % 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
Transmissionfline@vailability[%) % 97.8% 97.8% 97.8% 97.8% 97.8% 97.8% . 97.8% . 97.8% 97.8% 97.8%
LineMossesDuring@eak@oadMours % 8% 8% 8% 9%] 9% 9% o] 11%] M| 13%] M| 15%] 17%
NetPeakiloadEnergy omB0MWPeligreydro®lant MWh 109,500 109,500 109,500 109,500 109,500 109,500 109,500 109,500 109,500 0
NetfPeakiLoadEnergyransmitted fromB0MWPeligreHydrofPlant MWh 98,524 98,310 98,095 97,881 97,667 97,453 95,311 93,169 91,027 0
Net{Peak@Load[E: omZOMWEP ydrofPlantl MWh 0 0 0 0 0 35,040 35,040 35,040 35,040 0
Net® gy i omZOMIWP ofPlant@ MWh 0 0 0 0 0 31,185 30,500 29,814 29,129 0
WITHPROJECT®
Peligrefilydro®lantfPeaking) Bn@nrehabilitated ransmissionfline MW 50] 50] 50] 50] 50] 50] M| 50] M| 50] M| 50] M| 0
CapacityFactor@nPeakBours % 100% 100% 100% 100% 100% 100% - 100% - 100% 100% - 100%
Pl ydrofPlant d)®BnWnrehabili T Mw 0 0 0 0 0 20 20 20 20 0
Capacity@actorin@eakBours % 0% 0% 0% 0% 80% 80% 80% 80% 80% 0%
Transmissionfine@vailability %) % 97.8%] 97.8%] 97.8%] 97.8%] 98.9%] 98.9%] = 98.9%] M| 98.9%] | 98.9%] | 97.8%
LineflossesMuringPeak@load®Hours % 0.00%] 0.00%] 0.00%] 0.00%] 2.00%] 2.04%) | 2.44%) | 2.84%)| N 3.24%] | 0.00%
Tr. issionLinell ith®rojectDuring® % 8.00%] 8.20%] 8.40%] 8.60%] 2.00%] 2.04%] =l 2.44%] | 2.84%] | 3.24%] M| 16.80%
NetPeak@.oadEnergy enerated FromB0MWPeligre@ydro®lant MWh 109,500 109,500 109,500 109,500 109,500 109,500 109,500 109,500 109,500 [1]
NetfPeaklloadEnergy@ransmitted fromB0MWPeligreydroPlant MWh 98,524 98,310 98,095 97,881 106,130 106,086 105,653 105,220 104,787 0
NetPeakill.oadEnergy omZOMWE ofPlantf MWh 0 0 0 0 0 35,040 35,040 35,040 35,040 0
NetPeakl.oadEnergy T i omZOMWP d ofPlant@ MWh 0 0 0 0 0 33,948 33,809 33,670 33,532 0
INCREMENTALENERGYTRANMISSIONDURINGOFF-PEAKLOADHOURSMFOPERATION?
NetfIncremental®Peak| gydr i omBOBWEP MWh 0 | 0 | 0 | 0 [ 8463 | 8633 | .| 10342 | .| 12,051 13,759 M 0
Netf{ncr Peakl. gy@r i omZOMWP MWh 0 | 0 | 0 | 0 | 0 | 2763 | .| 3309 | .| 3856 | M| 4,403 | |l 0
MWhEo®&Whonversion 1000
Netflncr gy i omBOMWEP kwh 0 | 0 | 0 | 0 [ 8462598 | 8,633,462 | .| 10,342,100 | .| 12,050,738 | .| 13,759,376 | 0
Netfncr |Peak d gyl i omR2OBWEP d kWh 0 | 0 | 0 | 0 0 | 2,762,708 | ..| 3,309,472 | ..| 3,856,236 | | 4,403,000 | 0
Netflncr gyl i omE0BIWHydroapacity kWh 0 [ 0 [ 0 [ 0 [ 8,462,598 | 11,396,170 | .| 13,651,572 | .| 15,906,974 | .| 18,162,376 | 0
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i) Off-Peak Load Energy Savings from 50 MW Existing Peaking and 20 MW Planned Baseload Hydro Capacity

ii) Incremental Peak Load Energy from 50 MW Existing Peaking and 20 MW Planned Baseload Hydro Capacity
Table D2.3

10.FUELBAVINGS{Liters) & ANCREMENTALENERGYTRANSMISSION{kWh)& 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
Off-P gylncr gyr issi -omZ0MWHydroTapacit, ovedr i in
NetMotalIncremental Dff-PeakEnergy@ransmitted romZ 0MWHydroTapacity kWh FIAIAAIGE)  (FOCAAGGE ARG OO 995,782 [W2,544,076 4,072,008 5,599,941 i igd
Netfotal@ncr alE: i B, it ffiicientflant kWh M (e AT T 995,782 2,544,076 4,072,008 5,599,941 7,127,873
AveragefFuel onsumpti ient@ff-Peaking®Plant| liter/kWh f 0.260] 0.258] 0.256[ 0.252 0.250] 0.232] 0.215] [ 0.200] N d
1 d Ehe i BIC load®lant liter [ 0| 0] 0| 1,512,660 | 3,140,976 | ..| 3,268,039 | .| 3,360,154 | .| 3/421,723 | ]l
IncrementalPeak-Load Energy@ransmissionromaotal Bf7 0MWHydroTapacit, ovedr issionfLine
Netfncr nergyd'r i om@0MWydrofLapacity kWh [ of 0] of 0] 8462,598] 11,396,170] .| 13,651,572 .| 15,906,974] .| 18,162,376] M| 0
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D3. Incremental Energy Transmitted from ADDITIONAL 10.00 MW Planned
Baseload Hydro Generation Plant - Due to ENHANCED Transmission Capacity

%’at = Zp Zh(Hlt . CFplt . Kll)t) . a}Agith . (1 _ pn_{ith) ®)

Total MWh of Energy Transmission in BOTH Load

where:

li
Apt

Hlt

CFyit

’
Kyt

with

Pt

with

net_annual incremental MWh of energy transmitted from extra
planned (p) generation in year t (MWh)

total hours in each demand load of the year (e.g. 8760 total hours in
a year, of which 6,570 hours are off-peak load, 2,190 hours are peak
load in Haiti)109

capacity factor of the extra planned generator at each demand load
of the year (%)110

extra generation capacity from enhanced transmission capacity in

year t (MW)

transmission losses at of rehabilitated transmission line, at each
demand load of the year (%)

availability factor of rehabilitated transmission line at each demand
load of the year (%)

109 See Project Variables and Assumptions.
110 In the case of many generators operating on the same transmission line, the capacity factors can be different
as transmission line might induce better dispatching on the system. In our project, this is not the case (see

Table 6).
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Table D3.1. Incremental Energy During Peak

and Off-Peak Load Hours, Transmitted from Additional 10 MW Baseload

Hydro Capacity

9.AINCREMENTALENERGY@TRANSMISSIONMUEX OAIMPROVEDLINETAPACITY{kWh) 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
Flagfor@WITH"Bcenariofl
Operation8tart®ear 2019 Year
Operation@®nd@ 2058 Year
Operationfperiod flag ‘ U[ 0[ 0[ U[ 1[ 1[ [ 1[ [ l[ [ 1[ ﬂ ()‘
Flag(for(® oGener
YearBvhen®lannedydre BheflinefYear! issioning)
Operationferiod 0 0 0 0 0 1] [ 1 | 1 1 I 0
NETAINCREMENTALENERGY@TRANSMITTED FROMADDITIONALAOBMWBASELOADEHYDROMTAPACITYE
A.AINCREMENTALENERGYAMPACTSDURINGDFF-PEAKLOADHOURS
Off-PeakLoadHours Hours TS, 570 CWNEG,570 FENRRNS,570 FHENNNS,570 (HNES,570 FHENHES,S570 TS, 570 .¢_ (TS, 570 2.0 TS, 570 £.E  [S,570
WITHPRROJECT?
Incr i ili T issionfLin Mw [ 0 [ [ 0 [ [ [ M| [ | 10 [ [ 10 [ I 0 |
Capacity@actornDff-PeakHours % 0% 0% 80% 80% 80%
TransmissionfLineRvailabilityf%) % 94.5% 94.5% 97.4% 97.49 97.4%
Linell ingDff-Peakoad s % 4.00% 4.20% 1.02% 1.42% 1.62% 8.40%
Net(ff-Peakil gy fromAdditi MWEP oPlant@ MWh [ 0 | 0 | 0 | 0 | 0 [ 52560 | .| 52560 | [ 52560 | [ 52560 | T 0 ]
Netff-Peakf.oadEnergy ransmitted fr itionald 0MIWP oPlantfl MWh [ 0 | 0 | 0 | 0 | 0 | 50671 | .| 50569 | | 50466 | | 50364 | | 0 |
B.INCREMENTALENERGYAMPACTSDURINGPEAKLOADHOURS
PeakfLoadours MWh TR, 190 CWEEER,190 FEERRRNR, 190 FEEEER,190 (EENER,190 FEEERER,190 TR, 190 2.¢ [, 190 0.0 TR, 190 BB @R, 190
WITHPROJECT?!
Incr o@apacit; habilitated@'r issionfin MW 0 0 0 0 0 10 10 10 10 0
Capacityactorfin®PeakMours % 0% 80% 80% 80% 80% 80% 80% 80% 80% 80%
Transmissionfine@vailability{%) % 98% 98% 98% 98% 99% 99% 99% 99% 99% 98%
Linef.ossesMuring®eakdoad®ours % 8% 8% 8% 9% 2% 2% 3% 3% 17%
INCREMENTALENERGYFROMADDITIONALA 0MW HYDROBASELOADTAPACITY
Net(P: it W ofPlant@ MWh [ 0 [ 0 [ 0 | 0 | 0 [ 17520 | .| 17,520 | [ 17520 | [ 17520 | T 0 |
NetfPeak@oadEnergy@ransmitted fromAdditional 0MWMPlanned®ydroPlantfl MWh [ 0 | 0 | 0 | 0 | 0 | 16974 | .| 16904 | I 16835 | | 16766 | I 0 |
Netflincr |Energy's dfDelivered)EromExtrad 0MWlhenerationTapacityd MWh 67,645 | .| e 7,473 | o] mmme7,302 | | mmmmB7,130 |
Netfncr nergyf'r Delivered)@romExtral 0MW Generation@apacity® kWh ] [ [ [ [ @7,645,070 | .| B7,473,374 | a.] m7,301,678 | | m87,129,982 |
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Annex E: Estimations of Wholesale and Retail Prices of Electricityii1

Marginal Cost of Electricity Generation (HTG/kWh)

PY =w+ (1-w)[s(B]-P)) + 5488 PH] +VC, 9)
Ag

where:

t year

PY average wholesale (w) price of electricity in year t (HTG/kWh)
W fraction of energy delivered from generation units to distribution loads (%)
—increase in this parameter will increase cost-recovery of the electric

utility.112

1 — w; fraction of energy lost on transmission and distribution lines (%)

S¢ share of heavy fuel oil in total wholesale cost in year t (%) - assumed to be
constant at 70%

Btf average variable fuel consumption of heavy fuel oil plants in year t
(iter/kWh)

P/ domestic price of heavy fuel oil for electricity generation (HTG/liter)

Sg share of diesel oil in total wholesale cost in year t (%) - assumed to be
constant at 30%

B average variable fuel consumption of diesel oil plants (liter/kWh)
p2 domestic price of diesel oil for electricity generation (HTG/liter)

VC, average system variable charges (e.g. O&M charges) for electricity
generation (HTG/kWh)

At average system variable fuel and variable O& M cost of electricity
generation (HTG/kWh) — subject to tax at the retail level.

111 Haiti will experience ongoing grid rehabilitation in its electricity sector. The rehabilitations
will be in the form of higher penetration of more efficient generation technologies (reflected in
beta parameters) and improved transmission/distribution line operations (reflected in omega
parameter).

112 It includes both technical and non-technical losses (theft, inability to bill etc.). In our analysis, we take
into account technical line availability and reduction in mechanical losses.
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Retail Pricing of Electricity (HTG/kWh)

Pl=2-(1+t)+FC,+y, +56, (10)

fixed additives
where:
Pr average retail (r) price of electricity in year t (HTG/kWh)
A average system fuel cost of electricity generation (HTG/kWh)

FC; long-run average fixed charges (e.g. fixed O&M, fixed capacity charges etc)
of electricity generation, presented in (HTG/kWh)

Ve long-run average fixed cost of transmission charge (HTG/kWh), a
component of network charge

o long-run average fixed distribution charge (HTG/kWh), a component of
fixed network charge

T, state-mandated tax on electricity consumption (%) - assumed to be
constant at 5%

Constant Variables and Assumptions

s; =70% and s4 = 30%
VC, = 0.003US$/kWh

y =0.02 US$/kWh

6 =0.01US$SkWh

C, = 0.033US$/kWh

7; = 5%.

Time-Dependent Variable and Assumptions

ﬁtf=0= 0.24 and it is declining at a rate of 0.75% per year
B, = 0.32and is declining at a rate of 0.75 % per year

Pt];0= 28 HT'G/liter — subject to risks of world fuel price volatility and exchange
rate. Therefore, the price of HFO is calculated annually.

P& ,= 26 HTG/liter — subject to world risks of world fuel price volatility and
exchange rate. Similar to HFO, the price of diesel oil is calculated annually.
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Table E1. Fuel Cost Calculations for Electricity Generation (UTILITY)

Fuel Cost Assumptions

bbl/liter conversion
HTG/US$ (2015 Average)

Crude Oil Price (1974-2015
Average)
Crude Oil Price

Gas Oil Price

Refinery Charges

International Transport
Charges
CIF Price Diesel Oil

CIF Price Diesel Oil
+Local Transport Cost
Wholesale Price

Excise Tax (6%)

Other Gov't Charges (0%)
Retail Price of Gas Oil

Heavy-Fuel Oil Price

Refinery Charges

International Transport
Charges
CIF Price Diesel Oil

CIF Price Diesel Oil
+Local Transport Cost
Wholesale Price

Excise Tax (6%)

Other Gov't Charges (0%)
Retail Price of HFO

159
55
50.00

0.31

10%
20%

0.41
22.4
10%
24.5
1.5

26.1

20%
20%

0.44
24.1
10%
26.5
1.6

28.2
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US $/bbl

US $liter

of World Crude Oil Price
of World Crude Oil Price

US $/liter
HTG/liter
of CIF Price
HTG/liter
HTG/liter

%of wholesale price
HTG/liter

of World Crude Oil Price
of World Crude Oil Price

US $/liter
HTG/liter

of CIF Price
HTG/liter
HTG/liter

%of wholesale price
HTG/liter




Year Average Real Price of Crude Oil
(US$/Barrel)
1974 43.88
1975 44.80
1976 41.23
1977 41.87
1978 39.23
1979 53.35
1980 77.48
1981 77.42
1982 66.02
1983 55.48
1984 52.69
1985 49.51
1986 26.07
1987 32.41
1988 26.12
1989 30.87
1990 37.03
1991 31.55
1992 29.49
1993 25.86
1994 23.58
1995 24.78
1996 29.18
1997 26.75
1998 18.55
1999 24.33
2000 37.45
2001 31.38
2002 31.07
2003 36.33
2004 47.03
2005 62.13
2006 70.49
2007 75.15
2008 101.61
2009 62.41
2010 79.39
2011 92.97
2012 90.61
2013 92.85
2014 87.20
2015 45.37
L-R Average 49.36

90




Table E2. Dynamic Electricity Tariff Calculations for Utility Sales

12.PRODUCTIONOSTFROMATHEAEAST-FUELEFFICIENTFF-PEAKPLANT{Nominal) B ff-peakloadbe 2015 2016 2017 2018 2019 2020 ... 2030 ... 2040 ... 2050 ... 2059
n(Costifromthe(leastBEfficientWtilityPlantRunningDff-PeakiloadHours
i)Wariable®uelTost
Pri 'y i Atility ricityfieneration HTG/liter 28 31 34 38 42 46 - 119 - 308 - 799 1884
i) Wariable&Mostsfnon-fuel)
A i i B
A i i L i 15 US$/kW
Cl %
BaseloadMours 8760 Hours
) USS$/kw 15 15 15 15 15 15 15 15 15 15
it i inal) US$/kw 15 15 16 16 17 17 23 31 42 55
i inal) HTG/kW 825 908 998 1098 1208 1329 3446 8939 23185 54668
it i inal) HTG/kWh 0.094 0.104 0.114 0.125 0.138 0.152 0.393 1.020 2.647 6.241
13.WTILITYENERGYTARIFF{Nominal, HTG/kWh)Zforpeak-loadbenefit@alculations 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
A.ElectricityTenerationTostsESystemMarginal Tost
) Wariable@uel Lost
Pri y i Wtility rici ation HTG/liter (FFFFFFFFFRNG. 4 3 (FFFFFFFFAIRI. 2 7 (FFFFFFFFFRIA . 4 0 (FFFFRI7 .84 (FRFFFFFFEAN .6 2 (FFFFFFRITS . 7 8 - (FFFFFFFFFER 8.7 5 (FFFFFFFRIO 8.0 0 - (O 8.86 - (FH883.67
har y i t gyl % 70% 70% 70% 70% 70% 70% 70% 70% 70% 70%
Averag y i i qYear®) liter/kWh F 0.24] 0.24] 0241 0231 0.23] 0.23] T 0.21] 4 0.20] T 0.18] T 0.17
Pri il wtilit; 1(E| rici ion HTG/liter 26.40 29.04 31.94 35.13 38.65 42.51 110.26 286.00 741.80 1749.13
Shar i @ % 30% 30% 30% 30% 30% 30% - 30% - 30% - 30% 30%
Aver ilTonsumpti i lants{Year®) liter/kWh 4 0.32] 0.32] 0.32F 0.31F 031 0.31] 4 0.29] T 0.27] N 0.25] I 0.23
Variablefuel@ostor Electricity Generation HTG/kWh M 0.38 | i 1.34 | ... | mmmmR7.27 | . | rmme5.61 | ... | T 57.84 | ... | [MBA7.79
i) WariableM&MCostsfnon-fuel)
Foreign®rice@ndex({US) # (A .00 (FEFFERFEREE .03 CPEFFFEFA).0G [FEFFRNN.0O  [FRNNAM.13  [FEHINL.16 .. .56 09 ... THAR.81
i TG/US$) # MMSS5.00 (WS 8.74 2,73 (66,99 [MWHMA1.55 [ 6.41 . mmma7.47 .. mmmgs4.61 .. mmm549.29 .. @mmmn2.67
L-R@Averag i tCharges US$/kWh 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.003
L-RBveragefFi tm inal, WSE) US$/kWh .00 | ... | .01 | ... | ommmmm.01 | (| .0 1
L-R@veragelFi i inal ITG) HTG/kWh (I, 17 | (. 18 | (. 20 ERITHD. 24 | .27 | . | .79 | ... | o, 64 | | mmmo0.93
AW icity i ts,AncWari jable&MITostsE [i)+(ii) HTG/kWh T 0.63 | M 1.60 | | e 740 | . | mmmez.48 | [ mmse.73 |
B.FixedAdditives
ForeignPrice@ndex(US) # A .0 (HEFFEEFREEN.03  CFFFFEA).06 [FREFIIN.0O  [FRIINAM.13  [FEHRNL.16 .. .56 09 ... THFAEAR.81 ...  [HB.67
i TG/US$) # SS5.00 (WS 8,74 [Hm2.73 (6,99 (MWAMA1.55 [ 6.41 . mmma7.47 .. mmmgs4.61 .. mm549.29 .. @mmmn2.67
L-RElectricityTransmission(Tharge US$/kWh 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
L-RiElectricity@ransmission@harge@Nominal WSH) US$/kWh MTTD.02 | .02 | .. | .03 | .. | .04 | ... | D06 | ... | .0 7
L-RIElectricityTransmissionCharge{Nominal, HTG) HTG/kWh . (. 77 | .. | COmmme59 | . | o .92 | ... | mmmmms0.91 | . | mmmm2.89
L-RiElectricityDistribution@harge US$/kWh 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
L-RElectricityDistribution@harge{Nominal WSH) US$/kWh .01 | (FMHmn.01 | (miD.01 | [mD.01 | [WimiD.01 | mmmms.01 | ... | COD.02 | ... | (.02 | ... | (.03 | .. | (S04
L icityDistributi inal, HITG) HTG/kWh [ 0.55] 0.605 | 0.6655| _ 0.73205| 0.805255|  0.885781] ..|__2.297486| .| _5.9590883] .| _ 15.45634] ..|_36.44524
L-R@Average(Fi . [Fi. d@ ity) US$/kWh [ 0.03] 0.03] 0.03] 0.03] 0.03] 0.03] ] 0.03] M| 0.03] | 0.03] N 0.03
L-R@ver: pacityThar inal WS$)? US$/kWh [ 0.03] 0.03] 0.03] 0.03] 0.03] 0.03] | 0.05] . | 0.06] | 0.08] - 0.11
L-RAverageCapacityCharge{Nominal, HTG) HTG/kWh | 1.65] 1.82] 2.00] 2.20] 2.42] 2.66] =l 6.89 | M | 17.88] [ 46.37 | | 109.34
B.IT i inal, HITG) B A HTG/kWh [ 3.3] 3.6] 4.0] 4.4] 4.8] 53] | 13.8] | 35.8] | 92.7 218.7
ELECTRICITYTARIFFHTG/KkWh)ERA+B
Aver ilPri icitybeforeax) A+B HTG/kWh N4, 12 | (s 46 | mmmmee .92 | - | ommmm7s | [ mmmmss.21 | | mmm77.40
Retail Max®n Electricity 5% %
T: gy i HTG/kWh [T, 4 1 0.53 .58 | . | mmmmm.a0 | . | iz | [ rmmme7.94
Aver ilpri icitywi @r i HTG/kWh 7,50 | .. [ mmmms.as | .. | mmm63.34 | [ mmmm95.34
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Annex F.Valuation of Financial Benefits

1. Financial Value of Production Cost Savings During Off-Peak Load Hours

The production cost savins are generated from incremental transmission from 50

MW Existing

Peaking and 20 MW Planned Baseload Hydro Capacity.

AT,;; > 01in both periods (see Annex D2, equation 7, and Annex Table D2.3)

where |l = 2; | = 1 (of f — peak load),l = 2 (peak load)

During off-peak load hours: | = 1; of f — veak load

ATei = —Aqy,

where:

ATelt

_qult

Vii=1 (11)

net incremental off-peak GRID energy transmitted from 70 MW
generation units connected and will be connected to unimproved
transmission line, and will be re-connected to the rehabilitated
transmission line (kWh)

the least-fuel efficient power plant running elsewhere in the system
during off-peak load hours

the amount of energy displaced from least-fuel efficient plant during
off-peak load hours (kWh) (negative sign indicates displacement or
say reduction)

Liter of fuel consumption of the any plant for each kWh (or per kWh) is known.
Therefore, total fuel savings in liter can be computed as follows11s:

F' =Bl Mgy v, (12)
where:
th the total amount of fuel displaced from least-fuel efficient plant

f
P

during off-peak load hours (liters)

fuel consumption of the least-fuel efficient plant during off-peak load
hours (liters/kWh), assumed to be always heavy fuel oil ‘f* during the
life-time of the project.

113 See Annex D, Table D2.1 and D2.3.
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Aq,: the amount of energy displaced from least-fuel efficient plant during
off-peak load hours (kWh)

Hence, the financial value of production cost savings are as follows:

Financial Value of Fuel Savings

v =F P/ Veier (13)
where:

F th financial value of fuel savings in year t (HTG)

th the total amount of heavy fuel oil displaced from the least-fuel

efficient plant running during off-peak load hours in year t (liters)

Ptf cost of heavy fuel oil (HFO) for electricity generation in year t
(HTG/liter)

Financial Value of O&M Cost Savings

FV{t = My, - —Aqy, Vii=1

where:

Fvm™ financial value of O&M cost savings in year t (HTG)

M, variable O&M expense of the least-fuel efficient plant, expressed in
HTG/kWh.

—Aq the amount of energy displaced from least-fuel efficient plant during

off-peak load hours (kWh) (negative sign indicates displacement or
say reduction)

Therefore, total production cost savings of the electric utility is:
FV of Production Cost Savings (HTG) = FV{ + FV{ V=1 (14)

2. Financial Value of Incremental Peak-Load Sales Revenue
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The incremental peak load sales, valued at electricity price, are generated from
incremental transmission from 50 MW Existing Peaking and 20 MW Planned
Baseload Hydro Capacity.

During peak load hours: | = 2; peak load (see Annex D2, equation 7, and tables
D2.2 and D2.3)

AT, = +ADy, Vii=2 (15)

AT, net incremental peak-load GRID energy transmitted from
generation units connected and will be connected to unimproved
transmission line, and will be re-connected to the rehabilitated
transmission line (kWh), and equal to the, AD,,, the additional
amount of peak energy consumed from GRID during peak load hours
(kWh), equivalent to amount of peak energy reduced from own-
generation sources (economic analysis)

Hence, the financial and economic values of additional sales during peak-load
hours are equal to:

FV$ = AD,, - P} V=2 (16)
where:

FV$ financial value of additional peak sales in year t (HTG)

Py average retail energy price (HTG/kWh)114

3. Value of Transmission Line from Additional Generation Capacity, from
incremental generation from 10 MW Planned Baseload Hydro Capacity

From calculations in Annex D3, equation 8, and Annex table D3.1)
FVv} = Ayt Ve Ve 17
where:

FVP  financial value of additional power from enhanced transmission capacity
(HTG), value of avoided transmission cost

qpe  net_annual incremental kWh of energy transmitted from extra planned (p)
generation in year t (kWh)

Ve average (and fixed) long-run transmission charge (HTG/kWh), fixed
component of network charge.

114 See Annex D.
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Annex G: Parameters for the Estimation of the Economic Costs and Benefits

Table G1.

I]L_egend
Wnit Anput Calculation Mutput | Linked@ell
INPUTSIFORECONOMICRANALYSIS
ElectricitylGeneration@osts@romBelf-Generation{Real)
a.Wariable®nergy®riceomponents
Averagelfuel@onsumption®fBmalldiesel Benerator 0.404 |liter/kWh
Reduction@n@verageMieselFuelonsumtion®fBmall@wn-Gene 0.50% | %
b.WixedEnergy®Pricelomponents
Averagelapitalfost@orBelf-Generationli.e.small@enerator) 0.02 (US$/kWh
Changefin@apitalLost@BfBmallfeneratorsi.e.@eduction) 0% | %
Emissions@romElectricityleneration
Emissiondntensity@fFuels
Average@arbon®Emission®fHFO 2.31 | kg/liter
AverageflarbonEmission®fiDieselfgasoil) 2.68 | kg/liter
Taxes@ndDtherCTharges{forConversionFactorEstimates)
OnﬂFixedIIEapitalﬂ];ems
Trade@ariffdn@mportedCapital@tems 0% %
VATBnAmportedTapitaldtems 0% %
VAT®nAocalBervicesfe.g.Portandling@nd ransportation) 0% %
Labourfi.e@ncome@axes@®n@rossMNominalBnnual@ncome)
Skilled@L.abour@ 15%| %
Semi-Skilled 10%| %
Unskilled 0% | %
On@Petroluem®roductsk
ImportMuty@®n@Petroluem@mports 0% %
Average@ExciseTax@®n@Fuel@Purchases 6% %
Additional@ov'tharges@nFuelPurchasesHforprivate@onsump| 40%| %
National®Parameters
Economic@pportunity@ost@dfEKapital JEOCK) 8% %
Foreign@Exchange@remium{FEP) 5.75%| %
Non-Tradable®Premium@NTP) 0.75% | %
Social@ost@fflarbon 20| US$/tonne
LocalBenefits@ffLarbon@®eductions 0.1% | %
Average@axMistortion{d*),Bor@onversion@Factor@alculations 4% | 9%
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Annex H: Estimates for Marginal Cost of Self-Generation

H.1 Parameters (Inputs and Assumptions)
H1.1 Fuel Cost Calculations for Electricity Generation (OWN-GENERATION)
Table H1. Fuel Cost Assumptions

Fuel Cost Assumptions

bbl/liter conversion 159

HTG/US$ (2015 Average) 55

Crude Oil Price (1974-2015 50.0 US $/bbl

Average)

Crude Oil Price 0.31 US $liter

Diesel Oil Price

Refinery Charges 20% of World Crude Oil Price
International Transport 10% of World Crude Oil Price
Charges

CIF Price Diesel Oil 0.41 US $/liter

CIF Price Diesel Oil 22.4 HTG/iter

+Local Transport Cost 10% of CIF Price

Wholesale Price 24.5 HTG/iter

Excise Tax (6%) 1.5 HTG/liter

Other Gov't Charges (40%) 9.8 %of wholesale price
Retail Price of Diesel Oil 35.9 HTG/liter

Table H2. Plant Efficiency

Generar | % Owrstp | Cpeiy ()| FulTye (Gl Cot TG ime o) | Loabows | "o ey Comentel) e s fceny
Diesel (iiiter) of Generator
(A (B) (C) (D) () (F) (6) o () J
(H) (J)
ol | ; Desd | 2650 0 0% 15%
G2 | 0| D 7800 f % 18
Semd | % f Desd | 4000 f 0% %
SHGend | 10 2 Desd | 4606 s % 100 3600 ]
Sees | M 2 Desd | 47D f I )
SGeb | 1% 3 Desd | GOTTED s % 4
Seen? | 1% 0 Desdl | G000 f I )
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Table H3. Fuel Cost Calculationsiis

Load%  |Gapital Costs (HTGAW)|  Annualised Capital Cost (§KW Annualised Capital Cost| ~ Fuel Consumption Fuel Cost WeightedAver_ageFueI V_VeightedAvevage Weighted Average Fuel
K=g?7eo*e o LZS(;/(C) ) e (intaepr‘eas! r:tse,(F, -L)) (HTG/"W;';,K = 04(“3,':;(\'\"]2)»,0 (HTf,imer) C°”§'T§mg'{gé;;wm Cap",fLCSoSmTi%Wh) 00515(3194‘ W)
3,504 47300 8371 2.389 0.647
3,504 37290 6020 1.718 0539
3,504 29333 4307 1.229 0441
3504 23031 3382 0.965 0.373 35.89 0.404 1.097 14.511
3,504 22990 3375 0.963 0.373
3,504 20258 2974 0.849 0.347
3,504 16500 2423 0.691 0.323
H1.2 Estimations
own _ pown . *
MCPW™ = K" + 9, - Pf (18)
where:
Mcev™m average marginal cost of own electricity generation in year t
(HTG/kWh)
Kown t of ital t f lectricit tion 1 t
p average cost of capital cost for own electricity generation in year
(HTG/kWh)
Iy average variable fuel consumption of small diesel generator for self-
electricity generation oil plants in year t (liter/kWh) 116
P& average diesel fuel cost for own electricity generation in year t
t
(HTG/kWh)
Hence,
MCPY™ = 15.61 HTG/kWh (19)

At the current exchange rate (HTG/US$ = 55), the marginal cost of own-generation
in US$ is about 28.4 US cents per kWh. The capital cost component of self-
generation is approximately 0.02 US$/kWh. For this analysis, capital costs for self-
generation is assumed to remain constant.

115 Calculations in column M are at 12% discount rate.

116 This is weighted-average fuel consumption of small generator, liter per kWh. The estimates are sensitive
to the followings: 1) the share of ownership for each size of generator (column B), 2) generator size and
fuel type (column C, D), 3) the lifetime of generators (column F), and 4) the load factor of each type of
generator ownership (column G).

97



Table H4. Sensitivity Tests on International Crude Oil Prices

Marginal Cost
Local Retail Crude Oil Price, of Own- Average Max
Price International Generation WTP (HTG/kWh)

(HTG/liter)* ($/bbl) (HTG/kWh)

HTG 12.19 USS 35 HTG 11.4 HTG 12.5
HTG 13.93 USS 40 HTG 12.9 HTG 14.0
HTG 15.67 USS 45 HTG 14.3 HTG 15.4
HTG 17.41 USS 50 HTG 15.8 HTG 16.9
HTG 19.16 USS 55 HTG 17.3 HTG 18.4
HTG 20.90 USS 60 HTG 18.7 HTG 19.8
HTG 22.64 USS 65 HTG 20.2 HTG 21.3

Note that the fuel cost dominates own cost of electricity generation; therefore, fuel
prices for own electricity generation and efficiency of small generators are key
variables determining the value own cost of electricity generation. Average fuel
consumption of small generators, 9J;, owned by connected consumers is assumed to

be declining at a rate of 0.5 % per yeariir.

McoV"

WTP"™ =2 % K™ + 0, - P + r*

where:

WTpm™* average marginal cost of own electricity generation in year t
(HTG/kWh)

r* additional reliability premium associated with the power supply

(HTG/kWh), can be attributed to the loss of a comfort, loss of profits

due to outages, etc.

117 Therefore, it is assumed to be declining at a slower rate than the utility generation, which is 0.75%/year.

The assumption can be justified with the size of utility level generators and fuel consumption.
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Table H5. Marginal Cost of Self - Electricity Generation — Private Consumersiis

MARGINALTOSTMFSELF-ELECTRICITY@GENERATION{Nominal) 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
FuelPricesfor®Pri ) ElectricityGeneration
‘WholesaleMiesel@ilPrice@tMomesticMarketBbeforeMaxes HTG/liter [[EW.90  [E7.39  [@HE0.13  [B3.14  [FmEL. 46 [FEFFEFFPACTER0. 1 1 [0 4.0 2 [THITE69.8 1 (TGP 9.8 1 [f650.12
ImportMuty®n@Petroluemdmports HTG/liter [idiiiiiicia) [liidiiisiiiiicz) [iiiiiiiczid Jiiiiza) Jiiidiiiiiaiiizi [lidiiisaiiiiiiicii) [z i) [iiiiidiiiaiiiiien) [iidiiiiic]
AverageExciseMax@®nFuelPurchases HTG/liter (T4 9 [TT.64 | (I8 1 [TH.99 [TTFTATRIE. 19 [TPTTRTT . 4 1 [T, 2.4 [TTTHTNG.19 [T 1.9 9 [TT9.01
Other@ov't@harges,Bnvholesalefrice HTG/liter (.96 | [MN0.96 | [E2.05 | M3.26 | [imimm4.58 | [Mmimme6.04 (TS 1.6 1 [m07.92 (TR 7 9.92 [{60.05
TaxesBn@FuelHor@wn@eneration PHTG/liter [F1.45 | [MN2.60 | M¥3.86 | M5.25 | [MHIMNMNG.77 | [AMIANS.45 [T .85 (N2 4.1 1 [TTHTE21.91 [{59.05
GasMil®PriceBor iy ionflincludi d@ther@harges) HTG/liter [MRI6.36 | [MMR9.99 [E3.99 | @8.39 (T 3.2 3 [FHTTES.55 (IS 1.8 7 3.92 [T, 021.7 2 #,409.17
FEPBn®Fuel®Payments HTG/liter (TR 4 3 [T.58 | (MimL73 | [R91 (FIEFTAOR. 10 |  (FPFTREFPRCRRACER. 3 1 (TS, 9 8 (S 5 1 (IO . 2 4 (B4 88
Economic@ost®ffhasoilforBelf-Generation HTG/liter [TTTE6.3 3 97 [M81.86 | @5.05 [ITHATEIS.56 [T 2 .4 1 10.00 M8 5.3 2 [HTHTIT40.05 @,745.00
A.Marginal FuelCostBfwnElectricitylienerationEconWalue®flReducedPeakBelflieneraiton)
GasMil®PriceBor i ionfincludi d@ther@harges) HTG/liter [RG.36 — [MMAS.99  [MIME.99  [M8.39 i83.23 (G 1.87 [TTITEIO 3.9 2 [T, 021.7 2 [ 409.17
Averageffuel ion®fBmall@iesel atorld liter/kWh [ 0.40] 0.40] 040 o.40f 0.40[ 0.37] . 0.36] N 0.34] .| 0.32
MarginalFuel LostBfwn-Generationfinc.Bffax@And BtherEov't@harges) HTG/kWh | 14.69] 16.08] 17.60] 19.26] 21.08] 56.91] M| 140.40] M| 346.36 | 780.67]
B.[CapitalCostsForBelf-Generation{GeneratorTost)
Foreign®rice@ndex{US) # [T, 0 0 (T 0 3 .06 M09 (TTTFTPTRITINTNI 13 [TFITTRTTN 1 6 (TTFFITFTHITTIT L 5 6 (TR O 9 (TTFFFPTRRTAINGA 8 1 (TR 6 7
Expected@ominalExchangeMatefHTG/US$) # [MEG.00  [AMAMES.74  [WBR.73  [M6.99 [TTFTTINL .5 5 [T G .4 1 [TTTHRA 7.4 7 T8 4.6 1 [TIFFTATRTERA 9. 29 ... [mmp2.67
Average(Tapital CostBorBelf-Generation(i.e.smallEenerator) uss/kwh [ 0.02 0.02 0.02]  o0.02] 0.02] 0.02] 0.02 0.02] | 0.02] .| 0.02
Capital@ostBorBwn-generation HTG/kWh | 1.10] 1.21] 1.33]  1.46] 1.61] 1.77] 4.59] 11.92] | 30.91] | 72.89]
Marginal PRIVATECost®fElectricityGeneration{A+B)
Marginal@ost@fBelf-Generation HTG/kWh MNS.79 | [MmN7.29 | [8.93 | m@0.72 (TP 1.5 1 TS 2.3 2 (TTITSI7 7.27 M853.56
MarginalEconomicFuelBAndLapitalTost@fBelf-Generation FHTG/kWh [fN1.74 | [OAfN2.85 | [@4.08 | @5.41 (TS . 8 2 (1 3.6 1 (A8 1.7 8 (T3 8.34
TaxMistortionsf=Undistorted@Economic®M CBDistortedPrivateMC) HTG/kWh [T 0 5 (.43 | (L85 | [ME.31 (TS .69 (TS, 7 1 (TS .49 [215.22
ECONOMICWALUEMFMREDUCEDPEAKLOADBELF-GENERATION{Real) 2015 2016 2017 2018 2019 2020 2030 2040 2050 2059
Domestic@®rice@ndex # 1.00 1.10 1.21 1.33 1.46 1.61 4.18 10.83 28.10 66.26
Millionfo@housand@onversion 1,000,000 #
Net@ncremental@®eak@Energy @ ransmittedfrom@ 0MIWEydroCapacity EWh 0 0 0 0 8,462,598 11,396,170 13,651,572 15,906,974 18,162,376 0
Marginal@ost@fBelf-Generation HTG/kWh [fRG.79 [N 7.29  [EB.93  [R0.72 IR 2.69 (T 4.84 ... (TS 1.51 . (TP 5 2.3 2 ... (MMTMTB77.27
WalueBfReducedPeak-LoadBelfeneration@osts(i.e. Private@onsumers) HTG | o) [ ommmm [ mmmmm | mmm | 31,142,535 | 075,782,942 | .. | 201,011,264 | .. | 223,625,156 | ... | 143,825,886 | ... |
Walue®fReducedPeak-LoadBelffienerationTosts(i.e.frivate@onsumers) Million®TG | R | (OO | mmm | o | oommmsl.4 | mmm75.78 | .. | ‘ommm2o1.01 | ... | mmmmmm®R23.63 | . 43.83 | .. | o
TaxMistortionsf=UndistortedEconomic®M CBDistortedPrivateMC) HTG/kWh (HTTRS. 05  (CEFFFNEPPOOR.4 3  (HFFFACRS.B5  (R.31  (EFFECCEROGON®.Q1  (EEFFFREEFOERING.3 6 ... (FITREEFOCRANL 5.69 (TP 8.7 1 [TEFREFFFE 5.4 9 ... [@15.22
Value®ffReduced TaxesfromReducedBelf-Generation HTG [ of of of o[ 33,587,709] 45,004,781 .. 51,275891] ..| 56,826,242 61,711,320 .| )
Value®fReducedTaxesfromM®educedBelf-Generation Million#HTG | 0.0] 0.0] 0.0] 0.0] 33.6[ 45.0 | 51.3] 56.8] 61.7] | 0.0

118 Domestic fuel cost for self-electricity generation is initially estimated from world price of crude oil, and its price is expressed in US$. The annual nominal prices of fuels
are converted into their HTG values through adjustment with the annual price index of the US and nominal exchange rate in the same year.
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Annex [.Valuation of Economic Benefits

1. Economic Value of Production Cost Savings During Off-Peak Load Hours

The production cost savings are generated from incremental transmission from 50
MW Existing Peaking and 20 MW Planned Baseload Hydro Capacity

Recall equation 13, Annex F.
Fth = Pi{ ' Ptf Vii=1

Economic Value of Fuel Savings

EV! = FV/ - cvFf Veier (21)
where:

E th economic value of fuel savings in year t (HTG)

F th financial value of fuel savings in year t (HTG)

CvF/ the conversion factor of heavy fuel oil

Economic Value of O&M Cost Savings

Recall equation 14, Annex F; financial Value of O&M Cost Savings

FV{™ = My, - —Aq e Vii=1

Using CSCF for O&M cost savings, we get the economic value of such savings from
the following calculation:

EV™ = FV™ . CyF™ Viiot (22)
where:

Fv™ financial value of O&M cost savings in year t (HTG)

EV™ economic value of O&M cost savings in year t (HTG)

CvF™ the conversion factor of O&M costs

Therefore, the total economic value of the total production cost savings are:

EV of Production Cost Savings (HTG) = EV{ + EV] V=1
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2. Economic Value of Incremental Peak-Load Sales Revenue

The incremental peak load sales, valued at marginal cost of self-electricity
generation, are generated from incremental transmission from 50 MW Existing
Peaking and 20 MW Planned Baseload Hydro Capacity.

During peak load hours; | = 2; peak load

AT oy = +ADy, = _AngN Vii=2 (23)
where
—Agqi’™ the amount of energy reduced from self-electricity generation, equal

to amounts of peak-load energy delivered by the utility (negative sign
indicates displacement or say reduction of self-electricity generation
during peak-load hours)

Therefore,

EVi = ADy, m:t;wn Vii=2 (24)
where:

EV? economic value of additional peak sales in year t (HTG)

Mcevn marginal cost of self-electricity generation (HTG/kWh)1i19

3. Economic Value of Transmission Line from Additional 10 MW Generation
Capacity

Recall equation 17, Annex F; financial Value of Transmission Cost avoided:
F th = %t Ve Vi

The economic value of transmission costs avoided is therefore:

EV? = FV? - CvF?P Ve (25)
where:

EVP  economic value of additional power from enhanced transmission capacity
(HTG)

CvFP conversion factor estimated for transmission costs avoided for generation
expansion.

119See Annex H.

101



4. Economic Value of Emission Reductions

Emission Savings from reduced utility electricity generation

Recall equation (12), presented in Annex F.

Ff =Bl - Aqu,

where:

th the total amount of fuel displaced from least-fuel efficient plant
during off-peak load hours (liters), estimated from

B;t the fuel consumption of the least-fuel efficient plant during off-peak
load hours (liters/kWh), assumed to be always heavy fuel oil ‘f’ during
the lifetime of the project.

Aq,; the amount of energy displaced from least-fuel efficient plant during

off-peak load hours (kWh)

Emaission Savings from reduced peak-load self-generation

Recall, fuel consumption of self-generator (Annex H, equation 18)

Iy average variable fuel consumption of small diesel generator for self-
electricity generation oil plants in year t (liter/kWh)

Recall statement 23, Annex I.

ATy = +ADy, = —Agp"" Vii=2
where
—Agqi’™ the amount of kWh energy reduced from self-electricity generation,

equal to amounts of peak-load energy delivered by the utility
(negative sign indicates displacement or say the reduction of self-
electricity generation during peak-load hours).

Therefore, liters of diesel fuel saved from self-electricity generation is:

F& = qp*™ - 9 Vii=2 (26)

where
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F£* liters of diesel fuel saved from reduced self-generation during peak
load hours, every yeari2o

Therefore, tonnes of carbon emission saved from utility electricity generation is:

_ rtcol | F&*-cod

Ee = 1000 1000 (27)
where

E; the carbon emissions reduced in year t (metric ton)

C 0{ the carbon intensity of heavy fuel oil (kg/liter)

co4 the carbon content of diesel fuel (kg/liter)

Therefore, the economic value of tonnes of carbon emission saved from utility
electricity generation is:

EVE, the economic value of carbon emissions reduced in year t, HTG
€y emission benefits to locals (%)
Pf social cost of carbon (HTG/ton)

Annex J.Derivation of Impacts on Externalities

The relationship between financial and economic analysis of the appraisal:

PvEOCKZEi — NPVeEOCK _ NPVfEOCK
i

Following, CSCF estimates, presented in Table 13, there exist external benefits
and/or costs for each project item as long as CSCF (or CvF) is different than 1. If
the conversion factor for benefit item is greater than 1, the economic value of that
item is larger than it is to electric utility (so NPV economy improves), vice -versa.
If the conversion factor for cost item is greater than 1, the economic cost of the item
1s larger than its financial cost (so NPV economy decreases), vice-versa.

120 Note that there will no reduction in emissions from utility peak-load supply. The reason is that
utility will not save fuel during peak-load hours. And even hydro-generation emits pollution, such
emissions cannot be deducted because emissions are released at the generation level, not the
transmission level.
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1. Derivation of Externalities from Production Cost Savings

Fuel Savings
jeld ,
cvFf <1255 EV] < FV! = Gov'Tax Losses (-) (29)

0O&M Cost Savings

jeld ,
coFm < 1255 EV{ < FV{* = Gov Tax Losses (—) (30)

2. Peak-Load Utility Sales = Reduced Peak-Load Self-Generation

The marginal cost of own generation is more expensive than utility cost of electricity
generation (so retail price). This is due to the higher price of diesel oil for the own cost of
electricity generation, and ownership of less fuel-efficient generators used for own
generation, as outlined in Appendix E and H.

. __ yield
MCP"™ > Pr 255 EVE > FVE = Consumer Surplus (+) 3D

Both MC*™ and P! are tax inclusive. Therefore, they are distorted prices. The tax
1mpacts of the gov't can be computed from the difference between their undistorted
price and distorted price. The electric utility will sell more of peak-load electricity.
Therefore, the gov't will generate extra tax revenue. The consumers will reduce
their fuel purchases as they will shift their consumption from own generation
sources to utility supplied energy. Therefore, the gov't will lose tax collections from
them.

— jeld

MC?Y™ > Undistorted marginal cost 2 Gov't Tax Loss(—) (32)
— yields

P/ > Undistorted price — Gov't Tax Gain (+) (33)

3. Transmission Costs Avoided (see Table 13, p. 41)

yields p m , .
CvFP > 1——> EV; > FV; = Gov Tax Gain (+) (34)

4. Grants (see Table 12, page 40).

jeld
CvF9 = 0255 Other Projects (—) (35)

5. Emission Reduction Benefits (see Table 12).

ield
EVE, > 1 e Benefit to Locals (added as part of benefits to electricity consumers)
(36)121

121 Environmental benefits are for all locals because emission benefits are non-excludable and non-rival in
nature. However, for simplicity, they are included as part of consumer benefits. These benefits are very
little in comparison to bill savings consumers would acquire.
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