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DR

ECG
ECOSOC
ECOWAS
EDF
EETC
EIB

EITI
EREDPC
ESRA
ESRP

EU

EUEI PDF

Alternating Current

Austrian Development Cooperation

Agence pour le Développement de I'Electrification Rurale
Spanish Agency for International Cooperation for Development
Abuja Electricity Distribution Company

Rural Electrification Agency of Cameroon

Agence Francaise de Développement

African Development Bank

African Development Bank Fund

Agenda for Transformation

Agence Malienne pour 8 S@St 2 LILISYSY i RS f Q9ySNHAS 52YSaiAldz
Alliance for Rural Electrification

1 3Sy 0SS {SyS3arftlAaS RQOt SOUNRTAOIGAZ2Y wdzNI £ S
Building Capacity

Build, Own, Operate

Balance of System

Build, OperateTransfer

Beyond the Grid

Capital Expenditure

Copperbelt Energy Corporation

International Center for Tropical Agriculture

Climate Investment Funds

Cote d'lvoire, Liberia, Sierra Leone and Guinea

Crude Palm Oil

Danish International Development Agency

Direct Current

German Investment and Development Company

Digital Elevation Model

Development Finance Institution

Department for International Development

Decentralized Grids

Commission's Directorat&eneral for International Cooperation and Development
Distribution Royalties

Electricity Company of Ghana

Economic and Social Council

Economic Community of West African States

European Development Fund

Egyptian Electricity Transmission Company

European Investment Bank

Extractive Industries Transparency Index

Ethiopia Rural Energy Development and Promotion Center
European Solar Radiation Atlas

Economic Stabilization and Recovery Plan

European Union

European Union Energy Initiativ@®artnership Dialogue Facility
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EVD
FAO
FDE
FDFA
FDI
FDSEL
FFEM
FMO
FUNAE
FY
GBEP
GDI
GDP
GEF
GGGl
GHCN
GHI
Gll
GIS
Glz
GoL
GRASS
GTG
GW
GWh
HC1
HDI
HFO
HIPC
HSD
HV
IAM
IBRD
ICF
ICT
IDA
IEA
IFC
IHDI
11B
IMF
IMIC
INEP
IPP
IRENA
ITCZ
JICA
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Ebola Virus Disease

Food and Agriculture Organization of the United Nations
Fonds de Développemende I'Electrification

Federal Department of Foreign Affairs

Foreign Direct Investment

Fonds de Développment du Secteur de I'Electricité
French Facility for Global Environment
Netherlands Development Finance Company
Fundo de Energia de Mogcambique

Fiscal Year

Global Bioenergy Partnership

Gender Development Index

Gross Domestic Product

Global Environment Facility

Global Green Growth Institute

Global Historical Climatology Network

Global Horizontal Irradiation

Gender Inequality Index

Geographic Information System

Deutsche Gesellschaft fur Internationale Zusammenarbeit
Government of Liberia

Geographic Resources Analysis Support System
Growingthe Grid

Gigawatt

Gigawatthour

HelioClim1

Human Development Index

Heavy Fuel Oil

Heavily Indebted Poor Countries

HighSpeed Diesel

High Voltage

Incidence Angle Modifier

International Bank foReconstruction and Development
International Climate Fund

Information and Communication Technology
International Development Association
International Energy Agency

International Finance Corporation

Inequality adjusted Human Development Index
International Investment Bank

International Monetary Fund

International Mining & Infrastructure Corporation
Integrated National Electrification Program
Independent Power Producer

The International Renewable Energy Agency
LYGSNITENRLIAOIE [/ 2y@SNARAZ2Y %2y S
Japan International Cooperation Agency
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KETRACO
Kfw
KP
kw
kWh
LACEEP
LCOE
LCPDP
LEAP
LEC
LERC
LF

LHS
LIBCO
LIRENAP
LISGIS
LPG
LPRC
LT
LUC
LURD
LV
MDG
MIGA
MIS
MLME
MoP
MPI
MSME
MSW
MV
MW
MWh
MWL
NASA
NCEI
NDF
NEDCo
NEO
NEP
NGDC
NGO
NGP
NIC
NOAA
NORAD
NPFL
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Kenya Electricity Transmission Company Limited
Kreditanstalt fur Wiederaufbau

Kyoto Protocol

Kilowatt

Kilowatthour

Liberia Accelerated Electricity Expansion Project
Levelized Cost of Electricity

Least Cost Power Development Plan

Local Enterprise Assistance Program

Liberian Energy Corporation

Liberia ElectricitiRegulatory Commission

Lease Fee

Liberian Hydrological Services

The Liberian Rubber Corporation

Liberia Renewable Energy Access Project
Liberia Institute of Statistics and Gédormation Services
Liquefied Petroleuntcas

Liberia Petroleum Refining Company

Linke Turbidity

Levelized Unit Cost

Liberians United for Reconciliation and Democracy
Low Voltage

Millennium Development Goals

Multilateral Investment Guarantee Agency
Management Information System

Ministry of Lands, Mines and Energy

Ministry of Power

Multidimensional Poverty Index

Micro, Small and Medium Enterprise(s)
Municipal Solid Waste

Medium Voltage

Megawatt

Megawatthour

Mean Water Level

National Aeronautics and Space Administration
National Centers for Environmental Information
Nordic Development Fund

Northern Electricity Distribution Company

NASA Earth Observations

National EnergyPolicy

National Geophysical Data Center
Non-Governmental Organization

National Gender policy

National Investment Commission

National Oceanic and Atmospheric Administration
The Norwegian Agency for Development Cooperation
National Patriotic Front of Liberia
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NRECA
NVE
NZAID
O&M
ODA
OECD
OFID
OPEX
OoTP
PHED
PNBEPH
PPC
PPP
PR
PRG
PRS
PV
REA
RED
REEEP
REF
REFUND
RESMP
RMSD
ROT
RPM
RREA
SAPP
SBCS
SDC
SDG
SEA4AIl
SHS
SoDa
SP
SR1B
SR2
SREP
SRTM
SSA
STC
TB5
TJ

UK
UNDP
UNECA
UNFCCC
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National Rural Electric Cooperative Association
Norwegian Water Resources and Energy Directorate
New Zealand Aid Program

Operation & Maintenance

Official Development Aid

Organisation for Economic @peration and Development
OPEC Fund for International Development
Operational Expenditure

Other than Power

Port Harcourt Electricity Distribution Company
Programa Nacional de Barragens cBhavado Potencial Hidroeléctrico
Power and Petrol Contribution

PublicPrivate Partnerships

Performance Ratio

Partial Risk Guarantee

Poverty Reduction Strategy

Photovoltaic

Rural Energy Agency / Rural Electrificatharthority / Rural Electrification Agency
Regional Electricity Distributors

Renewable Energy and Energy Efficiency Partnership
Rural Electrification Fund

Rural Energy Fund

Rural Energy Strategy and Master Plan
RootMean-Square Deviation

Rehabilitate, Operate, Transfer

Rotations per Minute

Rural and Renewable Energy Agency

Southern African Power Pool

Solar Battery Charging Station

Swiss Agency for Development and Cooperation
Sustainable Development Goal

Sustainable Energy for All

Solar Home System

Solar Radiation Data

Social Protection

St. Paul River 1B Hydropower Plant

St. Paul River 2 Hydropower Plant

ScalingUp Renewable Enerdgrogram

Shuttle Radar Topography Mission

SubSaharan Africa

Standard Test Conditions

TerrainBase 5

Terajoule

United Kingdom

United Nations Development Programme

United Nations Economic Commission for Africa
United Nations Framework Convention on Climate Change
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UNIDO
us
USAID
usD
USTDA
WACC
WAPP
WB
WGI
WHO
WHS
WMO
WRDC
WTP
WWiI
WWII
YEDC
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United Nations Industrial Development Organization
United States

United States Agency for International Development
United States Dollars

US Trade and Development Agency

Weighted Average Cost of Capital

West African Power Pool

World Bank

Worldwide Governance Indicators

World Health Organization

Wind Home Systems

World Meteorological Organization

World Radiation Data Centre

Willingness to Pay

World War |

World War lI

Yola Electricity Distribution Company
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EXECUTIVE SUMMARY

Introduction

G{YlFrtft fA3IKG (2RI &Hs déchniEnt prasehh 0 S AX 2 REEP dvidaN £ 9y
Master Plan(RESMP) for the period until 2030 and aims to set clear targets, to identifyclestst
projects and technologies, to propos@rcrete investmentsfor funding andimplementation, with
appropriateinstitutional frameworkand capacityto increase energy access and renewable energies to
GKS O2dzy i NEB Q& NHzNI ¢ meanMd &lldareds yarbopuldfondritsidé bf2gyeater
Monrovia ¢ KA & R20dzyYSyd NBaALRYyRa G&@{ Y[IXESNRA DE(GT t NS
¢ 2 Y2 NNE g respoyid® towo global development goals the Sustainable Energior All
(SE4ALlgnd Sustainable Development GoggGs).

Country context and background

Energy access is a key component of INe IA@@dda for Transformation (AfT) andgost-Ebola
recovery strategy.Liberia was finally on the path of growdnd developmentafter fourteen years of
devastating civil waand ten years of uninterrupted peacghen it was hit by the Ebola outbreak
20140 ¢ KS 9062fl 2dzioNBF]1 KFER I RS@IFadradAy3a AYLI C
of Liberians. A recovery plan was approved in 2015 with Energy Access and Renewable Energies beir
key compoent as energy infrastructure is critical to enable economic activity, output and growth, but
also a key lever to strengthen resilience, reduce vulnditgband promote gender equality through
improvedhealth, educationand securityservices.

[ AGSNAI Qa SySNHe | 00Saa Aa & Déspite sodeproyresg ghShe 2 7
electrification of Monrovia- the country capitat Liberia has still one of the lowest grid electrification
rates in the world with lesthan 3% of the population connected to grid powemeaning less than 10%

in Monrovia and less tha@.5%in the rest of the country. This leaves the vast majority of people reliant
upon various informal and unreliable systerasd leads also to an intsive use of diesel based
generators in the less rural areas of the country.

Despite high renewable energy potentiaklectrical energycost is one of the highest in the world
relying mostly on fossil fuelsLiberia has more tha2.3 GW of hydro potential identified and a
widespread solar irradiation and biomass vegetation. Many locations across the country offer the
potential for lower cost renewable electricity. Howevegpulatiors with electricityin Liberiaface one

of the highest costs of electricity in the world withe Liberian Energy CorporatiobEQtariffs of USD

0.50 per kWh and power mostly generated from fossil fuels.

The Master Plan is based on the principles and policies of Efficiency, Eq@tstainability,
Transparency, Private Sector participation and Regional cooperatibhe National Energy Policy
principles remain effective, namely the principle lefast cost development taking account of the
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economic, financial, social and environmental factors and the special needs of the poor; the principle ¢
promoting equity across regions, social classes and genders while balancing efficiency on the allocati
of the available resources; the principle optimizing the use of our indigenous and renewable
resources in a sustainable watjyie policy of facilitating private sector investment; the policy of a
transparent and independent regulatory process to ensure safe, secure, reliable and sustainable powse
at a costreflective but affordable price; and the policy of promoting regional cooperation.

Vision and objectives for rural energy until 2030

Building a long term visionLeast cost studies show in the long term (potentially 2050) thetmos
STTAOASYG gl @& G2 ONARY3I . A3 [AAKGE (G2 [AOSNRI
and 96% of potential consumption with the remaining 11% scattered amo®@0 off-grid small
settlements. However, the Government of Liberia opted not to delay access to energy for those fa
away from the existing G A2y f DNARR YR (2 o0SYySF¥AG FNRBY
The priority and scenario for rural energyto start building the least cost long term vision based on
Medium Voltage(MV) investments, Decentralized Grids and Renewable Energies that can maximize
number of connections in an equitable way across the country until 208@m Monrovia to cities ad
towns, from cities and towns to more rural areas.

Ambitious objectives until 2030 for RSOSY i N} f AT SR YR SldzAGlof S
term vision:
w Electrification rate for the population outside of Monrovia of 10% in 2020, 20% in 20235%
in 2030, electrifying the largest cities and towns of the country first.
w All county capitals,health facility andsecondaryschools electrified already before 2025.
w 10 largest settlements in each County to be electrifisd2030 with minimum electrification of
15% per County.
w More than 75% of all electricity generated from renewables by 2030 with 19% coming from
other than large hydro: MinAhydro, Solar and Biomass.
w Universal access to affordable solamps, efficient appliances ammok stoves
w Cooking gas available in all county capitals and efficiently produced charcoal widespread acro:
the country.

Rural Energy Action Plan

FivePrograms for rural electrification of Liberialfhe Master Rn identifies 92 projects and investments
to electrify 265000 homes and BM people outside Monrovia until 2030. Treetion dan and rural
energy projects are structured under 5 main programs
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1 GTG: Growing the Grid Program
Expanding Medium Voltage grid from the three planned corridors outside of Monrovia (Kakata,
Kle and RIA), from new proposed corridors starting fi@barngaand fromthe/ t S R QL ¢
Liberia, Sierra Leone and Guinea interconnecti®@lLS{ sub-stations and Shield Wire,
representing a total investment ofJSD308M and the electrification of 16300 homes.
Additionally, GTG includes additionaSD242M investment in osgrid renewable generation to
be installed outside Monrovia.

1 DG: Decentralize&®rids Program
Building large decentralized grids supportbg renewable generation, cross border inter
connections and Medium Voltage gridgojnjama Pleebo/Fishtown, Zwedru and Greenville);
guaranteeingthe electrification of the 10argest settlements in each County, if not under GTG
program, than through the development of transitional solar/diesel low voltage -grids.
Represents a total investment tiSD292M and the electrification of 9800 homes.

1 BTG: Beyond the Gridrogram
Electrifying community servicebouseholdsand public buildings where the grid is not expected
before 2025 through 100% solar based -gfid solutions, prioritizinghealth, education
(secondary schools) arscurity (police stations, checkpoints, courthouses and public lighting);
electrifying 75 future offgrid settlements in an equitable way across counties mainly through
Solar Home SysteniSHSyvhile promoting the sale and rental of solar portable lasgy smaller
Solar Home y&tems across the country. Represents a total investment8D16M and the
electrification of4 000homes.

1 OTP: Other than Power Program
Promotingefficiency in buildings, appliances and cookidgyelopingLiquefied Petroleum Gas
(LPG storage and filling infratructure while promoting availability of cooking gas in all county
capitals; promoting efficient charcoal production and efficient cook stovesjuires a total
investment ofUSD24M.

1 BC: Building capacity
Creating the capacity, the institutional framework, the organization, the informatmal
managementsystems and the infratructure to implement the Master Plarequiresa total
investmentof USD52M.

Investment requirements and funding strategy

USD746M still to be funded mostly for the period between 2020 and 203erom the required
USDO35M, around USD140.8M are already committedand an additional USD45M secured,
representing a total ofJSD185M ¢ mostly from African Development Bank, World Bank and European
Union. Most of the secured funding will be deployed in the first phase @20R0) representing a
significant part of the estimated investment &fSD262M during that period. A gap d#SD749M
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remains to implement the Rural Energy Master Plan with additi€i8D102M being required in the
next yearslJSD303M between 2020 and 2025 and the remaining until 2030.

A compelling case for fundinglhe RESMP benefits from a strong initial focus on the electrification of
the main cities and towns outside Monrovia (65% of all rural clients in 2030) where there is busines
activity and some capacity to pay for energy services. The support studies tsiadwf initial
investments indistribution and renewablebased generation have a strong component of grants and if
consumers are charged for what they consume based orppré meters and reasonable tariffg is
possible to createa financially sustainable system that can maintain the assets, pay for running costs
and fund a part of the growth investmentpotentially leveraging on a robust Rural Energy Fund
(REFUND) to mitigate risks and reduce interdatthe National Grid where generation cost is lower due

to regional imports and large scale hydro investments, investmenteemewable generation and
distribution can also be funded using Development Finance Institutipidsynd the private sector.

Institutional framework and private sector participation

RESMP institutional framework is based on a Public Private Partnership mdded. implementation
challenge requires strong private sector involvemenin line with the recently approveelectricity
legislation. However, the need to combine a strong grant component to achieve affordable tsifs,
requires strong doror involvement with competent public sector interface and an acceptable asset
ownership model.

The Regional Distribution Companieét least SRegional Distribution Companies will be created to
manage all Distribution activities in specific regi@nsne from LEC and others based on existing cross
border grids, CLSG sstations and future large decentralized grids. Distribution companies will manage
all distribution activities in their allocated region, either on or off national grid, except lamg ¢éf-grid
locations which may be managed by small local companies or cooperatives. Liberia Electricil
Regulatory Commission (LERC) will regulate Distribution Companies revenues and tariffs guaranteel
an adequate cost recovery and return on investmethile reducing differences in tariffs through use of
REFUND as a balancing mechanism.

LEC National Grid Company or UiiEC Transmission and System Operation activities should be set uf
AY Ly Ldzi2y2Y2dza a[ 9/ bl GA2y| fal Dishibukon and Gdnkratigh 2
Conpanies without discrimination.This unit will also procure energy from -gnd Renewable
Independent Power Producers (IPP) and other grid connected generation units in order to guarantee
secure and competitive sourcinfpr all Distribution Companies connected to the National Grid.
Regional Distribution Companies will be allowedbtocure partof the energy they consume directly,
under limits to be approved by LERC

Other private operators will be involved in rentat retail/supply ofsolar portable lamps, and non
electrical energyefficient mok stoves or cooking gas and related equipmeRural Services Unit(s)
(RSU) will give support in procurement and wholesale of Solar Portable Lamps, in monitoring progre:
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and to Distribution Companies on ppaid meters. Petrol retailers will be required to distribute and
make available cooking gas in different sizes down to at least 6 kg per bidtdeliberian Petroleum
Refining Company.PREwill also support LPG impis and storage.

Coordination, monitoring and communication

Coordination and monitoring RREAwill coordinate, supervise, and report progregsarly on the
implementation of the Master Plan, while thidinistry of Lands, Mines and Ener@yLME)will provide
policy oversight and monitoring of the Master Plaalongwith the National Energy Committe€lhe
latter will includeall relevantministries, agencies, Civil Societtye private sector,and county official
and shallmeet at least once every ye#w review progress made on the implementation of the Master
Plan

Communication A website will be developé by RREA to communicate tmeplementation andesults

of the Master Plan and the Rural Electrification database and stati€itber means such dwochure,
newsletter, etc will be prepared tgorovide information to the general public on the implementation of
the Master Plan
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1 INTRODUCTION

1.1 FOREWORD

The Rural and Renewable Energy Agency (RREA) is mandated by its Legislation to develop
collaboration with the Ministry of Lands, Mines & Energy and other stakeholders a Rural Energy Stratec
and Master Plan for Liberia. The Master Plan shall be formadlan the basis of wetlefined project
selection and prioritization criteria designed to ensure enhanced energy access with equity, sustainabl
development and optimal use of indigenous and renewable resources, and ensure that these ar
integrated into the national energy Master Plan. This document besnprepared in fulfillment of this

very important mandate.

Recently we suffered one of the most tragic civil wansiodernAfrican history, and then, just when we
had substantially recovereandbegun togrow our economy the Ebola crisis came. It is once again time
to rebuild our nation, to recover productivity and growth, to strengthen our resilience and reduce
vulnerability with sustainable public finances and real results. Energy is one of the keyntdeane
priorities for our recovery and for our development. Together with roads and communication, energy is
critical for economic activity, for health, for education and for security.

Liberia has one of the lowest electrification rates in the world aidhe same time, one of the highest
electricity tariffs globally. It is mnajorimpedimentto growth and development ihealth, education and
securityof the people, a huge restraint economic activity and job creation.

Some progress has beemadein Monrovia. With donor€contributionsthe Government i®lectrifying

the city of Monrovia and its environsand with the rehabilitation of Mount Coffee we expect that
electricity will become more affordable and that many diesel generators and consumers cyrrentl
outside of the grid willbe connected tdhe main gridsooner than later

On the other handwe cannot ignore and leave the rest of the countiiyhout electricity. It is therefore
imperativeto invest inrural electrificationbecause we stilhaveto electrify the cities and towns the

rest ofthe countrytaking advantage of the vast renewable energy resource potenttadre affordable
electricity is supplied tsupportsocial andeconomic activiesthus leading to productive uses, and job
creation This Rural Energy Master Plan serves stsadegic roadmap for providing access to improved
energy services as well as integrating energy into rural development programs and activities in Liberi:
Identifying viable projects that can be maintained b thrivate sector is the purpose of this Master
Plan. Financing the implementation of this Master Plan will requirec@mbination of grants,
concessional finangeand private sector investmenin order to achieve the 35% rural electrification
target in 2030

We needa consolidated effort of all stakeholdegghe Government, development partners, civil society
and the private sector, for the implementation of this Rural Energy Master Plan to increase energy
access and ensusocialandeconomicdevelopmentin rural Liberia.
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1.2 OVERVIEW

¢tKS OdNNByid R20dzYSyid ¢l a RS@OSt2LISR 06& DSadz2 9y
gAOK GKS wdzNT f YR wSYySgloftS 9 yBSeNdbpmert & $hy Qural 2 1
Energy Master Plan fdriberiad 6t NE 2S00 ¢ 0% dzy RSNJ Fdzy RAy 3 FNRY
EDF), and constitutes the Final Report of the Project.

The Consultant is an international firm specialized in energy planning and in the evaluation o
renewable energy resourceli.has knowhow and experience in the development of renewable energy
policy as well as master plans and supports all phases of renewable energy project development.

¢CKS tNR2SOGQa 3Jft20lt 20 2SO0 RiradBnergysStraiegy amidbi@rPiar LJ
for Liberiaupi 2 Hnond® a2NB &ALISOATAOFIffex GKS tNRB2SOi
2NJ Y2NB 2F NH2NI f St SOGNARFAOFIGAR2Y o6& wHnonKé | yF

1. Serve as a strategic roadmap for providing access to improved energy services as well &
integrating energy into rural development programs and activities, taking into
consideration other crossutting issues such as gender, energy efficiency, and
environmental protection;

Promote energy enterprise development;

Research and develop renewald@ergy technologies locally;

Establish standards for equipment and services;

Establish a central repository for all information on rural and renewable energy activities
in Liberia.

o bk wbd

This document consists of six parts:

A. Introduction ¢ the current part, where the overview and objectives of the Project and
methodology applied is presented;

B. Background and Policg where the country and sector background is presented, the
O2dzy NB Q& | 3ISYRI FyR LIt A OA Soats and\NaBorit&gdor  dz
rural energy are addressed.

C. Long Term Visiorg assesses the demand and supply options (including the existing
endogenous resources), and analyses the long term network expansion.

D. Rural Energy Vision and Targets to 2036ets the ruwal electrification scenarios to 2030,
addresses the funding potential and strategyd establishes the vision and targets for
rural energy.

E. Rural Energy Investment and Action Plgrforms the rural energy action plan, including
implementation and investment plan, and evaluates country and local impact.

F. Implementation Framework¢ addresses several implementation issues such as the
institutional and regulatory framework, the privateector participation, the funding
strategy and coordination, communication and monitoring topics, as well as other-cross
cutting issues.
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1.3 METHODOLOGY

The methodological approach for the Project has been subject to debate between the Client and the
Consultati Ay (GKS AyOSLIWiA2Yy LKIFasS 2F (GKS tNerea2SOi=z
preliminary methodology proposed during the tender phase, other than some refinement of tasks and
shifts in the work plan.

The final methodology is depicted Figurel.1, and a brief description of the tasks is presented in the
following section.

. . . Decision Making & .
DlagnOSIS AnaIVSIS Vision bUlIdlng

Local action
* Inception *  Beliefs Audit *  Workshop *  Capacity
mission And High Level Meetings building

Economic review
*  Economic review * Willingness to pay
*  Top-Down demand * Scenario economics
Rural Energy

-

2 Network expansion &

g *  GIS database * Network expansion Decision Strategy

| . * Network plannin i :

= Bottom up demand P g Making - Action plan &

S Budget

: Resource Assessment 0 S ey
*  Fuel availabilityand cost * Hydro resource
* Solar resource mapping and mini-hydro

Figurel.1 ¢ Project methodology

Figurel.1l showsa series of interconnected stdrtivities and tasks that will go from diagnosis, analysis,
decision making and vision building up to planning, into 4 different vectors (Local actamniic
Review, Network Expansion and Resource Assessment) that integrate the specific required work. T
planning phase is built upon the deep technical and economic analysis and the political decision makir
and it delivers the strategy, action plan arapacity building.

This approach takes into account the target groups geographical areas to be covered and focus on tt
expected offgrid areas.

The planning phase, the report mapping and presentation was planned at the end of the Project, bu
the outcomesand interim results of the tasks were presented to the Client on a regular basis.
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The Local Actionvector comprised the tasks performed at a local level, together with the Client and
other relevant stakeholders. As such, the inception mission, beliefst,afithding and financing
interviews, were carried out, ending up with the workshop and high level meétindgere the
scenarios were presented for decision making and vision building.

The Economic Analysisector comprised all the tasks related to the aomic review, the topdown
demand assessment, the willingness to pay and prioritization criteria and the scenario developmen
based on the combined inputs from the later task with the funding and financing interviews and the
network planning and budgeting.

The Network Expansionvector comprised the tasks related to the building and verification of the
Geographic Information SystenGI§ database, the updated bottorap demand assessment, the
network expansion model update and finally the network planning laudgeting.

TheResource Assessmemiector was a differentiated approach proposed by the Consultant, in where it
glayQid Iy Oldzat NBIIdZANBYSyid 2F GKS ¢SN¥Ya 27 v
in this broad category.

In reality, in order to assess the best option for rural electrification, the base rural electrification
0§SOKy2f23AS4a aK2dzZ R 06S LINRPLISNI @& adaSaaSR® CNZ
climate and country size, it was expected that in Liberia rumdtefication might be achieved from
fossil fuels, photovoltaic P\), biomass or hydropower based solutions in competition with grid
extension. The additional effort put into this task allowed a further comprehensive planning of the rural
electrification @tions. The business models for each solution were developed, taking resource
availability into account.

For theCapacity Buildingctivity, the Consultant took into account its relevant experience in providing
training and capacity building on renewableezgies mapping and development not only in African
O2dzy UNASA odzi Ff&d2 @g2NIRGARSD® Ly FlLOGx y2ad6A0|
staff while developing the projects, that allowed for an overall awareness of the processes akataye

an ongoing exchange of knowledge, the Consultant is keen on providing this capacity building in mor
specific formats, usually in the form of workshops and seminars.

For the Strategy taking into account all data collected and GIS mapping of Ljbasiavell as the
analysis that was done, a rural electrification strategy for Liberia was developed. Key recommendatior
include not only technical and economic aspects, but also a brief legal review.

The Action Plan and Budgetintask required all the ingts from the network expansion and resource
assessment studies and resulted, together with the Strategy, in the drafting of the Rural Energy Maste
Plan.

A1 S8SK2ft RSNRE /2yadAf GFdA2y FyR I fARFGA2Y 22N] aKz2L) I20060KS t 1+ aairzy | 2
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Finally, in theCommunicationactivity, the Consultant designed materials for a communication styateg
for public awareness towards rural energy development, renewable energy technologies anc
community requirement.
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PART B. BACKGROUNIDAPOLICY
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2 COUNTRY AND SECT@RKBGROUND

2.1 ECONOMIC AND SOCSALUATION OF LIBERIA

[ A0 SN I QAaLib&i§ iz Stdkted 3K \Webt Africa, neighboring Sierra Leone on the northvitesa
299 kmborder, Guinea to the north with a total length t#nd border of 590 kmand/ ¢ 4 S RML @+
the east, with a land @rder of 778 km On the southwest it is borded by the North Atlantic Gean,
having 579 kn2 ¥ O2 | aift Ay Sd [ A6 S NIBEI®RA, ofivigich B6t 320kmNiSland &b@ Y LJ

the remaining 15 048m? is water[1].
Y

Sierra Leone

Cote d'lvoire

----- )

Sinoe { River Gee

..... S

<__Grand Kru ‘\~~~‘;

Figure2.1 ¢ Map of Liberia.

Administrative divisions of LiberiaLiberia is divided into fifteen counties (s&&ure2.1), which in

turn, are subdivided into a total of 90 districts and further subdivided into clans. The biggest counties
are Nimba and Grand Gedeh, with ov& 360km?, followed by Lofa, Gbarpolu, Sinoe, and Bong. These
TADGS O2dzyiASa | 002 dull iareats NI kp?:®n tReTothdr haddS A smaliést (i
county is Montserrado with onlyt. 880 km?, followed by BomiMaryland, and Margibi, with 232,

2294, and2 690km?, respectively (seBigure2.2).

Population distribution.Monrovia, Liberian capital, is the most populous city, with a total of 28% of the
total population of Liberia, located in Montserrado County. More than 50% of pataiilation of Liberia
lives in Moniserrado, Nimba and Bong Counties (Ségure2.3).
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Figure2.3¢[ A0 SNA I Qa

county[2].
Historical BackgroundLiberia was created through a settlement of freed slaves fromUh#ed States
(USin 1822 and by 1847 the AmeaicLiberians were able to establish a republic, thus being Africa's
oldest republic. Prior to the World War | Liberia was largely impoverished and unstable, as well a
dependent on Germany for around 75% offitseign trade. This economic cooperation with Germany
was over in 1918 once Liberia joined téorld War | WWI) alongside with the USA, having a severe
impact on the Liberian economy. In the World Wa({WWII)Liberia supplied rubber for the Allies as
they had the world's largest rubber plantation. During this war the USA constructed military bases
airports, the Freeport of Monrovia, roads to the interior, etc. After WWII, William Tubman, president
from 194471, did much to promote foreign investment atabridge the economic, social, and political
gaps between the descendants of the original settlers and the inhabitants of the interior. President
William R. Tolbert, Jr. pursued a policy of suppressing opposition and on April 12, 1980, Samuel Kany
Doeled a bloody coup d'état against president Tolbert. This g end to 133 years of American
Liberian political domination over Liberia.

[ AOSNA I Q& CHheNriistiLibérian@Civil Wat Wwallkn internal conflict in Liberia from 1989 until
1997. In December 1989, the National Patriotic Front of Liberia (NB&L)y Charles Taylor, began an
uprising against the Doe's regime. In 1990 Doe was executed by gesgmup of the NPFL. This
conflict only came to an end in 1997, once Taylor won a presidential election which international
observers declared as free and fair. Baylon the elections with 75.33%f the votes, while the runner

up, Unity Party leader Eh Johnson Sirleaf, received a mere 9.58% of the votes. Thisvaivconflict

killed over 20M00 people and the involvement of the Economic Community of West African States
(ECOWAS) and the United Nations was necessary. Between 1997 and 1999, dhiecbiglodshed in

[ AOSNRAIF af2gSR O2yaARSNIoftezr Al RAR y2i SyRo®
had to fight insurgencies against his government.

[ AOSNRA I Qa { Sldpeace did hoRdst long, anblimp 1999 the Secdmeriain Civil War broke

out. Indeed, in 1999 Ghana and Nigeria accused Liberia of supporting Revolutionary United Front rebe
in Sierra Leone, and Britain and the US threatened to suspend aid to Liberia. Meanwhile, the Unite

Figure2.2 ¢ County area i 2 Gibufion pee LI
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Nations Security Council in k& 2001 concluded that Liberia and Charles Taylor played a role in the
civil war in Sierra Leone, and therefore banned all arms sales to, and diamonds sales from Liberia; a
banned high Liberian Government members to travel todtées. In 2002, rebels Liberians United

for Reconciliation and Democracy (LURDintensified their attacks on Taylor's government, supported
by Sierra Leone and Guinea, as Taylor was supporting opposition factions in both countries. Finally,
August 11, 2003, Taylor steppddwn and went into exile in Nigeria. During the period of 22085, a
peace agreement was achieved and a transitional government appointed.

SocieEconomic impacof [ A0 SNA | Qa. & APKS SYRESF (GKS wmn &St
infrastructures had been destroyed, food insecurity was widespread, poverty rates were high, and man
people had been displaced. Indeed, this conflict had grave social, economic and environmental impac
and by the end of 2003, about a third of these people were ktithg as refugees in neighboring
countries. Since 1989, about half a million people were killed inrelated circumstances, and of
these, 50%were civilians. The economic impacts of these civil wars were clear: in 2003 Liberia was th
second country wh lowestGross Domestic ProdudEDB based onPurchasing Power Pariper capita

Ay (GKS g2NIR® ¢KS YI 22 Ngotdigtddvélopryedt 8ancerhdd iragtaictufeA 6
human capital and institutional capacity.

Ellen Johnson Sirleaf elesd president.After two years of rule by a transitional government, the 2005
Liberian general election were held. In these elections, President Ellen Johnson Sirleaf, former Wor
Bank employee and Liberian finance minister, won the presideet&dtionsand became the first
democraticallyelected female African head of state in January 2006. In 2011 she subsequently wor
reelection in another free, fair and transparent democratic elections. Moreover, President Ellen Johnsol
Sirleaf was jointly awarded tH2011 Nobel Peace with Leymah Gbowee of Liberia and Tawakkol Karmar
of YemenA y NB O2 3y A (i A-dolent FirRdgdlk forithis Safetybf yamgn and for women's rights

to full participation in peacduilding work"[3]. President Ellen Johnson Sirleaf had the challenge to
rebuild Liberia's economy, and to reconcile a nation still recovering from 14 years of fighting.

Rapid economic growth due to peace and stabilitith the restoration of peace, Liberia faced a
period of rapid economic growthexperiencing a GDP rate of 7.@¥average in the period of 20643,

and its nominal GDP more than triplidgringthis period(Figure2.4). The restart of iron ore production
encouraged construction and service sector activities. There was also a boost in foreign direc
investment inflows which provided a significant boost for the Liberian economy. This rapid growth
driven bynatural resources resulted in a significant improvementhea United Nations Development

t N2 3 NJ YNDH RuimandDevelopment Indicators (from a very low base), frad @n 2005 to 0.42

in 2013. Nevertheless, the level of this index remains well belavatbverage for suisaharan Africa
(0.51).

— Gesto 16
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Figure2.4 ¢ Nominal GDP and Real GDP grévannual percent changgt].

Ebola outbreak.Liberia experienced an epidemic of Ebola Virus Disease in 2014 and 2015, along wit
the neighboring countries of Guinea and Sierra Leone. The first cases of virus were reported by la
March 2014, and in the beginning of August Liberia declared 'Stalamafrgency’ in order to contain

the Ebola Virus Disease to spread. World Health Organization (WHO) only declared the country free
transmission a final time on January 14, 20lt6s estimated that Liberia suffered 875 Ebola cases,

4 809 of which werdatal [5]. The most affected county was Montserrado, where Monrovia (the capital)
Aa t20F0SR® ¢KAA GANHzA ¢l & SEGNBYSte& KINR (2
from long civil wars.

Economic impacts of the Ebola outbreak in Liberzbola had a severe impact in the Liberian economy
across all sectors of employment. Indeed, many of those in wage employment were either asked to sts
at home or lost their positions entirely. Similarijyose involved in nomgricultural selemployment
activities, such as small scale traders, saw their business fall as markets closed, potential custome
become more reserved in their spending, and travel restrictions disrupted si{@plioreover, Ebola
drove up key food prices and led to food insecurity across the colififryl his along with the decrease

of incomingForeign Direct InvestmenED) as many businesses departing, taking capital and expertise
with them, and a decline in exports of 38% A YLJI2aSR | &aSNRA2dza af 26R20Y
[ AGSNAI Q&4 D5t 3INBGUK NIYGS RSOt AYSR ¥ NERYinbibérigs 7
deteriorated significantly as a result of the epidemic.

Due to this troubled and difficult past, Liberia is today one of the least developed and poor countries
in the world. In order to compare the level of development between countries thermational Human
Development Indicators were analyzed. These indicators are measured by the UNDP and used in t
preparation of the 2015 Human Development Report, composed by five indices. The summary c
[ AGSNAI Qa &a02NB Ay ( Kénrfl atiSuEsaharry ARitaSSB)are idigafddlin NS |
Figure 2.5, as well as the percentile where Liberia falls regarding all the other countriegzadal
(showed inFigure2.6).

Human Development Index (HDI)his index emphasizes that people and their capabilities should
be the ultimate criteriadr assessing the development of a country, not economic growth alone. It
is a summary measure of average achievement in key dimensions of human development: a lor
and healthy life, being knowledgeable and have a decent standard of living. Liberia has bee
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highly improving in the health dimension, assessed by life expectancy at birth, where Liberia wen
up from 56.1 years in 2006 to 60.9 in 2014 (above-BukbK | NI y ! FNAR Ol Qa | @
education dimension is measured by two indicators: mean ofsyeaschooling for adults aged 25
years and more, where in Liberia is only 4.1 years compared to 5.2 in SSA; and expected years
schooling for children of school entering age, where again is lower in Liberia versus S&A (9.5
9.3). The standard of liwj dimension is measured by gross national income per capita and Liberia
has the &' lowest in the world. Taking these dimensions into account, Liberia has one of the
lowest HDI scores in the world, ranking 177 out of 188 and thus being at the bottom 6%
peNOSYiGAf Sd® a2NB20SNE [AOSNAIQa a02NB o0ndnol
{FTKFENIYY ! FTNAOFQa aO02NB a F NBIAZ2Y O6ndPpHUL O
increasing having gone up from 0.33 in 2005.

Inequality adjustedHuman Development Index (IHDITthe IHDI takes into account not only the
average achievements of a country on health, education and income, but also how those
FOKAS@SYSyida FNBE RA&AONROdzASR |Y2y3a AGa L2 L&
valueaccording to its level of inequality. Thus, while the HDI can be viewed as an index of averag
achievements in human development dimensions, the IHDI measures the level of humar
development when the distribution of achievements across people in the soisietccounted for.

The IHDI will be equal to the HDI when there is no inequality, but falls below the HDI as inequalit
NAAS&ad [AOSNAIFQA LIS5L aA02NB Aa nouHy (Kdza &
'f 6K2dzZa3K [ A6 SNI:anQits HDI Ithbid indidtiag tHat2tdeBNg aiiloss in human
development due to inequality, Liberia goes up 2 places regarding the HDI rank. Hence, althoug
[ AGSNAI Q& KdzYly RS@St2LIYSyd RSONBIFaSR RdzS
the other countries. Indeed, in this ranking Liberia is on the bottom 8% percentile, compared to
6% in the HDI score.

Gender Development Index (GDIThe GDI measures differences between male and female
achievements in the three basic dimensions of human develaopme Liberia, the life expectancy

FG OANIK F2NJ FSYIFHfSa Aa cmody &SINAI ¢KAOK
dimension, there is a high discrepancy between genders, as the female expected years c
schooling for children is only 8.9 coaned to 12.4 years expected for males. Also regarding
education, the male mean years of schooling for adults ages 25 and older is also higher than fc
females (5.8 years versus 2.6). Lastly, regarding the equitable command over economic resource
measuredby the estimated gross national income per capit& D930 for males compared to
USD 678or females (measureth Purchasing Power Parity 2011), evidencing even further the
gender inequality in Liberia. Once again, Liberia has an overall GDI sdiowe tiee SSA as a
region.

Gender Inequality Index (GIl)The GIl is an inequality index and reflects how women are
disadvantaged in two dimensions: empowerment and economic status. Since the Gl include
different dimensions than the HDI, it cannot be irgeeted as a loss in HDI itself. The GIlI ranges
between 0 and 1 and higher GIlI values indicate higher levels of inequalities. Moreover, the
component indicators highlight areas in need of critical policy intervention. This index takes into
consideration tke maternal mortality ratio, which is rather high in Libe¢i®40 deaths per 100

000 live births¢ compared to SSA (506). Moreover, the adolescent (aged95birth rate in
Liberia is 117 births per 1 000 women, versus 110 in SSA. Concerning the peradrgagts in
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parliament held by women, in Liberia this share is only 10.7%, and the female population with 2&
or more years with at least some secondary education is merely 15.4%. Regarding the labor forc
participation rate for females of 15 years andleit, it is simply 58.2% compared to 64.8% for
males. Moreover, Liberia is below the SSA as a region in all these dimensions, and thus it is or
natural that its Gll score is higher than SAA, hence indicating it has more gender inequality
Furthermore, Libria is on the percentile 94%, and is tHe @untry out of the 155 analyzed with

the highest levels of gender inequalities.

Multidimensional Poverty Index (MPI)This index identifies overlapping deprivations at the
household level across the same thrdemensions as the Human Development Index (health,
education and living standards) and shows the proportion of poor people and the average numbe
of deprivations each poor person experiences at the same time. Liberia has a MPI value of 0.2
which indicatedthe percentage of the population that is multidimensional poor adjusted by the
intensity of the deprivations. Moreover, its multidimensional poverty headcount is of 70.1%,
which indicates the percentage of the population with a weighted deprivation scbi least

33% (at least one deprivation in health, education of living standards), and 35.4% of the
population have deprivation score of 50%r more (population in severe multidimensional
poverty). Shockingly, the average number of deprivations poompleeexperience at the same
time in Liberia is of 50.8%. Furthermore, living standards is the dimension with the highest
contribution of deprivation to overall poverty, with a percentage of 51.4 of the MPI attributed to
deprivations in this dimension, folieed by health (25.6%), and lastly education (23%). The
population living below the national income poverty line is of 63.8%, compared to 83.8% of the
population living lelow a Purchasing Power Parity of USR5/day. All these indicators point to

the factthat Liberia is an extremely poor country, and indeed is th8 d@untry with the highest

MPI score.

HDI HDI
1.0 100%

0.5 50%

IHDI GDI IHDI GDI

0.

e 4

MPI Gll
World Sub-Saharan Africa @ Liberia World Sub-Saharan Africa @ Liberia
Figure2.5 ¢ International Human Development Figure2.6 ¢ International Human Development
Indicators Score§3]. Indicators Percentilg8].

Although Liberia has a low score regarding gender equality, it has been greatly improving and several
measures have been imposed in order to mitigate this iss@As.demonstrated above, Liberia is one of
the countries with most gender inequality. Neverthgde this indicator has been improving with time.
Indeed, its score has gone down from 0.675 in 2005 to 0.651 in 2014. More importantly, are the
measure the Government of Liberia has been taking to tackle this issue. The National Gender Policy is
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exampleof the bold steps set in motion to promote gender equality and women empowerment.
Moreover, the election of Ellen Johns@8irleaf as President of Liberia is again a significant illustration of
the empowerment of women. Indeed, her actions toward gendeuvaiy were recognized in 2011
when she won the Nobel peace prize and she took care of giving an important place to women in he
government, women being at the head of the ministries of commerce, justice, finance, youth and sports
and gender and developmén

[ A6 SNA I Q& RS VYI2yd Ni AIKY Iotal[pa@HiohrivES@aout 31 persons, as published

in the house and population census. The sex ratio was 100.2 women to 100 men, indicating a balanct
population in regards to gender. The distributiohpopulation in Liberia in terms of age are identical to
many developing countries, having an age pyramid that is very wide at the base, as $agurb.7,
indicating high birth and death rates. Indeed, in Liberia, thRedye group contains the largest number

of people, thereafter declining steadily as the age increases. Due to this age distribution, Liberia has
large labor force, formed bgeople that age from 5 to 64 years. Hence, according to the Liberia Labor
Force Survey 2010, if we consider all ages there are about 1.3 million people in the Liberian labor forc
however the comparable figure for the adult population is about 1.1 milliimere are approximately
equal numbers of males and females in the labor force, and slightly more of them in rural areas than i
urban. The great majority of the labor force is in the productive ages of 25 to 54, but there are a
surprising number of youfgjNJ LIS2 LJX S Ay GKS fF 02N F2NOS3 LI NI
unemployment rate is very low, at 3.7%.
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Figure2.7¢[ A 6 S NXibbutba of Bapulation by Agg2].

Population projections. LY Hamp = | OO0O2NRAy3 G2 GKS 22NIR .|
million, with a rural population growth rate per year of 1.4% and an urban population growth of 3.4%
observed inFigure2.8.
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Despite improvements, Liberia is still a fragile countigegardi@d@ ¢ KS ClF Af SR { a1 &
score in 2015 was lower than in 2005 (97.3 vs. 99.5) and thus it was considered less fragile, as t
highest the score the more fragile the country is. In fact, Liberia went from the@st fragile country

in 2005 tothe 2I"Ay HAamMp® hy GKS 20KSNJ KFIyRTZ [A06SNALI Q&
Africa as a region (88.1) and it increased since 2014, when its score was 94.3. Thus, Liberia is
considered a fragile country and is on alert.

[ A 0 S DidbtlRal&f.Liberia relies heavily on foreign assistance and was indeed the second country
which received the highest Official Development Aid (ODA) grants as percentage of GDP in the period
20032014[10] (since the end oits civil war). Much of this ODA grants were as debt relief, given that in
2004 Liberia was the most indebted country in the world, with a government debt of 715.2% of GDP
Thus, in order to ensure that Liberia did not face a debt burden it could not nearlag International
az2zySil NBE CdzyR oLaCu IyR GKS 22NIR .Ily]l NBRdzOSF
Heavily Indebted Poor Countries (HIPC) Initiafivigure 2.9). This granting of debt relief marked a
AAIAYATFAOLYOG YAEtSad2yS Ay [AOSNRAIFIQ&a LI GK G241
aAYAAGSNI 2F tflyyAya YR 902y 2YAO ! FriehtloNdads, & ¢
St SOGNRO LRGSNE YR LRNIa G2 dzyoft201 o200t Sy S
IMF mission chief for Liberia Chris Lane said IMF involvement with Liberia has been sustained a
intensive, and will remain so forsontleA YS (G2 O02YS IyR GKFG a! FGSNI (
LINEINF Y &aK2dzZ R OFGFtel S FdzNIKSNI FAylF yOAL £ &dzLJ
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Figure2.9 ¢ Liberia's Government Debt as Percentage of GBP

FDI in LiberiaAsdescribed inFigure2.10, since2008 Liberia has had a nEbreign Direct Investment
inflow as percent of GDP extremely high, and in fact much higher than the average of the West Africa
countries. Even more interestingly is that Liberia is tHecbuntry in Africa with highest Net Faga
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Direct Investment as percentage of GDP. In 2014 the net FDI as percentage of GDP had an accentue
decrease and was cut in half, declinifiogm 22% in 2013 to 11% in 201%his was mainly due to the
Ebola outbreak as mentioned before. Although Lib&aa high levels of net FDI as percentage of GDP,
its position on the Doing Business Rank was 179/180, which is awfully low and this means thg
regulatory environment is not conducive to the starting and operation of a local firm.

30%
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10%

Net FDI as % of GDP
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West Africa e |iberia

Figure2.10 ¢ Net Foregn Direct Investment, % of GOB].

GDP compositionn 2aup X [ A0 SNA I Qa Yy 2 YVOAHI where (B6% camae feom thé 5

agricultural sector, 16% from industry, and theB Y| Ay Ay 3 ny:z2 FTNRBY &aSNDA
products consist mainly in rubber, coffee, cocoa, rice, cassava (manioc, tapioca), palm oil, sugarcar
bananas, timber, sheep and goats, and its principal industries are mining (iron ore), rubber ipgcess

LI fY 2Af LINRPOS&daAy3d: YR UGAYOSNW a2NB20SNE O2
where agriculture accounted for 76.9%, industry for 5.4% and services for 17.7%, it is evident that th
O2dzy t NE Q& &ASNIIAOS IebpngaydepicediMgure2ilE OG2NA | NB RS¢
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Labor Force CompositiorAs seen before, Liberia has an extremely large labor force aretyalow

dzy SYLX 28 YSy G NIGS® hy GKS 20KSNJ KFYyRI Y2aid LIS
account worker (63%) or contributing family member (16%), as descrildgéduine2.12, thus Liberia has

a vulnerable employment rate extremely high (79%). People in these two categories are employe:
under relatively precarious circumstances, as they are less likely to have formal work arrangements ¢
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access tdoenefits or social protection programs, which puts them at risk when there is a downturn in
the economic cycle. In developing countries, where very few people can afford to be totally without
work and the unemployment rate is therefore very close to zetus measure of vulnerable
employment is likely to be more useful than the unemployment rate as an indicator of the state of the
labor market. Moreover, regarding the labor force distribution by sector of economic activity, presented
in Figure2.13, almost half of the population worked in agriculture, forestry and fishing, and a quarter of
the employed persons work in wholesale/retail trade. These dse the two sectors or activity with
highest vulnerable employment.

Employer Member of producers’ Accommoadation. Other
cooperative & food 15%

Contributing 2% 1%
o 3%

family worker
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Education
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Manufacturing >
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25%

Figure2.12 ¢ Percentage distribution of the employed
population by status in employment in their main economi
activity [12].

Figure2.13 ¢ Percentage distribution of the employed
population by sector of economic activity in main jdh2].

Economic projectionsLibera has had a difficult economic path. Nevertheless, its projections for the
future are looking prosperous with IMF predicting an annual GDP growth rate of 6.9% on average fror
2016 to 2020, as described &igure2.14.
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Figure2.14 ¢ Nominal GDP and Real GDP growth annual percent change for¢4hst

2.2 RURAL LIBERIA: A MEIBETAILED VIEW
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Rural Population Definition.When talking about rural Liberia, there are two extremely different
RSTAYAGAZ2Yya dzaSR o0l O1 YR F2NIK Ay RAFFSNBy

2 AffAy3IySaa (2 t 18], tHe yuraf hdusehdlds weRe2conditte® all the households
outside Monrovia, including both urban and rural areas. Contrasting with the population and housing
census, where rural areas are referred to clans and urban areas to coitiesu The two definitions of
rural areas differ greatly, as for example the first one considers county capitals as rural areas and tf
latter onedoes not Indeed,when considering that rural areas are everything outside Monrovia, Liberia
has a total perentage of rural population of 72%, compared to 53% considered in the population
census conducted in 2008.

Rural Population Distribution per CountyAs mentioned before, about one third of the population lives
AY az2yliaSNNIR2d | 26SOSNE GKAA O2dzydeéQa LI Lidz |
in rural areas.In fact Montserrado is the only county which has a higher percentageirbfn
population than rural. All other counties have a higher percentage of rural population that urban
population, with River Cess, Grand Kru, Grand Cape Mount and Gbarpolu having more than 90% of th
population residing in rural areas. FroRigure2.15 we can see that the counties with highest rural
population percentage are situated in the southern coast line and in the frontier with Sierra L@one.
0KS 20KSNJ KI'yRX ¢gKSy FylfelAy3a G4KS LISNOSydal 3s
county, shown orfFigure2.16, we have that mre than 50% of the rural population in Liberia is located

in the counties of Nimba, Bong, Lofa and Grand Bassa. Indeed, while only 77% of the population
NimbaCountyNS A A RS& Ay NHzNJI f | NBlFazX (KAa O2dzyior | OO0+
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Figure2.15 ¢ Percentage of Rural Population per County.  Figure2.16¢t SNOSy G 3S 5A a0 NA o d
Population per County.

RuralPopulation Distribution per RegionAnalyzing the rural population per county does not allow us
to understand the regions of Liberia with most rural population. Thasanalysis of this distribution per
region is useful. Regions were defined as statettiénterms of agreement (seféigure2.17). As it can be
seen inFigure2.18 and Figure2.19, by agglomerating the counties in regions, all regions except region 3
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have a higher percentage or rugadpulation than urban. Indeed, only 27% of the population of region 3

is rural. Interestingly, region 2 is the second region with the lowest percentage of rural population,
K26SOSNI AG | 33aNBIFGSa fyzad KI{ TioRdfs the kegiG Manl Q2
most percentage of rural population, with 89% of its total population living in rural areas, however it is
the region in which less rural people live. Obviously this depends on several exogenous factors, such

the dimension of tle region and population density.

Guinea
Sierra Leone

Cote d'lvoire

Grand Gedeh
Q_\q'l

River Gee
7
/__/
Grand Kru

Waryla d

Regions
1

&

B 0 25 50 100
i 4 — — kM
Figure2.17 ¢ Liberia division by regions.
Region 4
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Region 2 I

Region 3 NG Region 2
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Region 3

HRural Urban 24%

Figure2.18¢t SNOSy il 3S RA &G NR 6 d Figure2.19¢ Percentage of rural population per region.
population per region.

Population Density.Rural population is highly correlated with population déypsindeed, urban areas
are characterized by high population density. Thus, it only makes sense that Montserrado is by far th
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county with higher population density, with more th&90 people perkm?. The county with lowest
population density is Gbarpolu, with on8/people perkm?, which is also one of the counties with
KAIKSaG LISNOSyidFr3IS 2F NUzNI € LRLz A2y S dhm:d
rural, we have that its oveliapopulation density isnicredibly low, at 3eople perkm? (seeFigure
2.20).
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— —

Liberia
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Figure2.20 ¢ Populationdensity per county

Household DimensionAs shown inFigure2.21, the counties with highest household dimension are
situated in southerriiberia and in the frontier with Sierra Leone, which are also the ones with highest
NHzNJF £ LISNOSy il 3Ss a YSYdA2ySR | 020Ss gAGK (K
household size is 5.1 persons, however this average is relatively diffeteen it concerns rural areas
rather than urban centers. In rural areas this averages goes up to 5.3 persons, compared to 4.9 in urb:s
centers. This difference in average household size by area of residents is verified in almost every coun
with rural households having on average more people than urban households. The counties in region :
located in the center of Liberia, have fewer people per household, which may be due to the higf
concentration of urban centers in this area.
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Figure2.21 ¢ Average household size.

The overall literacy rate is lower in rural versus urban are&stormation on literacy, while not a
perfect measure of educational results, is probably the most easily available and vatitefaational
comparisons. Low levels of literacy, and education in general, can impede the economic development ¢
a country in the current rapidly changing, technoladyyven world. Thus, evaluating the percentage of
population who can read and write isiportant in order to understand the most developed counties
within Liberia. As presented igure2.22, the counties with lowest overall literacyteaare more rural
counties, and the ones with highest literacy rate have a higher percentage of urban population. Indeec
the overall literacy rate in rural areas is 50%, compared to 69% in urban areas. Moreover, the literac
rate in women is much lower #n the literacy rate among men (47% vs. 72%). This difference in literacy
rates is extremely evident in Grand Kru, where the men literacy rate is 71% and the women is only 28%

Montserrado
Maryland
Grand Gedeh
Bomi
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River Gee
Nimba
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Grand Kru
Grand Bassa
Bong

Lofa
Rivercess
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Gharpolu

Liberia

0% 20% 40% 60% 80%

Figure2.22 ¢ Overall Literacy Rat§l 2].
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The majority of rural population is employed in the agricultural sectéwgriculture, forestry and fishing

are the most important activities in Liberia, particularly in rural areas. Indeed, asaned before, 47%

2T [AOSNAIF Q& SYLIX 28SR LRLMzZ FGA2Y YIAY 2206 Aa
goes up to 73%, as presentedHgure 2.23. Moreover, according to the 2008 house and population
census, Rivercess, River Gee, Grand Kru, Gbarpolu and Lofa are the counties with more populati
employed by this activity, with more than 75% being employed in the sector. Theamniyies with less

than 50% of the population employed in the agricultural sector are Maryland, Margibi, Grand Bassa an
Montserrado. Due to the large percentage of rural households involved in this activity, as well a:
wholesale/retail trade, urban areasah a vulnerable employment indicator very high (87%), thus putting
them at risk when there is a downturn in the economic cycle. Also, the inactivity rate of people agec
between 15 and 64 years in rural areas is lower than urban areas (27.5% vs. 44.6%).

Mining & quarrying Rivercess

2% Other River Gee

Education 6% Grand Kru
3% Gbarpolu
Manufacturing Lofa
6% Nimba

Bong

Cape Mount
Bomi

Sinoe

Grand Gedeh
Maryland
Margibi
Grand Bassa
Montserrado

Wholesale/
retail trade
12%

Liberia |
Agriculture, forestry, 0
fishing
73% B Agriculture Wholesale/Retail Manufacturing
Education ® Mining Other

X

20% 40% 60% 80% 100%

Fgure 2.23 ¢ Percentage distribution of the employed population by county and by sector of economic act[ii#y.

Rivercess, Bong and Sinoe are the counties with highest percentage distribution of poor households.
Finally, in order to better understand the present purchase power of each county, the percentage
distribution of households by perceived poverty status waslyzed.Only three counties had a
percentage distribution of poor and fairly poor households below 50%fa, Grand Gedeh and Margibi.

All other counties had the majority of the households with a perceived poverty status of poor or fairy
poor. Rivercesss by far the county with the highest percentage distribution of poor households, with
more than a third having this perceived poverty status. Moreover, urban areas have a lower percentag
of poor and fairly poor households than rural areas (40.8% v89%49 Nevertheless, more than half of
the households in Liberia are perceived as having a middle income. On the other hand, when taking in:
consideration the percentage distribution of households by perception of wellbeing based on income
only 23% of thénouseholds are living well or reasonably well, while 40% are living carefully and 37% are
living with difficulty. Once again, the percentage of households living carefully and with difficulty is
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higher in rural rather than urban areas. The counties witWwest perception of wellbeing based on
income are again Rivercess, Bong, Sinoe and River Gee, and the ones with highest perception
wellbeing are Grand Cape Mount, Grand Gedeh and Gbarpolir{gers2.24).

Rivercess

Bong

Sinoe

River Gee
Nimba

Bomi

Grand Bassa
Montserrado
Maryland
Margribi
Gharpolu
Grand Kru
Grand Gedeh
Lofa

Grand Cape Mount

Liberia
0% 20% 40% 60% 80% 100%

M Poor Fairly poor ® Middle m Fairly rich Rich

Figure2.24 ¢ Percentage Distribution of Households by Perceived Poverty Stft@3.
23 [ L.9wL! Q{ TGO O9wD, {9/

Liberiahas one of the most underdeveloped energy sectors worldwitféhile having one of the lowest
rates of access to public electricity, it has one of the highest-upér costs of electricity
(around0.50USDKkWh). The longasting civil war (1982003) seriouly damaged the power sector, and

by 2005 most of what still remained had been destroyed by looting. Additionally, Liberia is highly
dependent on fuel imports; almost 77 million US gallons of petroleum products (especially gasoline
and diesel, but also jduel and kerosene) were imported in 2012, mostly for transportation, electricity
generation and domestic lightingl4]. These two factors are considerable obstacles for the
development of the Liberian energy sector and foe ttevelopment of Liberia itself, since basic services
such as health care, water and sanitation, education and telecommunications require access ti
electricity.

[ AOSNRAF Q& OAGAf 41 N KFR ASOSNE EefgrétbdjciiSwironda 2
than 7% of the population had accesspgablic electricity¢ around 35000 costumers; with a total
installed capacity of 191 MW, of which approximately 98% were in and around Morjigyid iberian
Energy Corporatiaornthe national electricity utility, was responsible for the generation, transmission and
RAAGNRAOdziA2Y 2F St SOUGNROAGE AY [AOSNRIFX I GK2c
hydropower generation during the dry season, forced thévge sector to invest in seffeneration.

— Gesto g

LR.2016R.0013



RURAL ENERGYRATEGY ANIASTER PLAN FOR LIBERIAL 2030

TECHNICAL REPORT

With the destruction of most of the generation facilities during the war, including the Mount Coffee
hydropower plant (63 MW and 5 MW during the wet and dry seasons, respectively), as well as of th
transmission ad distribution lines, LEC had to cease operations temporarily.

[ 9/ Qa 2LISNY GA2ya @oSNBE NBAdzYSR g A ( Kits te¢oery Istartadh a
with an emergency program, which supported the construction of a small grid withsSpigéd diesl
(HSDpenerators totaling 9.84W of installed capacity, split in four locatiofssMW in KruTown, 2 MW

in Congo Town and Bushrod Islardch and 0.64 MW in Paynesville. The grid consisted of four
substations and 400 V, 11 kV and 22 kV distributiorslzwvering 80 km. This emergency program was
financed by several external institutiogsthe European UnionUnited States Agency for International
Development USAID, the Norwegian Agency for Development Cooperation (NQRMWD he World
BankGroup

ExteNy I £ FdzyRAy3 ¢l a FyR A& KSfLAYy3I GKS RS@St
development. The utility had inefficient and poorly engineered distribution, causing high technical
losses, inadequate billing and collection systems and was alsogulagith power theft. The poor
guality of the generation and distribution was translated in frequent and lengthy outages. These factors
along with the higkcost diesel as the only source of power, the lack of financing for new connections
and the consequeinf @ KA3IK GFNAFFAE O2yaidNIAYySR [9/ Q& | 0.
generation capacity. The main bottlenecks to an efficient and sustainable development of a nationa
electricity system are: (i) the lack of infrastructure for tramssion and distribution; and (ii) an
electricity utility in a precarious financial and technical situation, with an area of service limited to
Monrovia. Taking the previously stated into account, external funding is helping the development of the
Liberianpower sector: to the 9.6 MW already installed were added two diesel generators, composed by
1 MW units ¢ a 3 MW generator financed by NORAD and a 10 MW generator financed by {SAID
totaling the 22.6 MW of installed capacity in 2013. Improvements for thegmission and distribution
lines were also planned, as well as for the IT and data management systems. The increase in the qua
of generation and distribution is fundamental for the decrease of the current high energy tariff. There
are a number of dferent projects planned or under consideration, including the rehabilitation of the
Mt. Coffee hydropower plant. According &m International Renewable Energy Agend3ENAreport in
2013[15], there are 551 MW distributed in centralized projects and 80 MW in decentralized Gakle

2.1 provides a summary of the already considered, comanlitbr planned hydro and thermal generation
projects.

Table2.1 - Considered, committed or planned generation projedtss].

Project ‘ Power Source Capacity (MW) Status Start Year
Bushrod 2 Heavy Fuel Oil 40.0 Committed 2013
Kakata (Buchanan) Biomass 35.0 Planned 2013
Mount Coffee Hydro 66.0 Committed 2015
Saint Paul 1B Hydro 78.0 Considered 2017
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Project ‘ Power Source Capacity (MW) Status Start Year
Saint Paul 2 Hydro 1200 Considered 2017
Unnamed name Hydro 702.5 Considered 2019

There are several major players in the Liberian energy secfpart from the Government of Liberia
Golb FYyR [9/ X |FtNBIRe YSYGA2ySRI GKSNB |NB 20t
including Liberian organizations and external donorg WMnistry d Lands, Mines and Energgy roles

are, among others, to provide energy to the domestic, commercial and industrial users, as well as t
research and promote the usage of local energy sourReEAs an independent agency of theoL
establish& in 2010 to promote the development and supply of modern energy products and services to
Liberian rural areas. There are also many external donors and lending institutions, which assist in tt
RSOSt2LIYSYydG 2F [AO0SNAIF Q& S yEdyH(®B)aUsited SakeE AgardyCGidt
International Developmentthe European Union (EU), Kreditanstalt fur Wiederaufbau (KfW), Norwegian
Water Resources & Energy Directorate (NVE), Japan International Cooperation Agency (JICA), Afri
Development Bank (RB), West African Power Pool (WAPP) and United Nations Industrial Developmen
Organization (UNIDO).

[ AOSNA I Qa NIMzNJ f LJ2 Lidgereriation ly theklaSt-fe ydas, mNdR efforShéas baeyi
made to restore the electrification access ratespre-war levels.In July 2010, LEC had aroun8®
customers, a number that increased more than ffetl up to July2013, with approximately 1875
customers conacted to the network in Monrovifil4]. Despite this effortaccording to the World Bank

[9], Liberian urban and rural access in 2012 was 18.9% and 1.2%, respectively, averaging 9.
nationwide. Although the access rate is still low, World Bank data states that the national electricity
access rate was 4.1% in 2010, meaning thaag more thardoubled in two years. Regardless of this,
the World Bank data most likely considers ggdheration, meaning that the access rates to public
electricity are considerably lower. According to the same source, in 2012 the electricity access rates ft
the neiglboring countries, Cote d'lvoire, Guinea and Sierra Leone were 55.8%, 26.2% and 14.2¢
respectively, more than in Liberia.

Traditional biomass is the most used source for cooking and lightifilge current lack of access to
poor-quality and relatively expensive modern types of energy services in many areas induces a stror
consumption of traditional biomass. Concerning cooking, as it can be obsertAgline2.25, there are

two main sources of fuel used by the Liberian population, wood and charcoal. According to the 200
Censud2], more than half of the househd$ use wood as a cooking fuel (57.2%) and a 37.0% uses
charcoal. The remaining 5.8% are distributed between kerosene, gas, electricity/own generator
electricity supply/power supply, and other types of fuel. This is not evenly distributed between urban
andrural householdsAlthough the majority of the Liberian households uses wood as a source of cooking
fuel, in urban areas 70% of the households use charcoal, and only 21% of the households use wood. On 1
other hand, almost every household in the rurakas use wood as a cooking supply, and only 5% use
charcoal.
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Figure2.25 - Sources of cooking fuel.

Palm oil plays a major role as a lighting fuéh. 2008, almost one third of the households of Liberia used
palm oil lamps as source of lighting (32%), followed by kerosene (30%), and candles (26%). T
remaining 12% are distributed by the outstanding sourcewood, electricity/own generator and
electricity/power supply¢ as depicted graphically iRigure2.26. There was a major difference in the
fuel used by urban versus rural households. A vastiremof urban households in 2008 used candles as
lighting fuel (44%), followed by kerosene (34%), and only a small amount used palm oil (9%). On tl
other hand, in rural households more than half of the households used palm oil as lighting fuel (54%
followed by 27% of the rural households that used kerosene, and only 9% used candles. Sonm
percentage of households use electricity/own generator as lighting fuel, however this is only true in
urban areas, as the percentage of rural households that use thiesai lighting fuel is almost zero.

1%

3%

y &

= Palm Oil Lamp = Kerosene Candle
= Wood Electricity/ Own generatc~ Electricity/ Power Supply
= Other

Figure2.26 - Sources of lighting fuel.
2.4 WEST AFRICA POWERTBER AND CROGBSOSRDER PROJECTS

There are significant disparities on the power sectors of the West Africanntoas closest to Liberia
6/ 23S RQL@®2ANBI -Bisshu/Mal, Séhegal yirdl [Sigrra DedededydBding toan IRENA
report [15] from 2013 the installed capacities ranged from 5.6 MW in GuiBsaau to 4056.4 MW in
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to 1909 MW in Ghana. The average available power is 212.2 MW. Liberia has the second lowe
installed capacity, of 12.6 M\ note that the 10 MW USAHIanced diesel generators are not yet in
this data, although the third lowest installed capacity is 106.9 MW, in Sierra Leone, much higher thal

the 22.6MW in Liberia. All the data regarding the installed and available capacities is presented ir
Figure2.27.
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Figure2.27 - Installed and available capacities in countries near Liberia.

Liberia ranks as theecond lowest country in the region regarding the normalized available capacity.
{AYyOS (KS O2dzyiNAS& R2y Qi KI@S GKS &l YS LJ2 Lz
capacities a normalized value was calculated based on the populationdpr@he values of capacity

per capita, inW (Watt) per person (which is equivalent to MW per million people). The results,
displayed graphically iRigure2.28, show that the lowest value of available capacity is 2.1 W per capita
inGuinea. Adal dzz Of2a$8S (2 [AOSNRAIFQA HdP 2 LISNI Ol LY
considering alreagl 22.6 MW for the capacity). The highest value is 73 W per capita in Ghana and the
average value for the normalized available capacity is 25.5 W per capita. Regarding the installe
OF LI OAGASaAasT /80S RQLG2ANBQa n d@encelithslestiraatet thebthe A
European Union had more than7DOW per capita in 2013 of installed capacity.
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Figure2.28 - Normalized available power in countries near Liberia

The countries closest toilheria can be divided in three subclasses, according to their normalized
capacity valuesDK I yI YR [/ 20S RQL@G2ANB YI 1S dzLJ §KS Y2;
above 60 W per capita. The middle group consists of Mali, Senegal and Sierravi#goralues ranging
from 15 to 36 W per capita. Finally, the least developed group according to this indicator, is compose
of Liberia, Burkina Faso, Guinea and GuiB&ssau, where the values for the normalized available
Ol LI OA G & R2Y Qicapia Even&énbidenng alréadylib® Mbst recent 22.6 MW in Liberia,
the installed capacity has to triple for Liberia to be part of the middle group, and it has to increase
almost 14fold in order to become the highest normalized available capacity imdgon.

Two crossborder projects involving Liberia are already fundedccording to dJSAID reporfl6], the

two regional interconnection projects being implemented are:

1 The Cross Border Rural Electrification project, whigds scheduled to be finished in
mdHnmMod® ¢KAA LINRP2SOGAa AYa G2 0O02yySO0 GKS
via a 66 kV transmission line, providing electricity to about @D dwellings. The funding
for this project is already securedivided in half between WAPP and EU.

T ¢KS /[{D AYGSNO2yySOiAz2y LINR2SOG 6/20S
implemented by WAPP and funded by several donors. Its objective is to provide access t
leastcost (hydro) power options for the subg®n and to enable the pooling of power
resources across these four countries. The 225 kV transmission lines are to pass by th
soonto-be rehabilitated Mt. Coffee hydropower plant, and their planned path can be seen in
Figure 2.29. The project is split in two phases, in order to avoid an oversized solution;
phasel, consisting of a singlarcuit line with a power capacity of 150 MW, predicted to be
finished by late2015, and phase 2, providing an additional circuit, increasing the total line
power capacity to 3001W.
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Figure2.29 - Proposed transmission lines for the CLSG projddy

— Gesto

LR.2016R.0013

35



RURAL ENERGYRATEGY ANIASTER PLAN FOR LIBERIAL 2030

TECHNICAL REPORT

3 /h!b¢w, Q{ ! DOLICF! ! b5

3.1 AGENDA FOR TRANSF@RNDNg STEPS TOWARDS LIBERSEING
2030

LiberiaQ a&econstruction. After the civil war, and since 2004, Liberia embarked on national
reconstruction, making efforts to improve economics, political and social governance in Liberia. Thi
efforts to rebuild take into account what was learnt in the past, and consider the obtsgonship of
conflict, peace and sustainable use of resources. National development strategies, such as the Interi
Poverty Reduction Strategy (20@608), the Poverty Reduction Strategy (22I8.1) and a medium

term Poverty Reductiostrategy(PR$(2012-2018) guide the country to this goal.

Liberia aspires to become a middiacome country by the year 2030rhe Agenda for Transformation

0! F¢O Aa GKS D2 0 Sybbydégigpmers stratdoyt apiehid ds 8 succ@saoPobthe PRS
(20082011), but its goal is not to deliver transformation by the end of the fifth year. AfT is the first step
toward the Liberian longerm national vision of socieconomic transformation, a strategy named
Liberia Rising 2030. Becoming a mididieome country unti 2030 is the main goal of this strategy,
GKAOK NBTFESOUa [AO0SNRAIFQa RSRAOFGAZ2Y (2 02YS ¢
inclusive growth. Ensuring that the resources are correctly directed, used in priority areas anc
interventions, is bthe utmost importance for the success of the program, as well as is the funding from
development partners.

The focus is not only on accelerating growth, but also on ensuring that that growth is can be sustained
and lead to a more inclusive societyBeyad income growth, AfT also supports initiatives that
contribute to a greater proportion of the population sharing the growth and experiencing better quality
of life. This implies more than just economic growtik A 1 K (G KS ! ¢ D2[ Qon, & i N
equity, justice, peace, reconciliation, human development and good governance. Therefore, aftel
wealth creation, a second key objective is to increase inclusiveness for a more equal and just societ
The progress towards these objectives will be meaduhrough three indicators:

1. Per capita income and consumption measures
2. Millennium Development Goal (MDG) indicators
3. Census indicators of unmet basic needs

AfT is supported by four main pillars and an additional core pilldhese pillars, which amautually
reinforcing, are:

1. Peace, Security and Rule of Law, which includes the continuation of professionalization o
security institutions, the investment in institutions that manage to resolve conflicts in a
peaceful manner and the expansion of the josetisystem, with the strengthening of its
transparency.

2. Infrastructure and Economic Transformation, as one of the key objectives is to improve
infrastructure ¢ energy, roads and bridges, post and telecommunications, public buildings
and affordable housinglhis also involves the development of the power sector, the results
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of smallholder sectors (agricultural, fishing and forestry), and increasing exports, among
others.

3. Governance and Public Institutions, in which the government is to develop a closer
relationship with the people, strengthen good governance and pdadkling and maximize
resources available for the public good.

4. Human Development, where areas such as free basic education for children, opportunities tc
develop skills among youth to make themmployable and productive, and the increase of
access to health facilities, safe water supplies and waste management are considered.

5. CrossCutting Issues, the fifth crogsitting pillar, which summarizes critical issues that need
to be taken into consideran in all other pillars. These include a segment of four
group-specific issues¢ Gender Equality, Child Protection, Disability and Youth
Empowerment, and other four for all societyEnvironment, HIV and AIDS, Human Rights,
and Labor and Employment.

3.2 THE EONOMIC STABILIZANI@ND RECOVERY PLAN

Rationale for the development of thd&economic Stabilization and Recovery PI&SRKRR As discussed
before, Liberia was in the right path to recovery and was facing a period of peace and stability when th
Ebola ViruDisease (EVD) epidemic hit the country. This Ebola outburst caused significant economic ar
social damages in Liberia. It negatively impacted household livelihood and welfare across the countr
closed schools and hospitals for a significant period oétited to major delays and cost overruns on
1S LINR2SO0tas IyR ONBIFGSR Ylyeée WwW9o2fl 2NLKIYyaC
GKAA 2dzioNBlI'] dKAIKEAIKGSR GKS @dzf ySNI 0Af A(GASE
usl y 2L NIlidzyAde (G2 NBodAfR GKS FEFEONARO 2F 2 dzNJ
this issues emphasized by the EVD was mandatory.

Overall Objectives of the ESRPKS LINAYI NBE | AY 2F (KS 9{wt O0GKS
needed to respond to the EVD epidemic, to stabilize the economy, and get Liberia on a path to inclusiy
3 NP ¢[1i8K Ehe Plan, therefore, is intended to highlight investments that have the greatest potential
of bringing econmic stabilization and recovery in the shortest time possible, creating jobs, and
improving the lives of the citizens. In order to get the economy back on track toward the primary goals
2T GKS 02 dzy i NB @eiim dévelRpindat plahsythe plar2fotess on three core objectives
that are fully aligned to and consistent with the objectives of the Agenda for Transformation and Liberie
Rising 2030. These objectives focus not only on the immediate direct and indirectesoai@mic
impact of the Ebola epideic but also are intended to address enduring institutional and infrastructure
weaknesses. These three core objectives are to:

I. Revitalize growth to prerisis levels whilst ensuring that it is inclusive and that it creates more
and better jobs;

ii. Provide spport for the poor and other atisk group to strengthen resilience and reduce
vulnerability;
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iii. Rebuild and strengthen the capacity to deliver core social services including education an
health with better coverage particularly in the rural areas.

Main Strategic Interventions of the PlanThe ESRP is to be implemented in two different timeframes,
one for immediate stabilizationn the Fiscal Year of 2014/18-Y2014/15), and another through
FY2015/2016 and FY2016/2017 for recovery and resilience. This evilobe through intensive
O22NRAY I GA2Y G6AGKAY D2@SNYYSyld FyR Ay FftA3AyYS
activities that reflect Governmerdriven priorites.[ A0 SNA I Qa 9{wt Aa OFGS13
strategic interventions:

Strategy 1:Recovering Output and GrowthThis strategy seeks to revitalize growth to joresis
levels, such as restoring GDP growth to astethe precrisis rates of 5.9%y 2017, whilst
ensuring that it is more inclusive by creating more and bettdssjoUnder this Strategic
Intervention, the Government hopes to increase employment in key sectors through efforts to
increase competitiveness, enhance exploitation of the value chain by stimulating private sectot
growth in value chains sectors which aréda intensive and have most potential for export (e.qg.
NHzo 6 SNE 2Af LI fYX 02023 FAaKZ FyR Ol aal gt o
diversifying exports, and facilitate better access to domestic and external markets. Additionally,
addressing the infrastructure deficit and associated cost increases caused by the crisis remains
critical priority of this plan, thus activities under this Strategic Intervention will be conducted in
private sector development(including SMEs)agriculture fisheries and forestry; services
manufacturing mining _and panning and critical support infrastructure(energy, roads and
transport; sanitation and water); and Information and Communication Technology (ICT)

Strategy 2:Strengthening Resilience and Redng Vulnerability The Government of Liberiaill
implement activities in four key sectors, Kealth and Social Welfamtivities to increase access

to, and utilization of, quality health and social welfare services and offer a comprehensive packag
of interventions of proven effectiveness; (#ducationactivities to ensure equitable access to free
basic education for all children; (iBocial ProtectiorfSP) activities, which will adopt a clear and
comprehensive policy and fiscally sustainable sysfer SP to support the poorest and most
vulnerable, in the recovery from the Ebola crisis and to improve resilience through future shocks
and (iv)Security and Rule of Laactivities to maintain the current security situation, ensure their
sustainabilityand to increase the accountability and legitimacy of national security institutions
FYR (KS LlzotAO0Qa O2yFARSYOS Ay GKSYO®

Strategy 3: Reinforcing Public Finances and Ensuring Service Del®etyplans to secure public
finances and ensure service delivéinyoughthe improvementrevenue administration to increase

tax compliance; enhancing economic governance; and prioritizing public expenditure to ensure
efficiency in the use of the limited resources.

Energy Sector Strategic Objectivefds mentioned before activities under the first Strategic
Intervention will be conducted in critical support infrastructure, and in particular to the energy sector. It
is important to note that this sector is extremely underdeveloped: Liberia currently has an electrification
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rate extremely low and one of the highest electricity tariffs in the world. Thus expanding access ftc
reliable and affordable electricity supply is among the main priorities of the GoL. Indeed, the strategit
202SO00AGBSa RSTAYSR Ty albrdater ppwerafi®r® the hatiohaNgsid ta puBlic &
services in health and education, as wellMisro, Small and Medium Enterprisdd$ME$, industries

and households in urban areas, while supporting alternative modes of generation that can extenc
electricity to consumers in other areas using sp@lDl £ S GKSNXYI X &2t N |
a2NB2PSNE [ R0 SNB | [Qlay RadAsy A & Asifdegy for théR powey Sebid &idsi to
accelerate the expansion of affordable sees and bring electricitto 35%o0f the Liberian population

and 70 of people in Monrovia by 2030, including vital public services. The proposed interventions
under the plan include:

Recovery and Resilience (FY2015/16 and FY20168&¢ure funding for additional costs incurred
due to delays in the implementation of priority Energy projecipecifically the Mt. Coffee
(USDLOOM); and adopt an integrated approach to address both shenn and longterm
electricity supply needs.

Agenda for Transformation objectives and outstandirignding. In regard to taking forward the AfT
objectives in the Energy sector, there remains a delivery challenge to ensure disbursement of fundin
already committed to Energy (USB5.68M outstanding). Howeverfurther critical priority Energy
projects remain in need of funding, including:

Additional Transmission & Distribution linesTransmission and Distribution lines from Monrovia
to Tubmanburg and Monrovia to Firestog@about UDS50M;

Via Reservoir/St Pauiver major hydro project Detailed study and documents being prepared by
the European Investment Bankl@, that will require at leasty3 300M investment.

3.3 THE NATIONAL GENOEBLICY

Rationale for the National Gender Policy (NGRE analyzed before, labia has a high level of gender
inequality, being the ' country with the highst Gender Inequality IndeThe National Gender Policy is
GKSNBF2NB Iy AyaldNHzyYSyd F2NJ OKFy3aS AffdzaaG NI GA
and moving on wh sustainable development for both women and men in Liberia. The Policy
demonstrates high political will and commitment by the Government to eliminate all forms of gender
based discrimination in order to achieve gender equality, as equal opportunityl foe@ple is essential

to the construction of a just and democratic society. Thus, the vision of this NGP is to guide the countr
towards achieving gender equity and equality, building and utilizing the potential of women and men,
boys and girls in pursuirend benefiting from national development goals.

Objective of the NGPThe National Gender Policy seeks to address gender inequalities and the
marginalization of women in Liberia. In addition, it is intended to break away from the cultural and
traditional mind set of individuals. The Policy mandates mainstreaming gender in all national
development processes, as well@asSy K yOS ¢g2YSyQa FyR 3IANIAaAQ SY
equitable development; promote gende&quitable socioeconomic development pesses and
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mechanisms in which women participate equally and that ensure that women and men can equall
I 00Saaz O2yiNRt>X YR 0SYSTAG FNRY GKS O2dzyiNE
'y SljdzZtf ol airad ¢KS A ¥nfatioR Hhany tBn ygasNdoni 2050 tol2220.A O & ¢
Policy priority areas and strategiesThe Policy identifies 19 priority areas for intervention each with

their own objective. The priority areas in which rural electrification can have a positive impact knd he
achieve the goals established in the National Gender Policy are presented below:

Gender and the EconomyThere are several priority areas regarding gender equality in the
economy, hamely, women economic empowerment; employment; trade, commerce andmnpdus
The key challenges identified for action include complex and expensive requirements for busines
registration and public tendering; limited capacity of technocrats to mainstream gender
perspectives into macreconomic; low literacy of women in issue economics; unequal
benefits to women in trade; low representation of women in formal employment; discrimination
against women in labor markets etc. Inde@hmen are responsible for most household cooking,
gathering firewood or making charcoal, and fatgy water which takes time away from other
productive activities. Due to these traditional gender roles, financial subordination, lack of
SRdzOF A2y > YR a20Alf O2yadNIAyda tAYAOG g2
status. Typical divisns of labor keep women at home with responsibilities for everyday
household maintenance tasks and child rearing, restricted in their ability to earn their own money
and engage in civic activities. Thus, better access to energy services frees womerxtiemee
household drudgery, increases their educational and employment possibilities, and allows them tc
participate more fully in community and political affairs. Moreover, they can become gainfully
employed in industries such as tailoring, which makesafssectric sewing machines, and other
cottage industries such as small bakeries, canteens, and laundry services, which require very litt
electricity yet can transform lives.

Gender and Educatiorithe main goals in this priority area are to mainstreamdgr in all sectors

and at all levels of education and to close gender gaps in the education sector. It is true that the
g2YSyQa fAGSNI OesoSIf 29 AKRS[ VS § KE ! TieedniEh sedBan dor 1 +
this is,as mentioned before, that women lose out on education and employment opportunities
due to their household burdens. Moreover, girls are more likely than boys to be kept home from
school because they are needed to help their mothers with the burdens of gathéuel and
water and performing domestic and agricultural chores, or because there is not enough money tc
send them. With electricity, women who have no opportunity to go to school during the daytime
can take advantage of night literacy classes, whiebuire electricity to function. Indeed,
electricity enables study groups which can meet at night, parents are able to help their children in
the evenings to do their homework for school without straining their eyes to work by candlelight,
and schools arelde to installed equipment such as tape recorders, projectors, and other devices
to facilitate learning.

Gender and Health Women suffer health problems from hauling heavy loads, working over
smoky fires, and giving birth without adequate health care iteasl Access to modern fuels eases
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the domestic burden on women, reducing the strain on their health and allowing them to pursue
educational, economic, and other opportunities. Moreover, given that without electricity women
use biomass to cook, providirdeaner cooking fuels and improved stoves would help reducing
respiratory illnesses that affect women and children. Also, modern energy services allow healtt
clinics to refrigerate vaccines, treat patients at night, and have more medical instruments, fans
and sterilizers, and access to electricity also leads to significant reductions in maternal mortality
Furthermore, pumped water from clean sources, and/or energy for purifying water, reduces the
spread of watetborne diseases associated with child mottalit is important to remember that
improvements in health raise human productivity, which in turn raises incomes.

Gender and Security & Equality Awarenes3ther than providing safer sources of cooking and
lighting fuel, electricity can also provide sttelighting which is a valuable service to improve
G2YSYyQad aASOdzNA(Geéd az2NB2OSNE gAGK | O0Saa (2
information such as TVs and radios, where gender equality and campaigns against gender bas:
violence can b advertised through the media promoting gender sensitivity. Hewdd# electricity
information is spread across the country more easily, being thus able to create awareness fc
important issues to women safety and wbking such as HIV/AIDS protectiorh{gh affects more
$2YSY (GKFyYy YSyoz O2y (NI OSLIGAGS YR FFYAf& LI
to women.

3.4 SUSTAINABLE ENERGR ALL REGIONAL TARG AND POLICY

Sustainable Energy for All (SE4AIl) is an initiative which aims to transfdtnst ¢ 2 NI RQa Sy S
in order to build a more prosperous, healthier, cleaner and safer worldhe initiative was launched in
2011, by the UN Secretafyeneral Ban KVloon, who shared his vision for making sustainable energy
for all a reality by 2030Governments from 106 countries and the European Union, as well as the
private sector and multilateral institutions, have already partnered with this global initiative in order to
mobilize action from all sectors of society in support of three interlinke@ctives:

1. Energy accessto provide universal access to modern energy services
2. Energy efficiency to double the global rate of improvement in energy efficiency
3. Renewable energyto double the share of renewable energy in the global energy mix

There areregional hubs for the initiative, as the SE4AIl Africa Hub, to better coordinate and facilitate the
SE4All implementation in Africa.

Liberia is working toward the SE4All goals.a a Gl 0 SR LINB@A2dzat e [ A6 SN
damaged by the arnek conflict, and is now trying to recover. Therefore, as far as the first goal is
concerned, access to electricity in Liberia remains one of the lowest in the waohlel largest part of

the population is not electrified and some depend on ggheration.To assess the second goal, energy
efficiency, the energy intensity was estimated with the 2008 Census data, since the energy intensity is
YSIFadzNE 2F GUKS SySNHeée STFAOASyOe 2F | ylL A2y
0.3toe/kUSD. This loW | £ dzS Ol'y 6S fAY{SR G2 [A0OSNARI Q& R2Y
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on thermal generated electricity. Renewable energy in Liberia, the third objective, is currently
improving, with the planned and egoing renewable projects. Despite this fadt,2 G KA & Rl
generation is 100% diesel dependent. -@ffid renewable generation exact values are unknown,
Ff 0K2dzZ3K [AO0SNAIFIQa fFNBS dzaS 2F GNIRAGAZ2YI T 0
from sustainable forest resources. DifferdniNE ANJ Y& | YR AYAGALFGAGBSE &dz
the SE4AIl targets.

3.5 NATIONAL ENERGY RLI

The National Energy Policy (NERP]O2y Gk Ayad [AOSNAI Q& yI (A Aysid @
[ AGSNAI Q& FANBRGO SySNHeE LRtAOCed LG ol & adl NISFK
White Papef20] was released in 2007 by the Ministry of Lands, Mines and Energy{18[E#fas finally
endorsed in 2009, resulting of the transformation of that White Paper after a process of scrutiny and
validation, with the technical and financial assistance from several partners. Through th¢l8JEP
Liberiaaims to ensure universal access to modern energy services in an affordable, sustainable ar
environmentallyfriendly manner in order to foster the economic, political, and social development of
Liberia. This is crucial to the achievement of the MillenniDevelopment Goals and Liberia Poverty
wSRdzOGA2Y {0iN}XdS3ez IyR NBIFIFFANNVYAE GKS D2JSNY)
possible with access to reliable, accessible and affordable energy.

The National Energy Polidi9] is founded on three essential features and four key policy issuEse

three essential features for the implementation of proposed energy sector reforms are: (1)
RSY2YAGNI 0Ay3 GKS D2@SNYyYSyidQa NBa2f JRarefdicgiNalII 2 ;
sector transactions, as transparency improves efficiency, also assuring potential investors that a
participants in the energy sector are treated equitably; (2) overcoming the significant obstacles tc
private sector investment in energy sui, since the perceptions of political risk or a lack of buying
power discourage investors from considering Liberia; and (3) creating the requisite institutional anc
legal framework and an independent regulatory regime, by restructuring to create comslitio
introduce competition, transparency and investment, promoting private sector participation, having a
costreflective pricing and ensuring that the regulatory process is able to balance investor and consume
interests.

There are four main strategissues in which the NER9]is based on:

1. Accesg; regarding availability of energy products and services, the goal is to achieve growth
with equity, making sure that every urban and rural household, economic enterprise and
social and administrative center has access to modern energy services, with the expansion ¢
energy supply and delivery systems;

2. Quality ¢ the issue is acceptability, by emulating international best practice in terms of
product and service standards, aslixes management and regulatory practices;

3. Costc the minimization of economic, financial, social and environmental costs is required in
order to address the affordability of energy products and services, ensuring a balance
between the interests of invests, consumers and the general public;
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4. Institutional frameworkg the issue of adequacy or capacity for energy delivery is addressed
by creating a partnership between the public and private sectors, resulting in the
involvement of the private sector to thergatest extent possible.

Goals were set by the GoL, in line with the Millennium Development GoAlscording to the National
Energy Policy documefit9], these are:

1. 40% of Liberian citizens living in rural and pgban areasand using traditional biomass for
cooking shall have access to improved stoves and kerosene or efiggertookers in order
to cut indoor pollution;

2. 30% of the urban and peurban population shall have access to reliable modern energy
services enablinghem to meet their basic needs (lighting, cooking, communication, and
small productionrelated activities);

3. 15% of the rural population shall have access to reliable modern energy services towarc
meeting the same basic needs;

4. 25% of the schools, cliniand community centers in rural areas shall have access to modern
energy services for lighting, refrigeration, information and communication, etc., and shall be
equipped with productive energy capacity.

Additional targets were set by the Government of Liba, considering the sustainable expansion of
the energy accessBoth these goals and the ones stated before are in line with the national vision,
Liberia Rising 2030, and the initiative Sustainable Energy for All. The additional targets set take in
consderation environmental costs and benefits, as well as the maximization of efficiency to minimize
costs and environmental impacts. The targets defined are:

1. Reducing greenhouse gas emissions by 10% by 2015;

2. Improving energy efficiency by 20% by 2015;

3. Raisig the share of renewable energy to 30% of electricity production and 10% of overall
energy consumption by 2015;

4. Increasing the level of biofuels in transport fuel to 5% by 2015;

5. Implementing a longerm strategy to make Liberia a carbon neutral countryeimergy
production and transportation by 2050.

3.6 NEW ELECTRICITY LAW

On September 24, 2015, the House of Representatipessed the 2015 Electricity Law of Liberia,
which opens the Liberian electricity market to private investorBhis new electricity law was predicted

in the National Energy Policy, and its objective is to regulate and promote the development of the
electricity sector and to review the mandate of LEC in line with the National Energy Policy. The then ac
according 6 the committee, contains essential ingredients on the liberalization of the electricity sector
and is largely consistent with international best practices, since it is a way to liberalize the electricity
sector as a means of driving competition which douhprove access, improve quality and lower costs.
The proposed act establishes the legal and regulatory framework for the generation, transmission
distribution and retail sale of electricity and for import and export. This will create an enabling
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envirorment for private sector investment in the energy sector of Libdndependently of this legal
framework, there are a lot of companies and institutions operating their own power plants. Especially
the mining companies include their rights to power prodantin the concession agreements.

Although this new Electricity Law represents a significant improvement, some argue that there are
still constraints.This is supported by the fact that the authority in charge of the Regulatory Commission
is LEC, which iat the same time a referee and a player. Even though the law will ensure the
establishment of an independent Liberia Electricity Regulatory commission, which will consist of :
chairperson and two other members to be appointed by the President with theettrsf the Senate,
many believe involving the government will make the commission no different from the LEC. From the
effective date of the proposed law, LEC will be considered to be licensed provisionally to engage in tf
power generation business, powgeneration transmission, distribution and sale of electricity.

3.7 RURAL ENERGY POIAND® PRIORITIES

Country agenda and policyLiberia aspires to become a middle income country by 2030 and has
approved its Agenda for Transformatietiberia Rising 2030 with the focus not only on accelerating
growth, but also on ensuring that growth can be sustained and lead to a more inclusive society. Equil
Aa F 1S® LINAYOALX S 2F [AOSNARI QA LRfAOe gKAOK
also on he National Gender Policy which aims to guide the country towards achieving gender equity
and equality, building and utilizing the potential of women and men, boys and girls in pursuing anc
benefiting from national development goals.

National Energy Policyprinciples The National Energy Polid§9] that details the Agenda for
Transformation of the Energy Sector was approved in 2009 with a focus on 4 key strategic issues a
objectives: Accesswith Quality and reasonableCost with an adequatelnstitutional Framework.

t NBAARSY (G 9tfSy wW2Kyazy {ANISIFT RSTAYSR (GKS ¥F;
keynote address to the National Energy Stakeholders Forum in 2006 which still remain valid:

1 Leveraging enhared energy access for improvements in education, health and economic
development;

1 Providing access to modern energy (fuels and electricity) for previously neglected rural

consumers;

Enhancing transparency and accountability at every stage of energy apesati

Ensuring the longerm financial viability of electric utilities and other energy companies;

Ensuring the affordability of all energy forms for poor consumers;

Balancing the environmental costs and benefits of all energy programs, taking into accoun

the collective global effort to control harmful greenhouse gases responsible for climate

change;

1 Maximizing energy efficiency and demaside management to minimize the financial and
environmental costs of energy development;
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1 Ensuring the involvementof & LINA @I §S aSO02NJ 42 (GKS &a3aINB
the energy sector; and

1 Ensuring that Liberia takes all requisite actions on a timely basis to integrate its domestic
energy policies into ECOWAS Protocol and other regional and internationgcisto
commitments, standards and obligations.

Rural and Renewable Energ¥he National Energy Poli9] in order to promote rural and renewable
energy established RRBAe REFUND and the need to develop the Rural EnergieMakn as a key
tool and development program to achieve universal energy access.

The following key Policies and Principles shall apply to the Rural Energy Strategy and Master Plan:

1.

Least Cost development taking account of the economic, financial, scaa environmental
factors and the special needs of the poor through the use of targeted and transparent capital
subsidiesP ¢ KS wdzNJ f 9y SNHeE& aladSNI ttly &aKlff¢

' VADSNEI I 00Saa¢ f 2y 3 pleShidinessed antl defvides sHalf be f
electrified using the technology that minimizes the cost of service to that particular location,
person or business. Only in such a way will Liberia be able to achieve universal access at tl
lowest cost possible. Ssidies for the poor will be transparently applied to the least cost
solution.

Equity across regions, social classes and genders while balancing efficiency on the allocation of
available resourcesAll Liberians, independently if they are at Montserrado,nnd or other

parts of the country, independently if they are rich or poor or independently if they are men or
women, have equal right to access energy services. However, resources are limited an
therefore the Master Plan has to decide who to electfifgt and with which level of service or
support ¢ considering also the fact that some precedent investments may be required to
electrify a given area or location. The Master Plan is formulated on the basis edeiiakd
project selection and prioritizain criteria which considers first Equity but also Efficiency.

Priority to electrification of community services and health facilitieey decision makers
across Liberia share the perspective that electrification should start with Health Facilities, thar
Schools and Public Lighting (Education and Security), and only after households and business
The common services shall have priority relative to the individual solutions.

Use of indigenous and renewable resources in a sustainable way while avoidingrignce

on solutions with very high running costdf it is possible to use indigenous and renewable
resources instead of importing oil or other fuels in a competitive and reliable way, the Master
Plan shall opt for the use of such indigenous and renewaddeurces. Sustainability means,
among other things, that the utilization of biomass or other sources of renewable energy do not
contribute to deforestation or to food insecurity. Diesel only based electrification is considered
as very expensive to maintg environmentally unfriendly and unsustainable.

Facilitating private sector investment through the unbundling of power sector activities, the
implementation of clear and transparent award and remuneration mechanisms and the
targeted use of subsidies andrants. It is the Government intention to involve the private
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aSO02N) G2 GKS GaINBFGSad RSINBS LkRiaaArofSéod !
some of those activities to Independent Private Operators through clear and transparent
mechanisns will facilitate private sector participation. The Government shall ensure the long
term financial viability of power sector players allowing full e@stovery at affordable tariffs by
reducing capital expenditure and remuneration through the target&dd31 2 F & I NI y { & ¢
subsidies.

6. Transparent and independent regulatory process to ensure safe, secure, reliable and
sustainable power at a costeflective but affordable price Regulation is the most effective
mechanism of control for natural monopes such as Power Transmission or Distribution.
Regulation offers transparency and also risk mitigation which can provide confidence both for
private investors, donors and lenders. Cosflectiveness and affordability traeeffs in rural
areas can be ab mitigated through the use of regulatory mechanisms. Where feasible the
regulator shall promote free and fair competitigqmamely in Generation and in Procurement of
goods and servicasto enable consumers to get the best prices.

7. Promoting regional coperation. Liberia is a member of the Economic Community of West
African States. Rural Energy Strategy shall promote the participation of the key actors in the
regional market to enhance international trade of electricity and to maximize opportunities for
cost reduction, for investment and for crog®rder electrification.

Sustainable Development Goals and Sustainable Energy forTAk. National Energy Policy established
targets in line with theMillennium Development Goals having 2015 into perspective. Wileennium
Development Goals have been updated with the Sustainable Development Goals which incorporate th
Sustainable Energy 4 Alltiative and goals of universal energy access, doubling of renewable energy
and energy efficiency. Liberia is fully coitted to the Sustainable Energy 4 All initiative and therefore
the Rural Energy Strategy and Master Plan updates the rural energy targets with the 2030 horizon ar
new more ambitious goals into perspective.

ECOWAS Renewable Energy Polithe ECOWAS RendMa Energy Policy was adopted by the 43rd
Ordinary Session of the ECOWAS Authority of Heads of State and Government, which held in Abu
Nigeria, from 17 to 18 July 2013. This policy on renewable energy aims at ensuring increased use
renewable energyaurces such as solar, wind, srsdhle hydro and bioenergy for grid electricity supply
and for the provision of access to energy services in rural areas. The ECOWAS region set a clear targe
AYONBI A4S GKS aKINB 2F NBy Belettrmify Bix t5 Y0SNER@20 angl 19% i S
2030. Including large hydro, the share would reach 35% in 2020 and 48% in 2030. Around 25% of t
rural ECOWAS population will be served by fgiids and stangilone systems by 2030.
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4 BARRIERS, EXPECTNBANLCPRIORITIES FOR RURNERGY (BELIEFS AUDI
RESULTS)

4.1 BELIEFS AUDIT: MEDHILOGY AND QUESTIGNRE

Beliefs Audit Questionnaire purposeThe Beliefs Audit questionnaire was conducted to key
representatives of the power sectaluring the development of the RESMEPross all Liberian counties
aiming to support a series of individual interviews with key decision makers and stakeholders to asse:
beliefs, reasonable goals and expectations regarding rural electrification in oreéaiioratethe Rural
Electrification Master Plan. This Beliefs Audit questionnaire praovitee Consultant a better
understanding ¥ G KS O2dzy i NAR Sa TSI §axMBIaAs dthgrRey knfortnatiadSShd Jt
visits and interviews were done nonly in Monrovia, but also in the 15 counties where beliefs audits
interviews were undertaken, data from the local authorities and relevant stakeholders was ed]lect
and discussions with local and central authorities were conducted in order to revisstablish
priorities and objectives for the development of a voluntary vision for increasing energy access to rure
Liberia.

Beliefs Audit methodology.Interviews and questionnaires were structured in a way to obtain
comparable and statistically relevambformation. A total of 60 belief audit questionnaires were
conducted across all 15 Liberian counties and at least three interviews were done in each county
Nevertheless, the county in which more beliefs audit questionnairee conducted was Montserraglo
where 14 interviews were conducted, mainly to central authoritiesated in the capital Monrovia
Also, within these 60 interviewsl4 were made to central authorities, including five RREA
representatives, six central representatives of the MinistryLahds, Mines and Energyne central
representative of the Ministry of Internal Affairs, oh&Qepresentative, and one energy specialist of
the Energy and Security Group. Furthermore, 29 interviews were conducted to local authorities
including 9 supentendents and 7 acting superintendents, three city mayors, and two regional
coordinator mining agents. The remaining interviews were made to other power sector players such a
petrol and energy equipmengellers.

Beliefs Audit structure.The beliefs auditquestionnaire had a total of 27 questions, dividedsix
groups: A. General Targets; B. Specific targets; C. Priorities; D. Funding; E. Institutional/policy; and
Other questions, made only for county questionnaires. The beliefs audit questionnaivegllbas the

list of respondentsis presented inANNEX.

4.2 MAIN BARRIERS FOR/BEOPMENT OF RURAEEGY

Slow development of rural electrificationln the nearly ten year period between the end of the war
and the beginning of the Ebola crisis not much electrification happened. Moreover, as mentioned
before Liberia only has a rural electrification rate of 2%, anthribehind the other West African
countries. Thus it is of a major importance to understand the reasons for this slow rural electrification
and its barriers.
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Main barriers for development of rural energy appointed in the beliefs audlihe two main reasons
were appointed to this lack of delopment in the power sector in the beliefs audit: absence of funding
YR (GKS SEOQOfdzAaA2Yy 27F FRuweANy UEwVErQ the HaliE 2oNdrél A S 2
electrification vary a lot depending on the type of authority or player in the power sector. Indeed, while
central authorities do not have a unanimous vision as to what is the main barrier to electrification, the
f 20 f I dzii K2 NJergeité theabs@nkaiok indilig (33%), and the other players agreed it is
RdzS§ (2 GKS SEOfdzaAz2y 2F 3I20SNYYSyidiQa LINA2Z2NXIG
appointed to be a cause for the slow development of rural electrification followedabk of human
capital.

w
[=]

27 26

NN
(=]

Number of Respondents
=
(93]

14
10 8
5
0
Absence of funding  Lack of human capital Exclusion of Limited private sector
Government's priorities investment

Central Authorities Local Authorities Other

Figure4.1 ¢ Main barriers to electrification.

Bottlenecks to the development of a national electricity system according to the ESRRer than
these barriers appointed in the beliefs audit, according to the Econotaiili@ation and Recovery Plan
developed in April 2015, the main bottlenecks to an efficient and sustainable development of a nationa
electricity system are:

9 Lackof infrastructure for transmission and distribution;
1 Electricityutility in a precarious financial and technical situation, with an area of service limited
to Monrovia.

Moreover, in the Gbarnga workshop for validatigrparticipants also appointed several barnig to
electrification.Ly GKS {dF 1 SK2ft RSNRa / 2yadzZ GFradA2y | yR +*
City, Bong County, on February 4, 20tt&re was extensive discussiom assess the main barriers to
electrification in Liberia. Several barrierentioned were in accordance with the ones appointed in the
beliefs audit, such as the lack of funding and political support, and the lack of human capital an
technical capacity. Nevertheless, other barriers were also brought up in this workshop thadl sfeou
evaluated. These new barriers to electrification disclosed in the workshop were the lack of transparenc
and accountability, the need to raise awareness and provide affordable solution that also addres:
gender sensibility and thus are adoptable by fhopulation, and the electricity theft which undermines
the power sector sustainability.
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Given all these sources, several barriers to electrification were detect€éde main barriers to the
underdevelopment of the power sector in Liberia are as follows:

Barrier 1: Absence of Funding. A 6 SNA I Qa L}2gSNJ aSOG2N) Aa asSN
great deal of funding is needed in order to build the necessary infrastructures for transmission anc

distribution. As any other type of infrastructures, the capéapenses are extremely high and thus

there is a need to raise capital in order to invest in this sector. An analysis of the funding potentia

will be conducted latter in this study.

Barrier 2: Lack of Political SupporAs mentioned above, in order to delop the energy sector a

great deal of funding is necessary. A major part of the funding available to a country passe
through the government on various form, from tax and grant revenues to concessional loans. Thu

AG Aa GKS 32 JS Ny AMboesie thedfundidg availabye doithe sevekall séctois 2Many
NBaLR2yRSyGa FLILRAYGSR GKFG T 0F NNASNI G2

priorities, thus indicating that this sector has a lack of political support which challenges its

expanson.

Barrier 3: Lack of Transparency and Accountabili§everal studies show how information

asymmetries, lack of transparency and accountability affect the quality of public services and hav

a negative impact on development. Indeed, the monopolistic reawf gridbased electricity, the

main means of delivery, presents opportunities for rent seeking and can lead to inefficient
services, underinvestment and poor maintenance of infrastructure. Hence, addressing the lack o

transparency and accountability ¥a Sy adzZNB (G KS LI12gSN) aSO0G2NDa
customers.

Barrier 4: Lack of Human Capital and Technical Capaktitynan capital and technical capacity
are two factors that are mandatory in order to develop a sector. Without the human capital a
thus the knowhow to develop the power sector it will be impossible to do it. However, human

capital alone will be no good if there is a lack of technical capacity, indeed without technical

capacity the knowhow would not be able to be used. Concludihgying the funds and resources

to pay for largescale projects like electrification is essential, but without the skilled labor and

technical capacity it is impossible.

Barrier 5: Limited private sector investmenMore than funding, power sector investmealso

provides human capital and assumes substantial financial, technical and operational risk in th
projects. Indeed, the amount of funding needed to invest in the power sector cannot be financed

by the public purse alone, and thus encouraging privat@stment in infrastructure is an option

that governments cannot afford to ignore. Moreover, private sector participation can bring

benefits other than additional capital. The examples include the-es®t benefits of a more
competitive environment, as vief & GKS Y2o0AtATlIGAZY 27

expertise and managerial competences in the public interest. Moreover, private participation in

infrastructure can help boost both the coverage and efficiency of infrastructure services.
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Barrier 6: Need to raise awareness and provide affordable options for electrification thus
granting the adoption of the populationWhen introducing something new to the population, in
this case electricity, there is a need to ensure that the options providedhimpopulation fits

their needs and that it can be adaptable to their life. Hence, it is extremely important to raise
awareness to the benefits of electrification to the population while adapting these options to their
customs and life. For example, peojoterural areas usually have larger families and prepare their
meals in larger pans, thus when promoting efficient cook stoves there is a need to ensure tha
they are adaptable for the population and that they can continue using their utensils.
Furthermore this utility also needs to be affordable for the population. Addressing issues such as
gender sensibility is also necessary in order to ensure that these new options are welcome b
everyone and that enable an equitable growth.

Barrier 7: Electricitythai ¢ KA OK dzy RSNX Ay Sa (KS Ihdrdéer$odhsard O
the sustainability of the sector of for it the keep developing, there is a need to mitigate factors
such as electricity theft. This is a bigger problem where monitoring and oveisigi®ak and
when accountability mechanisms between politicians and citizens (electricity consumers) anc
between politicians and electricity service providers are not strong.

The analysis of these barriers is presenteANNEXI.
4.3 EXPECTATIONS ON OQMHRACCESS GOALS

Introduction. Part of the beliefs audit questionnaire aimed to understand the general targets of rural
electrification in Liberia from the achievable goals across several periods of time to the distribution of
electrified people between large cities (including county capitals) versus rural areas. The knowledg
regarding these topics crucial for the elabmation of the Rural Energy Master Plan for Liberia, as the
Gonsultant and the Liberian authorities and players of the power sector need to have their general
beliefs aligned. Thus understanding the expectation on overall access goals in Liberia regaeding r
electrification is mandatory.

Target regarding rural electrification rate in Liberitn order to understand the rural electrification rate
target across several timeframes, it was asked what the respondents believed could be genuinel
achievable as an electrification target for the population outside of Monrovia in the next 5, 10 and 15
years. The answers to this question are presentedrigire4.2. It is clear that there is a convergence

of visions regarding the electrification rate in the short term (next 5 years, until 2020), and in the long
run (next 15 years, until 2030). Indeed, 56% of the respondents agreed that the achievable
electrification target for the population outside Monrovia until 2020 would be less than 25%. Moreover,
in the longterm (until 2030), the majority of the responden{68%) thought a rural electrification rate

of more than 50% could be achievable. Regarding the views for the rural electrification rate in the
medium term scenario, in the next 10 years (until 2025), there was no convergence of visions, as 41
thought that the rural electrification rate achievable would be below 35%, 15% said between 35 and
50%, and the remain 41% agcei could be more than 50%
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Figure4.2 ¢ Electrification target genuinely achievable for the population outside of Monrovia.

Central authorities have more conservative rural electrification targe®hen comparinghe beliefs of

the different players of the power sector, it is noticeable thegéntral authorities have more
conservative rural electrification targets, especially when it comes to the long run. Indeed, the rural
electrification target set by central authorities for the next 5 years was, on average, 21%, compared
25% of local autbrities and other power sector players. Concerning the medium term rural
electrification target, the average of the central authorities is 35%, versus 46% of local authorities an
45% of other agents. Lastly,is in the long term (up to 2030) where thasdrepancy between central
authorities and other players is more evident, as the rural electrification target for central authorities in
the next 15 years is on average 51%, and the local authorities and other agents is 71% and 74
respectively (se&igure4.3).

Central Authorities Other Players Local Authorities
80% 80% 74% 80% 1%
70% 0% 0%
605 60% 60%
51% Current Rural

50% 50% 45% 50% 46% Electrification target
40% 359 40% a0% 2030 (35%)
30% 21% 0% 25% 30%  25%
20% 20%. 205
10% 10% 10%

0% 0% 0%

Syears 10years 15 years Syears 10 years 15 years Syears 10vyears 15 years

Figure4.3 ¢ Rural electrification targets by type of authority.
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High rural electrificationtargets, especially in the long rur©ne thing to retain from the answers of this
question is that the targets set for rural electrification are extremely ambitiQube Rural Energy
Master Plan, as agreed with the Client in preparatory meetings, hasgattaf electrifying 35% of all
non-Monrovia population until 2030 (i.e. without benefitting from the 70% of Monrovia). In fact, from
the 68% who though a rural electrification rate of more than 50% could be achievable until 2030, 449
answered that there auld be 100% electrification. Hence the expectation for the rural electrification
targets are extremely high and thus a more ambitious scenario is going to be dev¢Gipsuters).

More balance between large cities and rural areas in the futuMhen asked what should be the
distribution of electrified people between large cities (including county capitals) versus ruralimtéas

next 5 years66% of the respondents answered that it should be 75% to large cities versus 25% to rura
areas, thus allocation more resources to large cities. Interestingly, in the longer run (next 10 to 1°
years), this percentage shift to 50% allocation to large cities 20% allocation to rural aredsee
Figure4.4). Thus, the general belief if that first large cities and county capitals should be consolidatec
first, and then a more balance focus should go to rural areas. Hence, the Rural Electrification Maste
Plan must target both cities and more rural areasith larger cities being electrified first.

Mext 5 years Mext 10 to 15 years

45 45

40 40
» 35 » 35
E 5
ﬁ an = 30
=] o
2 25 7 25
L =
&
s 20 520
= £
£ 15 1S
2 z

10 10

N I , -
0%  25%  S0%  75%  100% 0%  25%  50%  75%  100%
Percentage allocation to rural areas Percentage allocation to rural areas
- Rural Areas — Rural Areas
Large Cities Large Cities

Figure4.4 ¢ Distribution of electrified people between large cities versus rural areas.

4.4 EXPECTATIONS ON 3PIECTARGETS

Expectation on specific targetg\fter analyzing the general targets, there is a need to perform a deeper
analysis in order to better undemmbd the specific targets. The beliefs audit questionnaire was
subdivided between the specific targets regarding electrification, cooking, and diesel for generators
Concerning electrifications, the questions were developed in order to better understandettiistic
targets for electrification of certain locations and buildings such as county and district capitals, healtt
facilities and schools. Moreover, the beliefs regarding promoting Solar Portable Lamps be for the
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population not electrifiedwere also amlyzed, and if so how should they be promoted. Regarding
cooking, the questions were made in order to weigh several different energy sources and options an:
understand how these should be promoted. The final subdivision was made in order to evaluate i
diesel/gasoline is easily available in all the counties.

County capitals and health facilities are given extremely ambitious electrification targiteas asked

to the respondents what they considered to be a realistic target for electrification of locations and
buildings in the next 1@ 15 years. As presented kigure4.5, high electrification targets were set to
county capitals and health facilities, as the majority of respondents advocated a target above 80%
Indeed, 100% of the respondents answered that county capitals should all be feddchy the year
2030, and 52% agreed that a realistic target for electrification of health clinics in the next 10 to 15 year
should be between 80% and 100%, where 37% answered it should be 100%. These two types
buildings are thus very high priority ®ectrify. Administrative buildings, schools and district capital
have high priority to electrify as the majority advocates a target above 60%, and settlements with more
than 1000 inhabitants are the ones with least priority as the majority only advaecatéarget above
40%. These targets are extremely ambitious and are not going to be easy to obtain, nevertheless &
effort will be put in the master plan in order to consider these beliefs.

Very ngh Targets (Majority advocate a target above 80%)
County Capitals Health Facilities Settlements with more than 1 000

2 8 inhabitants

13
6
61 31
' ' 15
13 11

# of respondents 10

i Majority advocate a target above 40%
ngh Targets (Majority advocate a target above 60%)

Administrative Buildings Schools District Capitals
4 3 4
11

1
18
D »
11 10

Target: <20% 20%-39% 40%-59% B 60%-79% B 80%-100%
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w0
=
l\“

16
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Figure4.5 ¢ Raalistic target for electrification of locations and buildings.

Solar portable lamps, LPG and cook stoves should be promoted by making them available at
reasonable pricesRegarding Solar Portable Lamps for the population not electrified, 97% of the
respondents answered they should be promoted by making them available at reasonable prices. Th
situation is extremely similar with the source of energy that should be promf@iedooking. Indeed,

when asked it PGshould be promoted for the large cities and urban areas, cook stoves for charcoal for
the large cities and urban areas and efficient cook stoves for wood for rural areas, 93%, 90% and 95
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answered yes, respectively,né agreed they should be promoted by making them available at
reasonable prices as weRiQure4.6).

“Should LPG be promoted “Should Solar Portable

r How? How?
for the large cities and Lamps be promoted for the :
urban areas?” Making them population not electrified?” Making them
100% 23% available at 100% L available at
80% bl 80% bl
0% reasonable ., reasonable
40% prices 40% prices
20% 7% 20% 3%
0% I 0%
No Yes No Yes
“Should efficient “Is diesel/gasoline easily
How? o€ /Bas Why?
cook stoves be availablein all the
promoted?” Making them counties?” Due to
95% q "
100% 50% available at 100% inadequate
% 80% .
0% reasonable P, 0% s0% transportation
40% prices 40% network
20% 59 10% 20%
0% — 0%
No Yes No Yes

m Wood for Rural Areas

Charcoal for Urban Areas

Figure4.6 ¢ Beliefs regarding different energy sources.

Diesel/gasoline is not available in all countiek the beliefs audit questionnaire it was asked whether
diesel/gasoline is easily available in all the Liberian counties. The respondents wefOA&tli when
answering this question, as exactly 50% answered yes and 50% answered no. This however, may di
on the county, as the reason given to why diesel/gasoline was not available in all counties was due 1
inadequate transportation network. Indeeas described in thEigure4.7, while in Bong and Gbarpolu
counties 100% of the respondents agreed that diesel/gasoline was available, in MaRie@dGee and
Sinoe this percentage is down to 0.

Bong
Gbarpolu
Nimba

Bomi

Grand Bassa
Grand Cape Mount
Grand Kru
Lofa

Margibi
Montserrado
Grand Gedeh
River Cess
Maryland
River Gee
Sinoe

WYes

No

Liberia

0% 20% 40% 60% 80% 100%

Figure4.7 ¢ Availability of diesel/gasoline across all counties.
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4.5 RURAL ELECTRIFICNTRRIORITIES

Introduction. Having the electrification targets set, the next step is to define priorities. Indeed, as
mentioned before the electrification target set were extremely ambitious and so estaigigiriorities

will enable the @nsultant to create a master plan more fike (2 (G KS O2dzy G NB Qa VY ¢
priorities to electrification were evaluated in this stage, as well as the comparison of two situations
regarding source of generation, dispersion, and service level.

Health facilities are given priority tdoe electrified first, followed by schools and street lightingn

order to understand the rural electrification priorities the respondents were asked to rank what should
be electrified first.The results are presented Figure4.8. All power sector players agreed that health
facilities are the ones who should be given more priority to electrify, which is in accordance with
previous results. Following health facilities, there was a general belief that schools and street lightin
shoull be given priority next electrify. Households, businesses and administrative building were the
facilities given least priority, however their order varies with the type of authority. Indeed, central
authorities agreed that households should be electrifiest and administrative building last, while local
authorities have the contrary belief. Interestingly enough is the fact that when asked what were the
most important impacts and benefits of electrification for the population, central authorities ranked
first Productivity & Business, and now, in the priorities to electrify, they ranked businesses second f«

last.
Central Authorities Local Authorities _
1st Health Facilities Health Facilities Health Facilities
2nd Schools ] Street Lighting Schools
3rd Street Lighting | | Schools Street Lighting
Administrative

4th Households | | Buildings ] Households ||

. . Administrative
5th Businesses | | Businesses | | Buildings* ]

Administrative . N
6th Buildings ] Households | | Businesses® |
Priority Priority Priority

*Ranked equal

Figure4.8 ¢ Priority to electrify.

Majority valued lower generation costs over electrifyingve times more householdsin order to
better understand the priorities regarding source of generation, the respondents were asked to allocate
a certain budget that could only be used for one and one only electrification purpose. Thus respondent
had to cloose between electrifying 500 households with efficient diesel generators, but the households
would still have to pay for the diesel consumption, versus spending the same money and electrifyin
only 100 households with solar panels and batteries, howelvese¢ households would have to pay very
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few for energy. 68% believed the best option was the second one, thus electrifying less hougeholds
one fifth ¢ with lower running costs, as it can be seerFigure4.9. Thus, diesel generation does not
seem to be the preferred way to electrify given high running cost, and so diesel only electrification wil
not be considered as an option.

50
2 45 41
1&; 40
2 20 .
& Vs,
& 25 i3
S 20
15
E 10
= 5
0
500 HH with diesel 100 HH with solar panels
generators (high running  and batteries (low running
costs) costs)

Central Authorities  m Local Authorities  m Other

Figure4.9 ¢ Priority regarding source of generation.

Majority preferred equity across the country over electrifying twice the householdghe second
guestion of this type was for respondents to set their priority towards the dispersion of electrified
households. Hence they had to choose between electrifying 150 households distributed throughout the
nation, at the rate of 10 per each county;, spending the same money electrifying 300 households, all
concentrated in only one county. 68% of the respondents answered they would rather electrify half the
households in order to have equity across the counfigyre4.10).
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Figure4.10 ¢ Priority regarding dispersion across the country

Majority would prefer lower service level to reach more houselds. In regards to the service level
available to the households, interviewees had to weight between electrifying 100 households with full
day (24 h) current, versus spending the same money electrifying 200 households with half day (12 |
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current, from 6PM to 6 AM. To this question, the vast majority (85%) would prefer providing a lower
service level to reach twice the househol&sglire4.11).
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Figure4.11 ¢ Priority regarding service level
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PARTC LONG TERM VISION
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5 DEMAND ASSESSMENT

5.1 INITIAL CONSIDERANK®

In this Chapter, the methodology and results of the demand analysis are presented.

Rural demamnl analysis.This analysis was focused on two major demand sectors which are intended to
portray all the rural demand: 1) the residential sector and 2) the institutional & commercial services
sector. The large industries sector (namely the mining infragirecand agricultural plantations) was

not quantified as electrical consumption since they were not considered part of rural assessment
However, these infrastructures were indirectly considered in the rural demand studies, as they car
influence the consumption patterns of nearby communities. Also, this analysis considers that all

settlements, with the exception of the capital Monrovia, are in the scope of the study, even though
some may have urban characteristics (e.g. County Capitals and large citexgfonid) due to its size

and development, Monrovia is the only settlement that will not be considered in this work overall, and
namely in the demand analysis.

Chapter organizationin Chapter5.2 the analysis of the population of Liberia is presented, with special
focus on rural population. It was assumed that the consumption level varies from settlement to
settlement due to severalattors. So, in order to obtain this differentiation, a classification of all the
cities and villages of Liberia was performed and the results presented a¥wpter5.2. InChapter5.3

the residential demand assumptions are presented. It is shown the current potential residential
consumptionestimates as well as the assumptions used to determine the demand growth of the
domestic clientsChapter5.4 describes the Services and Commerdehand assumptions. Additionally

to the current and future consumption estimates of the rural Institutional & Commercial Services, this
Chapteralso illustrates the data gathering used in this analysis, namely théogated infrastructures.

In Chapter5.5, three demand projection scenarios for rural demand are shd@hmaptes 5.6 and 5.7

aim to obtain an overall idea of the total electricity demand of the Courfho, firstly a quick review of
the demand projections of th€013 Least Cost Development Pl@nCPDP)21] is performed and
afterwards a nationwide electricity consumption and demand projection is preseiMedeover, a list

of the potential beneficiaries is presented ANNEXII.

5.2 POPULATION AND SEHHNENTS CLASSIFICAITIO

5.2.1 POPULATION DATABASYD UPDATE

Rural settlements and rural populationThe development, safety and wéking of rural populations is
the main drive for rural electrification. Therefore, the first step was to determine the distribution of the
/ 2 dzy uNEsé@tiements and consequently of threrral population. The data used for this task was a
GIS database gathered from RREA, which was accompbghHd@&GIS for the2008 National population
and housing censyg]. Figure5.1 displays the referred database, highlighting Monrovia and the County
Capitals.
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Settlements distribution.The previous map shows that, besides the Capital of the Country, there are
fifteen County Capitals. There is a large concentration of settlements in the center strip of the Gpuntry
between Monrovia, Buchannan and Gbarng2 #IS@SNE | fF NBAS 02y OSy i NI
necessarily mean that there is a large density of inhabitants. In fact, the population in the mention
region is based in several dispersed small villages with low population density.

Distribution of population. The number of total population in the collected database was around 3.5
million people, of which almost 1 million is located in Monrovia. In 2008, 43.4% of the total population
of Liberia was in urban settlements and 56.6% was in rural commsanitn order to get these
percentages, a threshold of @0 inhabitantswas used to differentiate urban settlements from rural
villages. So, if a settlement has more tha@d(® inhabitants, it is considered a city. On the other hand, if
a settlement hasdss than 00 inhabitants, then it is considered a rural village. The distribution of
population in each County (considering Monrovia) is showreinie5.1.
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Table5.1 ¢ Population per County 2008

Population
County 2008 %
Bomi 84119 2.41%
Bong 333481 9.56%
Gbarpolu 83388 2.39%
Grand Bassa 236912 6.79%
Grand Cape Mount 126976 3.64%
Grand Gedeh 125937 3.61%
Grand Kru 57903 1.66%
Lofa 276385 7.92%
Margibi 208174 5.97%
Maryland 135738 3.89%
Montserrado 1118341 32.05%
Nimba 461745 13.23%
River Gee 66789 1.91%
Rivercess 71509 2.05%
Sinoe 102391 2.93%
Total 3489788 100.00%

Population per CountyAs expected, and also presentedGhapter2.2, the most populated County is
Montserrado because of Monrovia, representinignast third of all population of Liberia. Nimba also
stands out from the other counties with more than a 13% share of population. The less populatec
counties are Grand Kru and River Gee with less than 2% of the population. Rivercess, Gbarpolu a
Bomi alscstand out since all of them have less than 2.5% share.

Population database updateSince the database was prepared in 2008, the population numbers shown
previously are out of date. Therefore there was the need to update these values up to 2015, incorder t
have an estimate of the current situation. To do so, the United Nations population growth rates for
urban and rural settlements in Liberia were used. The mentioned reports stated that the population
growth rate in urban Liberia is to be 3.21% per yead anrural Liberia 1.42%. So, taking into account
the population distribution in 2008, the estimate population in 2015 is above 4 million people, which
represents a 2.2% annual growth.

The distribution of population ineach County for 2015, considering Mowia, is shown ifmable5.2.
Comparingrable5.1 with Table5.2A G OFy 6S aSSy GKIFd GKS Y2NB ad
of population due to the higher growth rate of urban population. This is a typical result since, besides
the normal birthrate, there is a tendency for a migration of the dispersed populations to the large
conurbations.

Table5.2 ¢ Population per County 2015

County Population o,
Bomi 94941 2.3%
Bong 377583 9.3%)
Gbarpolu 92038 2.3%
Gesto
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Population
County 2008 %
Grand Bassa 271827 6.7%
Grand Cape Mount 140148 3.4%
Grand Gedeh 143977 3.5%)
Grand Kru 63910 1.6%
Lofa 314117 7.7%
Margibi 241840 5.9%
Maryland 156647 3.8%
Montserrado 1379929 33.9%
Nimba 524117 12.9%
River Gee 74642 1.8%
Rivercess 78927 1.9%
Sinoe 114935 2.8%)
Total 4069579 100.0%

5.2.2 SETTLEMENTS CLAS3AIHON

5.2.2.1 CONTEXT

Settlements development and electrical demands this kind of studies, it is common to associate the
social and economic development otartain region to its electrical consumption levels. Basically, they
rely on the assumption that more developed settlements will have, for example, more services anc
commercial facilities than those on small villagevhich consequently results on biggeleerical
demands. Also, due to higher development levels, residential clients have superior incomes and
greater purchasing capability, which also reflects on higher per capita consumptions when compared t
the inhabitants in small and dispersed villag&o the first step to classify all the settlements is to
understand and distinguish the different social and economic development areas of the Country, whicl
are different from region to region. For example, there are areas with a higher developmenthgrowt
potential because of the presce industry facilities, otheareas are more favorable because of
commercial development, some cities may have higher progression because they are the administrativ
center of the region, etc. Thus, the level of developmehtach region and location is uneven and is
something that cannot be taken as univocal for the whole territory.

Settlements categorization.In order to differentiate the development and ultimately the electric
consumption between different regions of éhCountry, two factors were taken into account to
categorize all settlements: 1) the Economic Potential of the area in which a given settlement is in, and :
the population and business Attraction Capacity a settlement may have. Therefore, it is assw@anhed th
each village is influenced differently depending on a development category (or demand category
assigned to it, which later was reflected in the electricity consumption per household.

On the next subsections these factors are described.
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5.2.2.2 ECONOMIC POTENTI

The Economic Potential factor relates with:

1 The expected Development Areas of the country (e.g. proximity to the Capital, to the Sea,
the Growth Corridors, etc.) and,

1 The proximity to projects or areas with economic potential. For example, mining inesist
agricultural plantations and large administrative centers are considered to have a positive
impact on nearby settlements.

Economic growth areal NBf S@I yi RS@St2LIYSyid FNBI Aa GKS
/| 2NNAR2NEE O 2FKEfUyymyAAYVRINDSPESVYROAYVATE A BS?
Corridors Volume | anc|[22], and also referred in the LCP[2R] elaborated in 2014. This area which
has been describedda a ériangle, the northern end of which anchored in the mining concession
community of Yekepa, the souttestern end which reaches the Margibi County boundary with
Montserrado County, and the southeastern end which fronts on the sea at Buéhanany partK S
Liberia Infrastructure and Inclusive Growsttaborated by the African Development Bank Group,

I 0O02YY2RI 6S& Y2NB K lruyal popmatiorf2aiid isiieipected to d&S MiBnhsida
a2yNR@GAlI FyR Ala ySINbe FNBlFazx GKS ol 0lo2yS 21
Corridor is illustrated ifrigure5.2.

21ttt [AOSNRAEFQ& LRLIzAFiAz2y SEOSLII az2yNBROAI ®
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Figure5.2 ¢ Economic Growth Corriafs.

Five different areas were defined to reflect and distinguish the different economic potential areas

1 Areas near Monrovia and Seaside Growthri@or: this area accommodates the districts that are

within and neighboring Greater Monrovia and also the ones inside the Growth Corridors, adjacen
to the seaside. This area was created because it is expected that the populations near the capit
and the sea will experience a greater economic development due to the proximity to the main
economic center of the countrg Monrovia, and because of the economic benefits that sea trades
can bring.

Countryside Growth Corridothis area accommodates the remainirdjstricts of the Growth
Corridors, namely, the inland districts. It is expected that these regions, although not benefiting as

much as the seaside growth corridors districts, may have a high development due to being locate
in the Growth Corridor.
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1 Non Graevth Corridor with Economic Potentitiitese are the areas outside of the previously defined
regions which may have some economic potential due to several factors. This area was define
taking into account the following aspects:

1. Proximity to miningfacilities, plantations and county capitaldsually, settlements near the
YAYAY3A AYRdAzZAOGNASEAZT FINROdz GdzNF € LI I yal GA2Yy
affected, since these locations and infrastructures employ many of the nearbpitahts and
promotes the development of the region. Thus, everykt® buffer for each mining facility,
plantations and county capital were considered as areas with a moderate economic potential.
In total, as already mentioned, there are fifteen County @édpin Liberia. Seven mining related
facilities were considered: Arcelor Mittal, Bomdines, PutuMine and PutuShippingand
Western Clusters I, Il and lll. Lastly, sixteen plantations were used, in which nine were palr
tree plantations and seven were rhbr tree plantations.

2. Proximity to international cross border§he main international cross roads were also
considered to have a moderate impact on the nearby settlements local economimAbsiffer
of fifteen cross border roads was considered.

3. Dense poplated districts.Higher population density may represent a greater exchange of
goods. So, the denser districts were also considered to have a moderate economic impact.

1 Other Areas near Main Roads

The areas near the main transportation routes tend to haeene degree of development. So,
taking into consideration thdRoad Infrastructure Development Mapsf the Ministry of Public
Works, the planned main roads of Liberia were sketched, ankima Buffer area was defined.

1 Peripheralthe remaining areas of the country are expected to have little economic development,
due to isolation and low population density. These are classified as peripheral areas.

All of the previously defined areas are illustratedrigure5.3.
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Economic Potential Areas

Near Monrovia and Seaside Growth Corridors
Countryside Growth Corridors
Non Growth Corridor with Economic Potential
Other Areas Near Main Roads

0 25 &0 100
— — KM

Figureb.3 ¢ Different Economic Potential Areas.

5.2.2.3 ATTRACTION CAPACITY

The Attraction Capacity is a specific featwfeeach settlement and has the objective to evaluate the
guality of life in certain city or village, due to several aspects. It relates with:

1 The administrative category of the settlement;
1 The size of the settlement;
1 The provided social and institutionakrsices, which have the capacity to offer better life
O2yRAGAZ2YE (2 GKS O2YYdzyAdeQa AyKFIoAllyldao
The characteristics considered to define the Attraction Capacity were the following:

1 Capital of the Country, Monrovia: the Capital is and will continue toheehighestattraction
pole of the Country;
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 /2dzyde /I LAGFEEA YR al22NJ/AGASay (KS NBIA
tend to offer better life conditions to new residents and businesses due to higher employment
opportunities and ecial & institutional services availability (health, education and security). In
this study, a city with more than @0 inhabitans was considered a major city;

1 District Capitals, Medium settlements, Small settlements with services: it was considered that
the district capitals, settlements above 000 habitants and settlements above 500 habitants
with services, offeredomelevel ofattraction;

T {YLff {SGaGtSYSyday avltf asSadtSySyida | NByQ
stand in last in th Attraction Capacity factor.

¢KS KAIKSNI 6GKS NBfS@ryOS 2F GKS asSiatSySydaqa |
growth and development of the locality, and consequently the average electrical consumption of its
inhabitants and serees.

InFigure5.4A & AffdzAGdNFGSR Ay | YI LI GKS OflFaairFTAol Ga
capacity. In total, there are thirtyine settlemens classified as County Capitdijor Ciy and 512
settlements are accommodated in the District Capitaisedium sized settlementsand small
settlements with services classification. The remaining settlements, with the exception of Monrovia, are
classified asmall villages.

®In the gathered database, the district capitals identification was unavailable. Thus, to overcome this lack of infortvatisiconsidered that the largest
city or village in a district is its capital.
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5.2.2.4 SETTLEMENTS CLASAIHON DEMAND CLASS MATRIX

[ TGSA2NRT FGA2Y 2F GKS O2 te¢ domiBinatin df Al tidAadtois Mefigen O 2
GKS LINBQOA2dza adzoaSOitAzya lftft26SR GKS ONBIFAz2Y
population communities. Thus, six different categories were generated to allocate to every inhabitec
location in Liberia. This matrix is presented able5.3.
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Table5.3¢{ SG it SYSyiQa

Near Monrovia and Seaside Gah
Corridor

(Area between Monrovia and Buchanan n
sea)

Countryside Growth Corridor
(All country side areas within Growth
Corridor)

Non Growth Corridor with Economic
Potential

(Areas within: 10km of mines, plantations
and CountyCapitals, 5km of International
Cross Boarders and Dense Populated Dis

Other Areas near Main Roads
0! NBlF& Ay GKS LINREA
roads (5km proximity)

Peripheral
(Peripheral areas, outside of any of the
abovementioned)

g
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RSYFYyR Oflada YriNREO®
Dist. Capital
_ COL_mty or w_|th Small
Monrovia Capital & Services Settlement
(Capital of the  Major Cities (District Capital (Below 1000
Country) (Above 5000 Above 1000 hat hab.)
hab.) above 500 hab '
With services)
2 3 >
3 4 5
3 4 S
4 5 >
4 5 6
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Using this matrix, it was possible to classify each one of the -¢mrated settlements with one of the
six demand categories, according to its location, administrative class and #iseMonrovia is the
capital of Liberia, it isxpected to continue to have a higher level demand, and for that reason is apart
from the other settlements of the Country. The regions close to Monrovia and within the Growth
Corridors near the sea are expected to have higher electrical consumptions. 2ndas assig to all
County Capitals and major cities that fit the referred area. Paynesville, Careysburg, Bensonville, Harb:
Cotton Tree and Buchannan are a few of the locations classified with the index 2. The remaining Coun
Capitals are all categaed as 3, since they are considered to always have some degree of economit
potential as well as having a positive effect on the eihg of its inhabitants because of their
administrative status. The major cities that are outside of areas with highaom@ potential were

classified with the index 4. The District Capitals, medium settlements and small villages with access
some services located in the area between Monrovia Bndhananvere given the index 3, since they
are expected to benefit from # closeby development. However, if the communities with this
classification are located in more remote areas, their demand category is 5. All Small villages wel
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classified below the index 5. Small settlements in peripheral areas are the lowest gradied §)nsince
their development should be extremely reduced.

Objective of the definition of demand categoriedn conclusion, the definition of these demand
categories allows the differentiation of the electrical average consumptions that each inhabited poi
may have in future. Overall, settlements with higher indexes (Categories 1, 2 and 3) should have high
LISN) K2dzaSK2f R O2yadzYLliaAz2zya RdzS (2 KAIKSNI SO2y:
development. More dispersed settlements, locatéather away from larger population poles and
economic centers, were assign with lower demand indexes (Categories 4, 5 and 6). Due to lowe
development and economic potential, the average consumptions will be lower. These can be defined &
the more ruralcommunities.

A Country map with the classification of all settlements can be observed in the magwe5.5. In
Figureb.6, a graph with the distribution of population per each category demiamitesented.

As it can be observed, Category 5 as the largest portion of population, and together with categories
and 6, represent a total 55% of all population. Regarding the most urban population, with exception o
Monrovia, Category 3 has the largsstare of population with 11%.

In the next sections, this classification will be used to estimate the average consumptions for the
Residential and Institutional & Commercial sectors.
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Figureb.6 ¢ Population distribution in each demand category (2015).
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5.3 RESIDENTIAL DEMANKHROWTH AND WILLINGNETO PAY

5.3.1 POPULATIOSROWTH

Ly 2NRSNJ G2 SadlofArak oK SnitedNddgns drdwhaatef2B fojdzbdrial A 2
were once again used, now up to 2030, the target year of this study. These annual growth rates wer
applied to the previously 2015 estimated population and the results are the ones presenkeguire

5.7.
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The population of Liberia is expected to reach 5.7 million people in,2880 the urban and rural
partition is projected to be 53% and 47%, respectively. Therefore, due to higher urban growth rates
turnover in these percentages will occur and the urban population will be higher than the rural.

The population distribution peeach demand category, for the year 2030, is presenteBigure5.8.
Although the results present little differences to the ones showirigure5.6, it is clear that there has
been a migration of the population from the more rural settlements (categories 4 to 6) to the more
urban (categories 1, 2 and 3).
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Figureb5.8 ¢ Population distribution in each demandategory (2030).
5.3.2 HOUSEHOLD DEMAND IFNTES PER CATEGORY

5.3.2.1 CURRENT HOUSEHOLDMAND ESTIMATESNILINGNESS TO PAY

Introduction. In order to estimate the household demand for each one of the previously defined
categories, the 2012iberia and Energy Access: A Willingness toAPayysiseport [13], developed by

the World Bank was usedn the work made for thewillingness to PayWTB [13] report, several
surveys were made throughout the Country to enquiry about various topics like housing conditions
total household expenditures and incomes, overall energy consumption, expenditures on energy, etc
The finding on this report were firstly @sented in respect to rural and urban households outside
Monrovia (classified aRural Survey and then for Monrovia households (divided in LEC clients and
NonLEC households). This structure, namely the Rural Surveys, is compliant with the present wor
since the Rural Energy Master Plan for Liberia is focused on aMoorovia population. Also ithe
Willingness to Pay Analy43], households were divided into four income/expenditure quartiles, with
guartile 1 (Q1) beinghte lowest income and quartile 4 (Q4) being the highest. Additionally, average
results for urban and rural households are presented too.

Households Energy ExpendituregSor demand studies, the most interesting findings of the Willingness
to Pay Analysis arthe households Energy Expenditures, presentetainle5.4. These values show that

in the lowest quartile, households spend on average 5.71 USDhramd that in Quartile 4 the average
spending on electrical energy equivalent goods is 23.36 USD/month. Urban and Rural averages &
18.06USD/month and 8.9WSD/month, respectively.
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Table5.4 ¢ Energy Consumption, Expenditure and WTP: Rural SurBay Quartile[13].

Quartile 1 ‘ Quartile 2 Quartile 3 Quartile 4 Urban Rural
Spent per Spent per Spent per Spent per Spent per Spent per
Month Month Month
Electric Bulbs 0.07 0.01 0.07 1.46 0.87 0.2
DC Battery 3.32 4.82 6.05 6.58 6.17 4.76
Lamps
Kerosene 0.41 0.52 0.52 0.52 0.55 0.47
Lamp
Palm Oil Lamp| 0.26 0.15 0.12 0.04 0.03 0.19
Candles 0.49 1 0.75 11 0.99 0.77
Other Electric 0.1 0.18 0.4 11.33 7.34 1.07
Other Battery 1.08 1.2 2.1 2.33 211 1.49
TOTALS 5.71 7.88 10.02 23.36 18.06 8.94

Allocation a quartile to each categoryAnalyzing and comparing the WTE3] quartiles with the
consumption and development categories previously defined, it was possible to combine and allocat
for each category a quartile and consequently an average energy expenditure per household. Th
chosen allocation can be seenTiable5.5.

Table5.5 ¢ Monthly household energy expenditures per demand category.

PQuartile o O erg
O PUO alego Average Re S " D 5
Category 1 Monrovia (LCPDP)* -
Category 2 Quartile 4 23.36
Category 3 Urban Average 18.06
Category 4 Quartile 3 10.02
Category 5 Quartile 2 7.88
Category 6 Quartile 1 5.71

"Since this study is focused only on rural Liberia, Monrovia (Category 1) was not considered.

Correspondence between quartile and each categoategory 2 settlements should have urdie
patterns, and, due to its proximity to high developed economistelrs, higher incomes are expected.
Therefore, this category was assigned Quartile 4, the highest of the WTP Af&B]si€ategory 3
settlements are mainly urban, and therefore the urban average expenditures were assigrbd to
category. Category 4 settlements are a mix of urban and rural populations that can be in areas witl
some economic activity. Thus, for this category Quartile 3 was assigned. Categories 5 and 6 settlemet
were given with the Quartiles 2 and 1 respeetw since they should present the lower incomes, and
consequently the lower expenditures.

Electrical tariff applied.In order to convert the monthly energy expenditures in equivalent electrical
consumptions, an electrical tariff estimate was needed. The current tariff of Liberia is very high and i
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gl ayQi dzaASR F2NJ GKAa OF f Odzf I { An2w, less $xPdnsizd &nd mare A
efficient generation options come into operation (e.g. Mount Coffee Hydro) and 2) it would excessively
repress elecical consumptions. The LCP[2B] report assumes that, due to the connection Mbunt
Coffee Hydro to the electrical grid, as well as other less expensive generation optiprise drop of
about 50%is expected in the future. At the time, tariffs were around 50 USD cent/kWh, thus the
estimated future tariff was around 28SDcent/kWh. Additionally, the current cross border project
clients also pay about 23SDcent/kWh. Therefore, to estimate the residential consumptions per client,
the 25 USD cent/kWh tariff was applied to the expenditures on energy for each catéferyesults a
presented inTable5.6.

Table5.6 ¢ Household electricity consumption per demand categoigtwork Expansion Work Session, September 2015)

Category 1

Category 2 934 1100
Category 3 72.2 865
Category 4 40.1 480
Category 5 315 380
Category 6 22.8 275

In order to determine the peak load of the residential demand, the load factor for residential clients in
Liberia was set at 0.3, which represents an equivalent yearly peak utilizatioB2& Bours This value,
based on LCPOPR1] assumptions, is considered typical value for residential clients.

To validate these values, they were all presented, analyzed and discussed with RREA, LEC and MI
representatives orm Network ExpansioWork Sessioat RREA iMonrovia inSeptember 2015

5.3.2.2 HOUSEHOLD DEMAND GYRICH

Having established the estimates of household demand for each one of the six demand categorie
defined inChapter5.2.2 it is now important to estimate the demand growth for the future.

Household consumption growth.The household consumption growth was based on Niational
Electrification Master Plareport [24], developed by the Columbia University Sustainable ¢ &arth
Institute in 2013. In this study, residential demand was estimated to grow at a rate of 2.34% per yeatr
This is a common value used in this kind of studies since it represents the duplicatibwe of
O2yadzYLiAzy Ay on &@SIFENRQ GAYS® b2GS GKFG GKAaA
household consumption (e.g. due to the purchase of more electrical equipment). The actual growth o
residential demand is expected to be higher becausfe both population growth and higher
electrification rates.

The present householdesnand, based on the WTP repdit3], as well as the projected household
demand for 2030, per demand category, is presente@ahle5.7.
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Table5.7 ¢ Current and projected household demand per demand category.

0 030

ale(o " _
Category 1
Category 2 1100 1556
Category 3 865 1224
Category 4 480 679
Category 5 380 538
Category 6 275 389

5.4 SERVICES AND COMMEBAROEMAND

5.4.1 TYPES OF CLIENTS

The demand of thenstitutional and commercial services sector was divided in two types of clients:

1 Specific regional commercial and institutional services-{geated);
1 Other local services, which intend to estimate additional clients, proportional to the size of the
settlement.

5.4.2 SPECIFIC REGIONAMUEBRCIAL AND INSTIMONAL CLIENTS

One of the main collected databases was the commercial and institutional servicéscgésd clients,
gathered from RREA, EE3S andhe National Rural Electric Cooperative AssociaidRECRH These
include Health, Security and Education services (hospitals, health clinics, police stations, primary at
secondary schools, etc.) as well as some commercial and productive facilities (markets, radio station
cell phone towers, et§. A map othe total collected information is presented Kigure5.9.
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By comparingrigure5.9 with Figure5.5 it is possible to observe that there is a big concentration of
services, around the settlements classified with index 3 and above. In particular, it is possible to obsen

that almost all of these settlements have a Hospital in the vicinity or nearby.

The specific electric demands for each one of these services are presefitabl@b.8.

iKS

In particular, the health and education facilities demand were based onNaonal Electrification

Master Planreport [24] findings. The remaining consumptions are average values, based on market
evaluations on similar facilities. All of the expressed values were discussed and validated on th

Network Expansion Work Session, September.2015
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Table5.8 ¢ Geolocated regional commercial and institutional services demandietwork Expansion Work Session,

September 2015)
Demana
Clinic 2000
Health Centers 2000
County Hospital 60000
Regional Hospital 100000
Secondary School 600
University 50000
Both Primary & Secondary Schoo 1000
Office Buildings 5000
Markets 2000
Police Stations 3000
Cellphone/Radio Towers 25000
Guest Houses 5000
Courts 10000

In order to determine the peak load of the service sector demand, the load factor for commercial and
institutional clients in Liberia was set at 0.72, which represents an equivalent yearly peak utilization o
6 307 hours. This value was once again basetdl @RDF21] findings. In theNetwork Expansion Work
Session, September 2016 was also agreed that the Commercial and Public services average
consumption growth should be 3% per year.

5.4.3 OTHER LOCAL SERVICES

Despite being a rather complete set of data, the Consultant found that thdagaded database did not
meet all the commercial, productive and business services provided in each community. Also, as this is
study to project demands for the future, it reasonable to assume that the number of institutional,
commercial and small businesses clients will grow over time. So, in order to estimate these addition:
clients, another class of services demand was created, based on the [Z2PmDBthodology.

The number of the other local services, in a certain settlement, was modeled taking into account the
number of households in a community. The premise was that, in ulikarsettlements, for each 100
households, there are 0.66 adidinal commercial or institutional customers. On the other hand, in rural
villages, this number decreases and for each 100 households, there are 0.4 additional commercial
institutional customers.

The demand per clients is also different in urban andlreommunities. In urban settlements the peak
demand for these additional clients is k& and in rural villages the peak demand V8. The load
factor is the same as before, 0.72. As in fecific regional commercial and institutional clients, the
average consumption growth was set at the rate of 3% per annum.
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5.5 RURAL ENERGY DEMAMIRECAST

The previous sections presented the main assumption to determine the projections for the residential
and services demand. These assumptions can be used to detepmghminary rural demands, taking

into consideration the future electrification targets, i.e. the number of electrified people. The real
number of electrified habitants, and mainly its distribution throughout the country will only be
accomplished irfChaper 10, when the 2030 Rural Energy Vision is presented. However, in this section,
three different scenarios are presented, regarding three distinct ambitions regarding electrification
rates in the target year a Conservative Electrification Scenario thamplies with the LCPDR1]
target of 35% nationwide electrificatiéna Base Electrification Scenario that represents the latest
political ambition of a 35% rural electrification and an Aggressive Electrification Scerarassumes a
50% rural electrification rate.

In order to model the client distribution throughout the country, the categories defined in
Chapter5.2.2.4 were used. Basically, a target rate was given for each one of the demand categories, i
order to reach the global electrification rate of the three scenarios. These are preseriatle5.9.

Table5.9 ¢ Estimated electrification rates in 2030 for each category.

Category Consg_rvat_ive Bfa_se _ Aggr_e_ssi\_/e

Electrification Electrification Electrification
Category 1 70% 70% 70%
Category 2 50% 70% 70%
Category 3 30% 70% 70%
Category 4 15% 45% 70%
Category 5 10% 25% 45%
Category 6 5% 5% 20%

" LCPDP target for Monrovia

As stated, in the Conservative Electrification Scenario, a nationsierification of 35% was selected.
In terms of rural electrification this implies a 17% target of all-Mwnrovia population in 2030, which
represents slightly more than 1280 residential kkents or 630000 electrified people.

The 35% rural electrifadion target objective of the Base Electrificati@tenario implies more than
260000 electrified households 2030, benefiting more than 300000 people.

Finally, the Aggressive Electrification Scenario has a 50% target for rural poputagdianing alnost
370000 residential clients and900000 electrified people in 2030.

The estimated projections results for each one of the electrification scenarios is presented in the nex
figures(Figure5.10and Figure5.11).

* Note that in LCPD21], there is a 70% electrification target for Monrovia. Hence, the remaining electrified people are locaieal settlements, outside
Monrovia.
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Figure5.10 ¢ Energy consumption projections for rural Liberia.
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Figure5.11 ¢ Peak demand projections for rural Liberia.

From the previous figures it can be observed that in 2030 the expected energy consuifigptiomal
communities is between 380 GWh and 590 GWh and that the rural peak demand is in the range
89 MW to 164 MW, implying high mean annual growth rates:

1 Conservative Scenario: 25% per year
1 Base Scenario: 27.7% per year
1 Aggressive: 28.8% per year

It can be seen that even the conservative scenario has an extremely high consumption growth with
25% rate. However, it should be noticed that these values are due to the extremely low electric gric
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coverage currently observed in Liberia. The annual elestion growth rate and consequently the
consumption growth are expected to slow down as more people are connected over the years.

Particularizing for thebase case scenario, since it represents the political ambitions for rural
electrification, Figure5.12 and Figure5.13 present the energy and peak demands for 2030, divided by
residential and services sectors, for each one of the five rural demand categories.
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By observing the previougraphs it can be noticed that in Category 3 expected consumption is the
highest, although having smaller per capita consumptions that in the ones observed in Category 2. Tr
is due to the higher number of clients enclosed in category. The more rurajarade have lower
electrification rates, thus it is natural to see lower total consumptions in these classes.

We remind that these results are only preliminary since the actual distribution of electrified population
throughout the country and consequentig each category is only be accomplished in the findings of
Chapterl10where the 2030 Rural Energy Vision and targets is presented. However, this estimates offe
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a good starting point to evaluate the potential demand as well as potential clients the futurersyste
may have to benefit.

5.6 REVIEW OF LEAST COSVYELOPMENT PLAN MWD PROJECTIONS

5.6.1 INITIAL CONSIDERAN®

The LCPDR1] main objective was to develop a least cost generation plan for Liberia. To do so, it
accomplished a nationwide demand projection up to 2033, which took several other demand forecas
studies for Liberia into consideration. Since it is a fairly recent samdlyconsidering that it was based

on other consolidated demand studies of Liberia, the LORDRvas used as one of the sources of the
present work.

In this section, a quick review of the LCHRER assumptions and results is performed. Note that some
of these assumptions were already mentioned in the previous sections.

The LCPD[R1] considers three scenarios (base, low and high demand), forecasting the peak and energ
demands, among others, by demand sector and by region.

The consumer sectors considered in the study were:

1 Residential sectog corresponding to household demand

1 Commecial and public entitie€ which includes public facilities such as hospitals and police
stations

1 Industrial sector (Monrovia) such as the manufacturing or food processing indystry

1 Other demandc¢ mainly street lighting, but also post offices, churchesll towers, among
others

Regional demand was separated as follows:

1 Greater Monrovia¢ Monrovia and its surroundings, the only area where there are existing
connections

1 Other ongrid ¢ areas where grid expansion plans include the connection to the mad
including corridor projects and the CLSG transmission interconnection

1 Off-grid demand ¢ urban and rural ofgrid electrification, also considering cressrder
connection projects with no intended connection to the main grid.

Apart from the categods above, an additional region was considered to take into account the industrial
demand outside Monrovia. Basically, this region does not have demand from the consumer sector
above, but only considers the forecasted demand from the industrial sectorideutdonrovia, that
includes mining, agriculture and forestry demand. The LJRPQMroposed two scenarios from the
forecasted demand, to take into account different growths in the mining demaisécured mining
demand and ramp-up mining demand.
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5.6.2 DEMAND REGIONS ANCEBIARIOS ASSUMEDR.Q\DP

Greater Monrovia

In Greater Monrovia, the average household annual eleitgy consumption was set d&300kWh and is
expected to increase 1.5% per year until 2016 and after 2020. Between 2016 and 2020, electricit
consumption is expected to grow even more, due to the expected connection of the Mt. Coffee
hydropower plant and consequent ofiene reduction of he electricity tariff. An average electricity
consumption of 800 kWh was applied to new connections, with a growth rate of 3% during 5 years an
1.5% from then on. Regarding the commercial and public sector, it considers the existence of 0.6
commercial ad public customers per 100 households, with the connection rate growing 10% per year
until it reaches 75%, and for whom the electricity consumption is modelled similarly to households.
There is also demand from other sources, such as street lighting, freddelline with the World Bank
study[13].

Other on-grid

The methodology for other ogrid demand is similar to the one applied for Greater Monrovia.
Geographical distinctions were made according to the areas affected by tHePV&Ad the corridor
project extending the Monrovian grid. Furthermore, specific urban electricity consumption has also
been set at 800 kWh for urban areas, due to similar characteristics exhibited as in the case of new
connected Monrovian users, and 2kBvh for all rural areas, indistinctive of their location. In terms of
other ongrid demand, the increase in electricity consumption rate is set at 3% for reasons similar tc
newly connected Monrovian consumers, until it reaches saturation. Commercial dnt glemand
behaves in the same way as in Greater Monrovia, but with only 0.4 entities for 100 households in rure
settlements. There is also demand from other sources, such as street lighting, modelled in line with th
World Bank study25].

Off-grid

The model used to forecast urban and rural-giffd demand is basically the same as the one used to
model other ongrid demand for rural areas. The only difference is the assumption that commercial
peak demand and average householthsumption are lower than in egrid casesAverage household
consumption is estimated at 216 kWh with a 3% growth rate until saturation, because electricity
consumption in offgrid areas is generally lower due to lower income and, therefore, a reduméty &

buy electric appliances. Commercial and public consumers are expected to have a peak demand of ot
10 kW in the base year, considering 0.66 commercial and public entities for every 100 households
urban areas and 0.4 in rural areas. Other dechas estimated as previously. Furthermore, areas
affected by the crosborder electrification projects have been treated separately. The areas affected
were identified through the 2011 World Bank load forecast and the population numbers were
calculated baed on the 2008 census.

Low-growth and highgrowth scenarios
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The assumptions above are the ones used in LPDRor the base scenario. As previously stated, the
study also analyzed a low demand and a high demand scenari@sponding to a slow and high
growth, respectively. The slow growth scenario considers the average energy consumption to be 20!
less than expected in the base scenario, and the connection rates 15% less. The high growth scena
considers a 10% increabeth in the average energy consumption and in the connection rates.

Mining demand scenarios

Other types of demand include the néonrovian industrial sector, particularly the mining sector,
agriculture and forestry. The demand forecast of the mining se@ohighly dependent on the
materialization of current plans, and so two scenarios were considered to categorize the potentia
impact of the mining demand.

1 Secured mining demand, which is highly probable and assumes a mining demand which has be
clearlydefined by the various mining corporations and can be seen as a high certainty scenaric
that does not assme that rampup will take place;

1 Potential longterm demand, resulting from a significant mining ra:unp.

5.6.3 RESULTS

DAGSY (KS | &a dzY LJf2A] 2eyults fdr ine?tl¥é Scerjarios Brtbeltd Liberian electricity
consumption and peak load demand in 2030 wereligplayed irFigure5.14 andFigure5.15:
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Figure5.14 - Electricity demand in 2030 (GWh)
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Figure5.15 ¢ Peak load demand in 2030 (MW)

All the results above consider the secured mining scenario, as it is highly probable. As expected, dema
in the area of Grear Monrovia is what influences total demand the most.

In conclusion, the LCPIPL] study accomplished the demand studies with the main purpose to obtain
projection of the global electrical needs as a whole. However, in tefmsral demand, theConsultant

feels that these projections do not have the required detail and differentiation needed to correctly
guantify and distribute the rural needs throughout the country, thus taking it to a further level.
Nevertheless, the LCPIP®L] study presented itself as a good basis for the present studies, with sound
and validated hypothesis, which in some cases were replicated in the current Rural Energy Master Pl
demand studies.

In the next section, in ordeo deliver a nationwide vision of Liberia future demand, the estimated rural
demands presented in the previous section and the Monrovia and Industrial demands discussed in th
section are aggregated and shown.

5.7 INTEGRATED LIBERODMWHER DEMAND FORECHASTIL 2030

In this Section, a nationwide projection of the electric power demand is presented. To do so, the rura
energy demand forecasts presented @hapter5.5 are integrated with the Monrovia and Industry
sector demand projections of the LCPDP st[#ly]. To be more specific the each scenario defined in

Chapter5.5 will be aggregated with one Scenario of the LCPIP The correspondece is inTable
5.10:

Table5.10 ¢ Correspondence between Rural energy master plan scenarios and LCPDP scenarios.

Rural Energy Master Plan for Liberia Scena Least Cost Development Plan Scenario (only
(only Rural demand) Monrovia and Industrial Sector demand)
Conservative Electrification Scenario Slow Sensitivity Scenario
Base Electrification Scenario Base Sensitivity Scenario |
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| Aggressive Scenario HighSensitivity Scenario |

The aggregated results are depicted in the following figufegure 5.16 and Figure 5.17) for the
Conservative, Base and Aggressive electrification scenarios.
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Figure5.16 ¢ Integrated Liberia energy consumption projection
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Figureb.17 ¢ Integrated Liberia peak demand projection.

Figureb5.18illustrates the results for @30 for each scenario, but now differentiating the rural demand
from the consumptions of Monrovia and the Industrial sector.
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Figure5.18 ¢ 2030 Integrated Liberia energy demand projection differentiated between sectors.

These projections show that the rural demand is expected to be about a ¥ of total consumption in a
scenarios. However it can be seen that as the scenarios become marssigg, the percentage of
rural consumption gets even higher. This denotes that in these scenarios the rural consumption grows
bit more than the other sectors, since more people and services are consuming electricity.

Figure5.19 shows the results considering the peak demand.
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Figure5.19 ¢ 2030 integrated Liberia peak demand projection differentiated between sectors.
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6 SUPPLY OPTIONS ANBSRURCES

6.1 GRID: REVIEW OF LEA®ST DEVELOPMENANPSUPPLY
PERSPECTIVES

Building on the topics addressed @Ghapter5.6, this sectionis a review of the least cost development
plan supply perspectives, based on the same documeDiD21]

Crossd 2 NRSNJ ' yR O2NNAR2NJ LINP2SOGa I N5 ZhHe 2758V QSG A
line, which crosses the most populated areas in Liberia, is also near most of the main big hydropowe
sites (Manu River, Mt. Coffeand St John Riverand some big mining areas. Therefore, the CLSG line
can be used as a backbone of the national grid, including the option to import or export electricity from
or to neighboring countries. Alongside the CLSG project, there are three corridor projects amhich
important transmission/sukiransmission projects for expansion of the system and for the electrification
of households across the country (Kerridor, Kakatacorridor and RIA corridor).

Investment reduction and power centralization are some of theahtages in using crogsorder and
corridor projects. The use of the CLSG line as a backbone also reduces additional investment in
country-wide highvoltage grid, which is necessary in the long term for adost, reliable power supply
system. Also, thecurrent routing of the CLSG line, which also touches the cities of Monrovia and
Buchanan, both of which have basic harbor facilities, allows centralized power generation systems
these locations based on imported fuels. The main advantage of thistithdhaumber of power plant
locations can be minimized. A second advantage of concentrated power generation is that fue
transport can be minimized in Liberia, since, at present, the infrastructure is not in a good condition ir
all areas of the country. ially, operation and maintenance of the grid can also be more easily managed
and organized than in the case of power generation and fuel supply all over the country.

The main objective of the grid development plant is to meet the forecasted peakgoid demand plus

10% reserve each yeaBupply options will be chosen based on their levelized unit cost (LUC), so that
the lowest cost options are selected first, which is determined by the-tangmarginal costs (LRMC).

[ / t 5[21gdid development plan considers that the CLSG line will be used as a backbone for th
transmission of power from the supply centers, which will be located at coastal areas and at majo
hydropower plant sites. It also takes into consideration that cotioes near the CLSG line, as well as
the ones in the regions of the three ongoing corridor projects-@gdieidor, Kakatacorridor and RIA
corridor), will be ongrid connections. Other assumptions for the grid development plan were an 8%
discount rate, a % yearly fuel price increase, that no single pegenerating unit should exceed
10-15% of the total grid capacity and that the capacity considered is the firm capacity (instead of the
installed capacity). Finally, the demand considered excludes the nigfin@am mines.

The Levelized Unit Costd the grid expansion candidates range from 5 USD cent/kWh, in Mt. Coffee,
to 35.5 USD cent/kWh, in a reciprocating higipeed diesel engine of 1 MWIlhe calculation of the
Levelized Unit Costs allows the comparison between different power generation options, according t
cost/benefit criteria.Figure6.1 below represents the estimated LUC in the LCRRRlocument.
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Figure6.1 ¢ Levelized Unit Costs

As can be seen from the figure above, thermal options are, in general, less competitive in terms of co:
efficiency than hydropower options. However, céiaéd power plants may become relevant in the later
stages of the planning period.

Base case resultsiclude reciprocatingHeavyFuel Oil HFQ power plants and hydropower plants,

and aUSD1567M investment. In the short term, HF@ueled plants appear to be one of the most
ddzZA G0t S 2LIA2ya T2N) [ A0SNAI Q& LI ¢S nlatikl @Heapd A -
(compared with current higlspeed diesel plants), but this type of energy production has also been
handled before by LEC. Hydropower, on the other hand, might remain confined to the role of a fue
saver at an early stage, since Mt. Coffesn provide only a very limited amount of firm capacity.
However, if reservoir addition appears feasible, hydropower turns into a firm energy option. In addition
to cheap energy production, hydropower has the advantage of long plant lifespans, and ai$ isuch
suggested in the LCP[]to have hydropower solutions as soon as possible (in this case, this happens
after 2022) Figure6.2 andTable6.16 St 2 4 NI LING21]oyest cst sblEianQ &
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Figure6.2 ¢ Least cost supply options
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Table6.1 - Detailed least cost supply options

Expansion Plan (Base Case) in firm capacity (MW) Installed

2015| 2016 2017 2018 2019 2021 2022 2026 2033 C(zla\;)\?vc)ity
HFO at Bushrod Island 48 48
Mt. Coffee 10 66
HFO plant 20 20
HFO plant 20 20
Decommissioning of existing HS[ -23 -23
HFO plant 20 20
HFO plant 20 20
Mt. Coffee + Via Reservoir 59 88
SR1B 97 120
SP2 147 214
Total 48 58 78 98| 118| 138| 197 | 294 | 441 593

Generation through hydropower plants reduces the system costydropower plants have the lowest
marginal costs, and are therefore the first in merit order for the dispatch of electricity. If the demand
can be entirely satisfied #i hydropower, then there is no need of operating thermal power plants,
decreasing the system costs. Until 2022, and especially during the dry season, more thermal powe
L Fyda NS ySSRSR Ay 2NRSNJ G2 02 YLISyteh dosts. The NJ
LCPD21] document states that afte6t. Paul River 1B Hydropower PIg®R{B) becomes operational

in 2026, system costs will round AJBDcent/kWh, when all demand can be satisfied by hydro

generation only.

| @RNRLI2GSNI LI IFyda KFEZS GKS LRAGSydAl fAs vim outined A 3
before, the fuel costs of the thermal power options to be installed in the base scenario will weigh
KSI@gAfte 2y [AO0SNAI Qa ¥ Ahéldgmartsl in @028 ZIBIVH) ghd adding Q@™
losses and subtracting the annual power generation of Mount Coffee, this results B\&®B6per year
that has to be covered by HFO thermal plants. The HFO thermal piarttsn, would consume some
13835 tons offuel. The annual fuel costs will then be approximaledlyD87M, which has the potential
to easily double if fuel price volatilities are extreme. Hydropower generation, as well as biomass powe
LI Fydazx gAftf KSf LI G§KS NBdedmpiueldntes2rm ajailldlig.NA | Q& ¢

A sensitivity analysis was also performed, concerning the potential variability of the demand, fuel
prices, discount rate, investment costs, as well as the robustness of hydropower investment costs and
the possibilityof importing energy[ / t 5t Q d21]\NBré adzfollpws:

1 If the demand is lower than expected, the main alteration is thatPaul River 2 Hydropower
Plant SR2), as well as 20 MW in HFO, will not be needed. Consequémilystment costs
decrease by more than 40%. Also;1&is oty added to the system in 2030;
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1 On the other hand, for the high demand scenario;18Pand SR are added earlier and an
additional 20 MW in HFO generation is needed. System costs increaseeaimyéistment is
1.1% more comparing to the base scenario

1 Considering that fuel prices only increase according to the inflation rate, system costs
decrease by approximately 5%, but there are no changes in the generation pgrtfolio

1 If fuel prices have a régrice increase of 5%, although there are no changes in the
generation portfolio, thagh system costs increase by 9%;

1 The variation of the discount rate influences system costs. The higher the discount rate is
the higher are the hydropower costs and thasare the system costs

1 The generation portfolio remains unchanged if the investment costs increase by 10%.
However, systengosts in this scenario increase;

1 Concerning the robustness of hydropower investment costs, the LCDPD document state
that even ifthe costs of hydropower were to triple, it would still be cheaper than the
cheapest HF@ired power plant;

1 When considering the possibility of importing energy through the CLSG line, the imported
energy essentially replaces 50 MW in HFO generation aféecatnpletion. Thus, system
costs fall to the lowest of all scenarios and investment costs decrease approximately 4%.

As desribed previously in Chapteb.6, mining demand has significant impact on future demand, and
thus impacts on the grid expansion plais such, the supply alternatives for the same two scenarios
which include demand from thining sector were included, as well as a third scenario:

1 For the first scenario, secured mining demand, mining supply only becomes feasible after chea
hydropower is available. Before that, the installation of HFO plants would be too expensive ta
support. CdzNII K SN 2NB = (KS SELI yarzy LX LYy AyOf dzR
plant. This scenario appears to be feasible in some respect, as excess power from hydropowe
plants can be distributed to the mines, although the total investment wouldesse to
USDL 767V,

1 Regarding the second scenario, raonp mining demand, similar conclusions apply, as mines
supply is only sustainable after the development of cheap hydropower. Additionally, three
100MW coatfired power plants would be needed, withdhlr development between 2026 and
2029. Despite the fact that the total investment would gréatincrease, amounting to
USD2 682M, coalfired power plants are relatively cheap, especially when compared to HFO
power plants;

1 The third scenario takes into amnt that the mines will probably develop their own generation
portfolio. The LCPDR1] document states this does not have a positive financial impact in the
grid expansion plan, since the mining companies will most likedyHIsXired power plants,
which are the most expensive options for LEC.

The investment costs for the different scenarios range frad8D875M to USD2 682M. Figure 6.3
below summarizes the investment costs and installed capacities for each scenario. It is important t
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state that the investment requirements are only approximate, due to the uncertainty araétactors,
especially with regard to hydropower. On the other hand, investment requirements for HFO power
plants are somewhat predictable. However, additional factors such as transportation and storage
infrastructure might influence the final investmeoost.

3500 1200

1013

3000 1000
800
665
2000 613 593 573
o 600
1500
359 400
100
" I ’
0 0

Mining Ramp- Mining High Demand Base Scenario Import Case Low Demand
Up Secured

M
%]
o
o

Investment (MUSD)

(]
Installed Capacity (MW)

]

s Investment (million USD) —e— Installed Capacity (MW)

Figure6.3 - Investment and Installed Capacity for the different scenarios

To sum up, LCPDOR1] recommends that the grid generation should come primarily frorQfired
power plants, until hydropower plants are available. y § Af (KS I RRAGA2Y 2F a
2022, Mt. Coffee will only serve as a fgaler, with its limited firm capacity. The LCHPR document
states that apart from hydropower, other renewables will not play a significant role on the expansion of
the grid due to their high investment costs, although this situation might change in the future. Also,
biomass is not considered a suitable alternative dagridconnected power supply, as the resource is
spread out across the country, and gadnnected power plants would be competition for its use in
cooking or as a source of fuel for other appliances. Regarding mining demand, it is possible to say th
to take it into consideration implies hydropower should be rapidly developed and potentially coal fired
power plants. However, even in the base case, excess hydropower can be distributed to generat
additional income streams, contributing to an overall retilmc of power generation costs. Apart from
this, the LCPDR1] reinforces the importance of capacityuilding, as the increasing complexity of the
power system, with different types of power plants, will require an increds@eskills and capabilities

2T [9/Qa alGl¥To

6.2 EXISTING AND PLANNEBEFGRID ELECTRIFICATRROJECTS

Increasing access to electricity all over Liberia, especially in rural areas, has been one of the me
objectives of Liberian government, since it accele@da G KS O2dzy i NE Qa NBO2yY 3
revitalization. To help achieving this objective, RREA has been studying and developing different rur

— Gesto 92

LR.2016R.0013



RURAL ENERGYRATEGY ANIASTER PLAN FOR LIBERIAL 2030

TECHNICAL REPORT

generation alternatives for Liberia, including solar, hydro, biomass projects, as it can be $égurén
6.4, where existing and egoing rural electrification projects are presented.
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Figure6.4 ¢ Existing and orgoingrural electrification projects.

Before the war, only two small hydisites had been developed: Firestone Plantation with 4 MW of
installed capacity is still in operation, providing electricity to Firestone rubber plantationseveral

other villages near Harbel, and a K&/ micrehydro in Yandahun in Bong County, which was destroyed
during the war. The Yandahun midgngdro, implemented by RREA and financed by the World Bank,
involved the rehabilitation of 6&W to serve 240 howholds and was commissioned in May 2013. It is
0KS O2dzy i NB Q owrkdiphdeiisys@a.Y Y dzy A G &

Nowadays, several micro and mini hydro projects are being studied to ensure its feasibility and sele
the ones which can be assumed as an alternative to reledtrification. A brief description of these

projects is presented next.
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Micro-hydro projects:

f wW20SNI aLR2NIzZ t20FGSR ySFENI {G W2KyQa YAaaa
small creek, vth 70 kW of expected capacif26];

1 Bopolu. Located in near village Bopolu in Gbopolu County on Marvo creek (Mahe Rive
basin), with 90kW of expected capad®b|;

1 Wayavah falls located in the Salayea District, Lofa County. The hydropower plant will havi
15kW of installed capacity (but can be enlarged for 120 kW). This project is developed by
USAID and is currently on hold for financing reag@f$

Mini-hydro projects:

1 Kaiha, located in Lofa County, with an expected capaeityween 1 to IVMW.

T 221 A Aa t20F0SR +d 221 A @GAttr3aAS Ay %2NJ 2N
tributary of St. Paul River. The project has an expected capacity of 1.[28]W

1 Ya Creek, located near villag@dplay in Nimba County, on Ya creek with 450 KW of
expected capacitj26];

1 Mein River, located in Suakoko District, Bong County, with an expected capacity of 1 MW
will electrify 500 households and 250 commercial consumers. Tdjeqt will be financed by
USAID and will cost aroundSD5.8M. At present, however, development is on hold due to
uncetainties of financing16J;

1 St John, with 20MW of capacity, located in John River, Gampa water falls, &li@dunty.

The project is financed by UNIDO and has an expected cd$&DBR6M. The project will
electrify Ganta city, Sanniquellie town, Zuluyee town, Gbedein village, Kap&ntdh
village. At present, project is on hold due to lack of capacity in eguot implement the
project[27];

1 River Gee, located in River Gee County, 55 km from Fish Town.

1 Gbedin falls, with an expected capacity between 5 toMW, is located in St John river, in
Nimba County. This project is located an international part of St John river and its
construction will require accordandeetween Liberia and Guind2a8].

PV based rural electrification projects are also being studied and/or implemented. Accordihg to
Scalingup Renewables Energy Progra®REH 3], the five PV projects with more relevance are:

1 Liberia Energy Assistance Program (LEAP): PV installation in 19 schools, clinics and pul
buildings, financed by USAID. Installation is already completed.

1 Renevable energy for health care facilities: PV installation in 205 public health facilities with
support from RREA and implemented by Meilon-Governmental OrganizatiorNGQ.
Project financed by EU (75%) and Ministry of Health (25%). Project will be ienikon
countrywideand has an expected cost 05D2M.

1 PV installation in public buildings, in Lofa County, financed by EU.
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1 LESSP Urban: PV installation to be implemented under LESSP project, financed by USAID
with an expected cost dJSD2.7M. The progct will be implemented in Bushrod and has 1
MW of installed capacity.

1 Lighting Lives in Liberia: Market development for eef$é¢ctive distribution of solar lanterns
through private retailers, financed by WB and with an expected cosiSi?1.45V. 120000
solar lanterns will be distributed nationwide.

Regarding to biomass projects, LESSP cosplétree feasibility studiefl6]:

w op 12 {2NIdzvyol .A2YlI&da tNRB2SOGY 20 GSF
combustion ofCrude Palm Oil (CPO) in an internal combustion engine to generate power.
Technical issues still need to be resolved, as CPO has the potential of gumming up a tradition
dieselfired engine. LESSP is looking at two options: (1) pretreatment of CPO;)amsk(2f a
Listertype engine. The bidding process has been delayed due to this issue.

w Hnn 12 [/202L) . A2Ylaa tNepa2SOdy 20 G4SR A
(LIBCO) was recruited as a private sector partner for the Cocopa biomassholaeter, the
organization has formally withdrawn support, most likely, due to an inability to rais&/8ig&dlM

in private sector capital required. The project is financially infeasible without LIBCO support.

w cn 12 YBSYRAY . A2YIl E@LountNR BSDhistitute ffo? B CoSopa A
project and can be completed with current funds.

6.3 MINI-GRID THERMAL SUPRLYERNATIVES (DIESED BIOMASS)

6.3.1 DIESEL GENERATIOKISTICS AND ECONOMIC

Diesel gensetOne of the alternatives for mirgrid supply igliesel generation. A diesel generator is the
combination of a reciprocating diesel engine with an electric generattire diesel engine provides
mechanical energy, which is converted into electricity by the generator. Similarly to the already existing
units in Liberia, the most common type of fuel for sreadhle power geeration is HSDFor even
smallerscale generation, including home systems, gasoline is commonly used, although this will not b
analyzed, as the minimum installed capacity considered rsefekW.

Advantages.One of the biggest advantages of this type of generation is its easy installation and
Operation& Maintenance Q&M), especially when compared to stedpnased power plants.
Additionally, diesel generation is predictable and rapidly atspable, useful for balancing the
intermittent production of renewable energy sources, and as there are modules of nearly any size
available, it is possible to have a power plant consisting of several units, depending on the load deman
Finally, its lonCapital ExpendituresCAPEXmakes diesel generation an attractive shtetm option.
Concerning Liberia, it may be added that there is already some experience with this type of technology
as it was and is operated by LEC and by several other privateenti
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DisadvantagesDespite these advantages, diesel engines require fuel to operate. Considering the higl
costs of diesel itself and the costs of transport and storage, it is possible to say that diesel generatio
has high running costs, aggravated by flact that continuous use of diesel engines severely shortens
its lifespan to 34 years (assuming 280 hours). Moreover, the availability of fuel is a major concern,
especially in rural areas of developing countries. These two factors have been anpiolilee past for
Liberia, and it is only advisable to install this type of system where a reliable fuel supply can b
guaranteed and where customers have the necessary financial means to supports its operation cost
Apart from this, diesel generation ggms are noisy and polluting, having a direct impact on users,
especially when the generators are located next to the house.

Considerations.Some possible solutions have been analyzed, and the specific cost of each solutio
strongly depends on its rated p@r: lower rated powers have higher specific costs. However, it is
important to state that a correct sizing of the power generation unit is of the utmost importance, since
specific consumption, and therefore specific costs, increase when the engineaperating at full load
(considering the alternatives ifiable6.2, the increase can reach almost 20%). Also, operating a diesel
engine in nomated corditions may shorten its lifespan, especially when overloading the engine.
Considering this, a demand assessment is needed before sizing the generation system, in order
optimize its composition.Table 6.2 provides some examples of possikddternatives, considering
0.94USDI/L as the diesel pri¢@]. The analyzed alternatives have specific operation costs ranging f
0.283USD/kWh to 0.382 UBkKWh, working at full load. It is important to notice that these costs only
consider fuel consumption, therefore the global specific cost is higher, due to factors such as the
investment in equipment and maintenance, personrgid O&M and other costs. Moreover, fuel prices
will vary depending on the location, thus the fuel price needs to be assessed when a specific location
being studied.
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Table6.2 - Diesel generation alterngves[29].

S — c1.1 C15 C2.2 C2.2 C3.3 C3.3 C4.4 C4.4
[DE9.5E3] [DE13.5E3| [DE18E3] [DE22E3] [DE33E0] [DE50EQ] [DES5E0] [DE6G5EQ]
Rated power (kW) 6.8| 10| 13.2| 16| 24] 36| 40| 48
Frequency (Hz) 50
Voltage (V) 400/230
Fuel Diesel
Fuel tank (L) 62 62 66 66 161 219 219 219
% 110% Load* 2.9 4.0 4.8 5.9 7.7 11.7 12.7 14.9
% = 100% Load 2.6 3.7 4.4 5.3 7.0 10.5 11.5 13.6
S 2 75% Load 2.0 2.8 3.4 3.9 5.2 7.8 8.7 10.2
g 50 Load 15 2.0 2.6 2.9 3.8 55 6.2 7.1
< 110% Load” 0.388 0364 0331 0335 0202] 0205 0289  0.282
% %g 100% Load 0.382 0.370 0.333 0.331 0.292 0.292 0.288 0.283
2 % 2 | 75% Load 0.392 0.373 0.343 0.325 0.289 0.289 0.290 0.283
U 5‘1’? Load 0.441 0.400 0.394 0.363 0.317 0.306 0.310 0.296
S
g g('jat é\o 0.359 0.348 0.313 0.311 0.274 0.274 0.271 0.266
S
5058

No. of Cylinders/Alignment 3/InLine| 3/InLine | 4/InLine| 4/InLine| 3/InLine| 3/InLine| 3/InLine| 3/InLine

Cycle 4 Stroke

*use a max of 1 hour in 12 and cannot exceed 25 hours per year

Fuel Distribution

Limitations. Nowadays, Liberia has serious issues and limitations regarding fuel distribution outside o
Greater Monrovia. The major barriers in diesel distributienon the lack of accessibilitynamely the
deficiency of the communication routes that allow the passage of oil trucks to the rest of the country.

TOTAL, one of the major fuel retailers in Liberia, revealed that they had 30 stations scattered in nin
counties. However, despite covering 60% of the country, during the rainy season distribution to the
countryside is often interrupted due to road flooding.

Diesel cost varies with the distanc®uring the Beliefs Audit performed in all counties and presented in
Chapter4, in the month of September of 2015, a diesel cost assessment wamped and the findings
confirmed that the prices of diesel were higher the further away from Monrovia and from the main
national roadsFigure6.5.
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Figure6.5 ¢ Observed diesel prices during the Beliefs Audit (October/November 2015).

The base price in Monrovia was, at the time of the sfianaires, 265 LD/gallon (or 0.T83/L), being
the lowest diesel cost in the country. However, in Maryland and Grand Kru counties the prices wer:
almost the doubleeaching 450 LD/gallon (or 1.288J/L).

A 5% increase per 100 km was consider8thce 1jhere are currently several plans to rehabilitate and
improve the national transportation network and 2) it is expected that the base diesel price (cost of
diesel in Monrovia) rises in the future, the retrieved information in the Beliefs Audit questi@nai
should not be used to assess the future diesel cost distribution throughout the country. To consider the
distribution costs of diesel, a cost/distance proxy was used. Basically, to determine the price of diest
fuel in the future, a 5% cost increase fmach 100 km distance from Monrovia (fuel import point) was
used. InFigure6.6, the results of this assumption are presented.
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Figure6.6 ¢ Diesel fuel costs considered for the future.

The considered future diesel base cost was 3B0Gallon (or 1UPJ/L). So, each 10km stripe,
presented in the previous figure, has a different diesel cost. For examigiegldorice in Monrovia is
1USIL, and in the most northern and eastern regions of the country ¢bst should be 20% higher
(1.2UDIL).

Diesel cost.Considering the differentiated diesel costs and several diesel generation technical anc
economic assumns’, the Diesel Levelized Cost of Energy for each one of the county capitals was
determined as an example, and the obtained results are presentddble 6.3. Note that these results

are only intended to verify the influence of fuel cost in the costs of energy of diesel gensets. Therefore
demand is considered to be the same for each location.

® CAPEX: 250 USD/KW +25% Inst. Cost, Generator lifetiezrs, Fuel Consumption (50% Load) 0.35 I/kwWh, Estimated future Diesel Cost in Monrovia:
350%L/Gallon (or USD/l), WACC = 5%
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Table 6.3 ¢ Diesel Levelized Costs of Energy considering the diesel fuel cost in each County Capital and Monrovia.

City Levelized Cost of Energy

Monrovia, Bensonvilld&Kakata Tubmanburg and Robertsport ~380 UB/MWh
Buchanan, Gbarnga, Bopolu and Cestos City ~395 UB/MWh
Sanniquellie and Greenville ~415 UB/MWh
Voinjama, Zwedru, Fish Town and Barclayville ~430 US/MWh
Harper ~450UD/MWh

As expected, the costs of energy rise the further apart a city iséranS O2 dzy 1 NB Q& F dzSt

6.3.2 BIOMASS POTENTIALSESSMENT

Advantages and disadvantages ofdmass.Biomass sources include forestry products and residues,
agricultural crops and residues, manure and waste residues. On the one hand, biomeassewale,
widely available, low carbon and leswost fuel, which may help in dealing with waste or other residues
and that can be produced domestically or in small scale, thus a potential source of energy fgrichini

or standalone systems. The fact that bionsagenerates energy through fuel implies storage is much
cheaper and easier than energy sources that need batteries. On the other hand, it is energy intensive |
produce, is usually expensive to transport (as it has low energy density), may require exiesesiof

land and can be seen as competition for the food production industry. Biomass is already extensive
used in Liberia as a source of cooking fuel, and also to provide heat and light.

Forest resources] A0 SNA I Qa F2NBada | NB ecandmy bécBuseitiey prokideLJ?
employment in the rural areas, fuel sources (charcoal and firewood), and export products (logs an
timber). With forest resources covering about 5.7 million hectares, Liberia has 11 National Forest
(under very limited pragction) and two legally protected areas. Forest resources have been
mismanaged in the past, resulting in United Nations Security Council sanctions on timber exports
between 2003 and 2006, when it was lifted after the new Liberian National Forestry Riedevm/ood,
especially charcoal and firewood, has already a high demand, since it is useeeiffittemcy traditional
ovens and cook stoves. Consequently, it is important to properly manage these resources, so as to avc
environmental impacts such as deéstation and loss of biodiversity from excessive logging. Although
only few contracts are still effective, forest residues from logging or wmodessing activities can be
used to generate heat, electricity and liquid or solid fuels. This generatioenpat will increase after
logging concessions resume operationsd a study has estimated that 28 GWh per year of
electricity could be availablg80]. It should be noted that, also in other countries, byproducts from
wood harvesting and timber processes are used only in close connection with the source of these
products, because transport is expensive and the enspgcific transport costs are very high,
especially for Liberia in the present situation, since the transpdrastructure and the quality of the
transport infrastructure is very poor. For forestry byproducts during the harvesting process, it must alsc
be examined whether it is necessary to leave them in the forest to fertilize the forest.
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Agricultural resource. ! INA Odzf G dzZNS A& GKS ol Olo2yS 2F [ 7
employment for more than 70% of the workforce (mostly in rural areas) and contributing an estimated
53%to the gross domestic produah 2006. Liberia has climate and terrain condisorery favorable for
agricultural development, with an estimated 3.7 million hectares of arable land. Agricultural resources
may be divided in three categories:

1 Food crop residues residues and byproducts that remain after these crops are harvested and
processed, such as stalks, straw, husks and shells, from rice, cassava, sweet potato, maize &
other types of food crops, have an estimated energy content equivalent to 188 GWh of
electricity per yeaf30]. Despite this, muchdf A 6 SNA I Qa4 LINPRdzOGA2Y A&
selfconsumption or local markets. The lack of lasgale food crops production, and their
dispersion, increases collection and transportation costs, which would restrain the use of these
residues for entralized electricity generation. However, even if feadp production were to
increase, it would most likely be used to secure food supply and not as a biomass resource
Moreover, many crop residues and byproducts are seasonal and become availablenai at
the same time of the year. Therefore, treatment and storage facilities will be required if they are
to be made available as a bpower feedstock throughout the year.

91 Cash crop residuesmainly rubber, but also oil palm, cacao and coffee plaotes. Liberia is the
third biggest African producer of natural latex, having lasgale rubber plantations, making this
its most important cash crop. This type of plantation generates considerable amounts of wood
residues from pruning and replanting adti®s, as tree trunks and branches become available.
Tree trunks are usually used as timber and the small branches are left in the field. If only 10% c
the current rubber tree stock (about 800 ha) is replantedf would result in roughly 25800
dry tons of wood branches. The corresponding energy conierstbout 4600 TJ, equivalent to
381GWh of electricity[30]® ¢ KA a Fylfteaara R2SayQd SgIfdz a
trees grown on household farms as it is assdnbat these residues are already in use as
firewood or on farm applications.

Oil palmgrows throughout Liberia but is particularly abundant in the coastal areas. It can
yield cooking oil, animal food, and raw material for the manufacture of cosmetics,
detergents, and pharmaceuticals. Palm oil can be used to produce biodiesel or usec
directly to run lowrpm (rotations per minutediesel generators. In addition, the oil palm
residues can be a feedstock for heat and power generation. The average yield per hectar:
is about 80 dry tons of biomass, which means that if only 10% of the area pharttedil

palm trees in Liberia (about (B0 ha) wee replanted, it would yield 24000 tons of
biomass, equivalent to 820 TJ (36GWh)[30].

Cacao treesneed shade and are not very suitable for lasgale monoculture
plantations, making intercropping with other cash or food crops a common practice in
the small household farms. They need regular pruning, which would yield about 8 GWh of
electricity per yar in Liberia, and replanting would yield more 15 GJ&0]. Some of this
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resource is already in use as cacao trees are being cut and burned as charcoal in son
areas of Liberia.

Coffee cash crops Liberia are pruned yearlyubthere is no information on the amount

of residues generated. Despite this, coffee processing generates husk, among other by
products, which is usually used as a fertilizer but could also be compressed into pellets. |
Is estimated that about 500 dry tenof husk are generated per year, with a
corresponding energy content of 8 TJ and electricity generation potential of less than one
GWh[30].

Other cash cropsin Liberia include coconuts, bananas, plantains, sugarcane and
pinegple. Even though the energy content of the biomass generated is high, these
resources are sparsely distributed and/or have many other competing uses, being
difficult to estimate the amount available for power generation.

1 Animal Manureg Although the liveick sector has never been a major feature in Liberia, it is an
important activity to traditional farmers. About 8% of farming families own ducks, and 5% own
pigs and goats. Sheep and cattle are hardly present. Before the war, there were seven larg
cattle farms in Maryland, Grand Kru, and Sinoe counties. Today they are slowly beinc
rehabilitated, mainly in Maryland. Livestock manure is used as an organic fertilizer, building
material, and energy source. It can be used as fuel in two ways: either burnectigior
anaerobically digested to produce biogas, which is then burned, more efficiently than raw
YFYydz2NE® LG ¢1a SadAYFdSR GKFEG [A0SNAIQa LI
219 GWh of electricity per yef80], and it is considered that digestion processes based on cattle
manure may be a solution in the future.

Urban resourcesThe concentration of population and activities in urban areas is responsible for the
generation of waste. This waste, referred to asunicipal solid waste (MSW), is generated by
households and the commercial and industrial sectors. The waste takes many forms, including plastic
paper, textiles, glass, metal, wood, food, and other organic wastes. MSW, patrticularly the biogeni
fraction, is a resource that can be converted to electricity, heat, gaseous and liquid fuels. The use ¢
waste to provide energy has one major benefit derived from the production of electricity, which is the
safe waste management and disposal, reducing waste voloyr@0%, and consequently in a decrease

in the amount of land needed for waste disposal. The power generation can be achieved througt
several processes, including incineration, gasification and digestion. Despite the fact that there are n
landfill sitesm Liberia, a study30] estimates the generation potential of waste-power in 18 major
populated plaes in Liberia with more than@O0 people, which have a total potential of 52 GWh per
year.

Processes and technologie®iomass resources may be used in different manners, existing several
processes and technologies which allow electricity generation from biomass. Regarding this repor
biomass to electricity or fuel processes can be separated in two main proceskesmo-chemical
(incineration, gasification and pyrolysis) processes anechemicalprocesses (anaerobic digestion). A
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brief description of processes and technologies to produce electricity from biomass is presented i
Table6.4.

Table6.4 ¢cProcesses and technologies to electricity generation by biomass.

Thermo-chemical processs

Consists on burninghe biomass to generate steam, which is used to generate power through a turbine
generator. To be economically feasible, biomass based steam process power plants should have a demang
to 5 MW, with a continuous supply of biomass throughou trear, in order to ensure a constant price level for
project. The fuel has to be pretreated. Considering the above, using biomass for steam generation col
suitable option for rural Liberia, in areas where the demand is high enough and withedeacacess to biomag

supply.

Incineration

Using a gasifier, this is a process described by the partial combustion of biomass (wood chips, charcoa
others) with a controlled amount of oxygen, from which results a gas that can be used in recipycaagines, fue
cells and gas turbines. This process is more efficient than incineration and needs pretreated biomass as wg¢
the process gas in reciprocating engines, it is possible to have sisiakbegeneration units than in incineration, wi
electric outputs as low as 1 kW. This is a fairly new technology in Africa, with most projects still at plan
demonstration stages. It is important to state that past studies indicate charcoal gasifiers present less op
problems than, for examp, gasifiers fueled with wood or agricultural residues. Small and mizate gasification
systems could be a suitable alternative for villages, as they are portable, small, cheap and simple. Gas
already being tested in Liberia: in Booker Wagtom Institute, Kakata, three 15 kW PP20 gasifiers are being us
provide electricity to the campudg-igure6.7). As Kakata is in the center of extensive rubber farms, there
O2y&ARSNIOGES | Y2dzyG 2F o0A2Yl &a& &adzllL) @ d 5 Sa&LJA dldting
as desirake, having had technical problems which made some of them unavailable for power generation. Alj
biomass gasification is promising, the process is still under development, not being a suitable option for,
generation at the present time.

Gasification

Similar to gasification, with extremely low amounts of air (theoretically in the absence of air), but the comb
stops at lower temperatures, converting the biomass in adiipa liquid fuel. Taking into consideration that tH
process is still bemndeveloped, it is not regarded as a suitable alternative.

Bio-chemical processs

Consists in a natural decomposition process, favored byooygen, hot and dry conditions, typically based
manure from livestock farming, residué®m palm oil processing or municipal solid waste. This process u
digester and gives biogas as product, which can be used in reciprocating engines, gas turbines or fuel cells
smaltscale generation units, with capacities ranging from aKgwto a few MW.

Pyrolysis

Anaerobic
digestion
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Figure6.7 ¢ BWI Biomass gasifiers pilot project.

[ AOSNRAF Q& o0A2YIl aa W2 {SWwHA Ay (123 30RFEBEVARSINIG GA2Y |
goal, which is the analysis of suitable processes for-gridi operation, it is possible to draw some
conclusions.

Concerning the resources, the analysis above indicates that a carefulimgaimn of the utmost
importance. Most of the biomass which could be used to produce electricity can also be usec
elsewhere, especially when considering the much more important charcoal market. For example, usin
arable land in order to produce fuel, andtrfood, may have negative impacts; as could the use of crop
residues for energy generation, instead of cattle feeding. A sustainable use of the available resources
also necessary, so as to prevent deforestation and other related issues. It is reconinendse
resources that do not compete with other uses, in a sustainable manner, but it is important to ensure
that the resources will be available at a reasonable cost.

Considering that biomass has low energy density, the distance between the resourdbeapower
generating unit must be minimized. In general, biomass transport is limited-&030n, especially with
poorly developed infrastructure. Moreover, processing the feedstock to enable its use may be an energ
intensive process which will increaghe cost of biomass power generation, such as the pretreatment of
wood and wood residues in a chipper.

To sum up, the many competing alternatives and the lack of concentrated resources discourage the us
of most of the possible biomass sources for med&gale generation. However, viable alternatives may
exist, such as power production in combination with the palm oil mill process, although it is not clear if
that would be cost effective. Additionally, smatlale generation, as gasifie@ed anaerobic dyesters,s

not considered to be suitable at the present time, as gasifiers are not yet a mature technology anc
SELISNASYOS KIFa LINRPOSYy GKSANI tAFSaLIly Aa yz2a f
resources, as there are no large farms @foncentrated quantities of animal manure, such as cattle) nor
centralized waste collection systems.
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In the future, if the demand is high enough, bioméissd power plants may become feasible. For
smallerscale generation, both gasifiers and anaerobigedters may be suitable, given that their
respective limitations are overcangereliable technology for gasifiers and concentratedourcesupply

for digesters. The main constraints to surpass for generating power through biomass are the availabilit
of resources and the need of capacity building, as the technologies used are considerably complex. Tt
way, biomass could start replacing diesel generation.

6.4 SOLAR POTENTIAL ASSMENT

6.4.1 SOLAR POTENTIAL MAP

Global scale factors effect on solar radiatio®n a gibal scale, solar irradiation essentially depends on
the atmosphere, geometry and movement of the planet in relation to the sun, however on a local scale
the changes in solar irradiation are mainly due to the topography, that is, variation in elevatipa, sl
aspect and shading.

Solar irradiation model The mapping of the solar resource is accomplished with r.sun model using
satellite data. The mentioned model is implemented under an open source environment, estimating
global radiation under cleagky condtions from the sum of its beam, diffuse, and reflected components
for a given day, latitude, surface, and atmospheric conditions.

Clear and Reagky parameterization Realsky solar radiation is calculated from the clsay values by
applying a factor Hat parameterizes attenuation caused by cloudiness. The effect of cloudiness is
considered in the application as a transmission factor (a model parameter that reflects the relation
between clearsky and reakky radiation). A good estimate of this parametepends on the availability

of radiation measurements as well as the estimation of the proportion of diffuse radiation.

Local meteorological dataFor the study of the solar potential for Liberia were collected and analyzed

global radiation data from 7 @ather stations in Ghana and Nigeria, provided by World Radiation Data

Center (WRDC) since for Liberia, meteorological data from ground stations are very sparse and has f
years of records.

Global meteorological dataHistorical data and collected measuarents of global radiation were used

to calibrate the HelioClimi (HC1) satellite data for the whole territory and calculate the global
irradiation on horizontal plane. HC1 database is available to meet the need fetdongadiation data
series, which antains 20 years of data (198905). The data used for this study as well as the
methodology and assumptions of modeling the solar resource for Liberia are presented in more detail il
ANNEXV.

Liberia Potential Atlas As presented irFigure 6.8, Liberia is characterized by hidévels of solar
radiation, especially in central and northern territory. The mapping of Global Horizontal Irradiation (GHI
for Liberia was performed with a resource grid of 1 km x 1 km.
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Solar Potential Map

RURAL ENERGY MASTER PLAN FOR LIBERIA

Figure6.8 ¢ Solar Potential Atlas for Liberia.

Liberia vs. worldwide solar radiationLiberia is characterized by high levels of solar radiation when
compared with good locations in Europe and ABiglire6.9). On average, the solar potential of Liberia
ranges between 1665 and 1771 kWh/nfl/year, being Greenville City the county capital with the
minimum value of GHI, 673 kWh/nf/year, and Zwedru the county cipl with the average highest

value of 1728kWh/m?year.
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Solar Atlas allows project identificationThe Solar Atlas of Liberia will allow the identification of any
site nationwide with generation capacity between any power ranges, bamnguxiliary tooto promote
rural electrification based on solar energy.

MAX (Grand Gedeh County)

MIN (Sinoe County)
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Figure6.9 ¢ Solar benchmark for the world.

PV potential. Specific production of a PV system is assessed by PVSyst application. The methodolo
and assumptions are detailed ANNEXIV. There vere performed 4 simulationsfor a total of 45
points covering Liberia territory, with a typical technical solution of a PV project with 10 kWp of solar
panel$ limited in the invertef of 10 kW To the results was applied a linear regression in order to
include the mos significant variables and therefore estimate the PV production for all the territory
(Figure6.10).

® For simulation purpose, were adopted Yingli Solar panels, Y+ZBOP

" For simulation purpose, was adopted the Siemens imreBinvert PVM10.
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Figure6.10 ¢ Specific production mapping for Liberia.

6.4.2 PV BASED SUPPLY RNATIVES

6.4.2.1 ALTERNATIVES COMFS BN

91 Diesel & PV Inverter Hybrid System (no batteries)
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PV based solutionsThere are several different PV based solutions to be taken into account in the rural
electrification options, with different levels of service from solar shops to -gridis, including Solar
Home Systems (SHS).

PV and Diesel Hybrid systenthree distinctPV based alternatives were considered. One consists of
100% PV solution, considering individual home systems. The two other alternatives take into accour
distinct approaches of hybrid PV/Diesel systems with different PV penetration ratios. Note thaathe m
objective of implementing solar into an existing diesel rgind is to achieve diesel fuel savings, thus
reducing orgoing operational costs andiesel fuel price exposure.
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This alternative includes a solution based in a 100% diesel system along with a solar syste
(without batteries). In this approach, solar penetration could reach up to 20% of the diesel

genset nominal power.

i Diesel & PV Battery Inverter Hybrid System

Soluion based in a 100% diesel system along with a solar system (with batteries). In this
approach, due to batteries usage, solar penetration could reach up to 60% of the diesel gense

nominal power.

However if a Grid Manager system is considered, the PVt could ascend up to 100% to
reach economic optimum, including support for diesel-mfide. An intelligent management
ensures that the amount of solar energy fed into the system matches exactly the demand at that

time.

1 Standalone solar system (Solome Systemg SHS)

This alternative consists in individual 100% solar powered systems with batteries.
It is presented inFigure 6.11 the summary ofthe PV based offirid and minigrid technolog
alternatives discussed above, which &etter detailed iInRANNEXV.

Diesel genset & PV Inverters Diesel genset & PV Battery Inverters

o’

> Robust design proven in harsh
environments

» High tolerance for wide voltage and
frequency ranges

» Integrated management functions
for weak grid

> Up to 20% PV penetration possible

Up to 20%*

Figure6.11 ¢ Off-Grid and MiniGrid Technology Alternatives.

» Storage integration to substitute spinning
reserve/idle genset operation
» From 3 kW to 300 kW

» Increased PV penetration of
100-120% to reach economic
optimum, including support
for diesel off-mode

» Possibility to work without
diesel backup

PV Penetration

Up to 60%*

» Solar Home System
or 100% solar
powered systems
with batteries

» 100% based on
solar power and
batteries

100%*

Market assessmentln order to accomplish the financial pfeasibility analysis, a market assessment of
the PV solutions in Liberia was carried out. This market assessi@ned the evaluation of CAPEX and
Operational ExpenditureDPEXcosts to be taken into consideration in the business models and the
suitability of the solutions to the regions, types of settlement, social and environmental background.
The assumptionsaken into consideration for the economic analysis of the PV based alternatives are

presented iNANNEXVIL.

LCOE simulationg:our different simulation$or the Levelized Cost of Electricity (LCOE) were performed
in order to better understand the cost differences between the previously presented alternatives. The
simulations took into account the technology alternatives of the PV based solutions presented
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previously. It was also carried out a simulation considering an alternative with a system operating 100¢
diesel.

LCOE example for MonrovidAs an example, it is presented a specific case for the capital Monrovia,
thus considering its local fuel costs and solar radiatiomTable 6.5 is presented the operation
assumptions that were used. The results for the alternatives simulations of LCOE are presé&igedein
6.12.

Table6.5 ¢ Example of operation assumptions for each PV based alternative and Diesel standalone solution.

Diesel Capacity PV Capacity Battery Capacity
(kW) (kW) (kwh)

100% Diesel
Standalone
Hybrid PV/Diesel
(no batteries)
Hybrid PV/Diesel
(with batteries)
100% PV
Standalone

100% Peak load - -

100% Peak load 20% Peak load -

100% Peak load 160% Peak load (*) 432 KWh (*)

- 280% Peak load 1942 kWh

(*) Designed for 50/50% ratio of solar/diesel energy supply.

Comparative costs between the alternatives simulationsor the minigrid operation options
(standalone diesel and hybrid systems) distribution cost must also be considered. It is possible t
observe that in these alternatives, for the used assumptions, dbsts of energy are very similar, just
below 450UD/MWh. Diesel standalone system is the most expensive of the-gnidisolutions due to

its high operational costs (i.e. fuel consumption). As the solar energy is introduced in the system it i
possible to observe that there is a slight decrease in the LB&fause of fuel savings. When a 100% PV
solution is considered (SHS), no distribution network is required and therefore there are no distribution
costs. However, due to the high investment costs of batteries, the LCOE becomes the highest of the fo
alternatives, reaching 476 5/kWh.

LCOE for SHS can decreasasiderablyin case of Grants o€oncesonal Finance.Since, no fuel is
required in PV systems, their operational costs are practically inexistent, and consequently, the price c
energy for this ype of systems is mainly affected by the initial investm@&@APEX. This represents an
opportunity cost for solar systems sinitecase of Grants or Corgsonal Financethe resulting costs of
energycan decrease substaally.
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Figure6.12 ¢ Levelized Cost of Electricity, Monrovia example (5% WACC).

6.4.2.2 GRID ANTICIPATI@QNOLAR/DIESEL TRANSNAL GRIDS

Hybrid solutions offer the possibility to anticipate electrification.Solar/Diesel hybrid systems are a
very interesting solution to anticipate electrification in more remote settlements, where the national
grid may take several years to come.

Solar/Diesel Transitional grids for sheterm scenario.ln the present work, aimple solution to enable

grid anticipation was considered in a way that the implemented equipment of the-gnithi can
continue in operation when the system is integrated in the national grid, thus optimizing the initial
investment. The Solar/Diesel Tratn@nal grids consist on several distributed low voltage (LV)-grids
connected to different hybrid solar/diesel systems which would provide in the dban, a first stage

of electrification in an offyrid location. Transitional grids are better desiced in ANNEXIV. These
hybrid systems are to be scattered withihet community, as if they were Medium Voltage (M)
transformation stations, fornmg several small clusters of isolated mignds. To avoid high PV and
storage capacities, which would translate in high CAPEX costs, lower household service levels could
provided. As a hypothesis, a 12 hours supply service and 1 Amp per clienidimitere considered.

Hybrid Systems desigrthe hybrid systems may have a wide range of design solutions, depending or
several aspects, as PV radiation or consumption profiles. In order to ensure service continuity, therms
generation should always be dgsed for 100% peak load. To maximize its efficiency of operation,
diesel generators would operate only in peak hours (~4 hours/day), and the remaining hours would b
supplied by the renewable source. As discussed above, PV penetration depends on theatiomloh

PV installed power and storage capacity, and several-opaimum solutions are possible.
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Longterm scenario.In the longterm, when grid coverage is available, the hybrid systems would be
replaced by transformation stations that would be connected to the existing LV grid and PV system:
which would remain in operation. For national network integration, the tfanmsation stations would

be connected with the required medium voltage distribution lines.

Case study for Salaldn order to evaluate the feasibility and economics of the Solar/Diesel Transitional
Grids, a case study was performed for the community o&l&aFirstly, a demand assessment of the
potential clients was performed, and then the hybrid systems were designed and distributed in the
community as MV/LV transformation stations would, taking into consideration household scattering. In
this case studythe considered solution consisted on a PV capacity equal to 100% peak load, anc
enough storage capacity for the nocturnal-pak hours. Hence, during daytime, all consumption could
be satisfied by solar resource, and the excess energy could be uskdrtgeahe batteries. Peak hours
would be supplied by diesel generation and batteries would be used ipeafk hours. In total, five
PV/Diesel systems were design according to the aggregated demand, and to the specific solar radiati
of Salala communityThe low voltage grids, emerging from the hybrid systems were also designed, as
seen inFigure6.13.

Longterm scenario for Salalavhen the grid reaches Salala, hybrid systems can be replaced by MV/LV
transformation stations, as shown kgure6.14. At this stage, additional ingement would be required

to connect the substations to each other and to the national grid. However, the existing LV grid, and th
PV systems would continue to be used since they would be connected to the new medium voltage grid.

Case study conclusion3he case study revealed that the diesel generation would be responsible for
65% of total consumption and that the remaining 35% would be based on the renewable resource.

'.

5 Diesel & PV
Battery inverter
based mini-grids

: Ve
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Only PV remains
and is injected in
the grid

Figure6.14 ¢ Longterm medium voltage and Grid.

Budget of aggregated costsAll the equipment costs were budgeted and the main results of the
designed system are presented Trable 6.6 for both off-grid and ongrid operation. The aggregated
costs of enegy of the system are around 4508)/MWh.

Table6.6 ¢ Shortterm and Longterm scenariodor Salala

Solar / Diesel Transitional Grid Grid Connection
(ShortTerm) (LongTerm)
Number of . . . . . .
clients: 834 Residential + 18 Services 834 Residential + 18 Services
. Residential clients: 12 hours / 1 amp
Limited :
_ per Household Normal Service
service:

Services clients: normal services

Installed 340 kW (Solar: 170 kW + Diesel: 170 170 kW Solar (remaining from migiids) + 255 kW HF(

capacity: kW + 543 kWh batteries) (+50% load/24 houservice)
CAPEX . Additional CAPEXeneration (HFO*JUSD255k
. uUsSD426k(510UP/client) :
generation: (+300UD/client)
CAPEX (LV and client connectiondSD486k | Additional CAPEXRistribution (LV): None
distribution: | (585U3/client) (MV): USD106k + MV Grid extension (+1253/client)

Solution of Transitional GridsTransitional Solar/Diesel Grids can be an interesting alternative to
electrify remote communities until national grid access is available. This solution is a renewable enerc
based alternative with the objective to substitute diesel fuel consumption, tieasicing operational
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costs and contributing for the reduction in greenhouse gas emissions. In addition due to small storag
needs, investment costs are also reduced. Continuity in service is guaranteed due to diesel backup a
a storage capacity. One thfe main aspects of this solution is the optimization of the initial investments,
since both the PV system and the low voltage grid can continue to be used, when the system |
connected to the national grid. Additionally, as discussed above, the solar ccemp allows a
considerable decrease in energy costs, in adggrants or Con@sonal Finance. In this caghge cost of
energy could reduce tthe predicted future tariff keeping the sustainability of the system.

6.5 HYDRO POTENTIAL ASSMENT

6.5.1 INITIAL CQSIDERATIONS

Evaluation of hydropower potential.The evaluation of hydropower potential integrates hydrological
results and terrain features as well as technical and economic criteria in order to obtain regions
reflecting the higher or lower potential ofhe analyzed locations. For the development of these
analyzesthe Consultanhas spatial analysis tools as well as extensive experience in developing custon
made models appropriated to each geography.

Hydropower potential map as an auxiliary tool to prone rural electrification. Hydropower potential

map is intended as an auxiliary tool to promote rural electrification through hydropower, singeait
map with representation of the rivers and its hydropower potential as power capacity. This map allows
identifying any site nationwide with generation capacity between any power ranges. Based on the
hydropower potential maps, pico and micro hydro off grid were assessed based on an algorithn
developed bythe Consultant

Small hydro feeding mingrids. Concernig to small hydropower plants, a desktop study will be
conducted in order to perform a preliminary design for the hydro potential sites identified in the past
FYR OFfOdzZZ S RAFFSNBY(O [/ h9Qa F2NJ RAT T@INBI G
with demand size of closest clusters of settlements (potential Hgiiitis) or future sukstations (which
could be electrified before based on such mhigdro). In terms of rural electrification, this kind of
mini-grids present several advantagesymaly the possibility of constituting transitional grids for places
GKSNBE INAR akK2dz R YSSiG Ay GKS f2y3 (GSN¥Y3I 3IA0DSy

6.5.2 AVERAGE ANNUAL FLOW

The average annual flow was obtained by applying the Turc meth®durc method consists on a
formulation that determines, for each watershed, the flow deficit considering only climatic variables:
average temperature and mean annual precipitation. Its application is particularly suitable when the
existing hydrometric da not allows describing properly the hydrological phenomenon, as is the case of
Liberia.

Performing Turc method using GIB. the present study, the implementation of Turc methodology was
performed using a Gepaphic Information SystemThe procedure wasomputed in matrix format

— Gesto 114

LR.2016R.0013



RURAL ENERGYRATEGY ANASTER PLAN FOR LIBERIAL 2030

TECHNICAL REPORT

(raster), with a resolution of 3830m and as result an average annual runoff value at each pixel was
obtained. The flow value calculated for each pixel corresponds to the annual average runoff in the
catchment area defined byhat pixel. This methodology was applied in all river basins of Liberia
discretized for each pixel, for which precipitation and temperature (annual average) of the watershed
were calculated. Annual average precipitation and temperature in the catchmeatdeéned by each
pixel were obtained considering data available on WorldClim website.

The average annual runoff obtained by Turc Method is presentedrigure6.15, as well as annual
average precipitation and temperature.

[ uiberia
[ Watershed
Average annual runof (mm)

[ s200

[ 201-400
[ 401-8600
[ 601-800
I &01-1000
B 1001-1200
B 1201-1400
Bl 1401-1600
Il 1601-1800
Bl 1801-2000
I 2001-2200
. >2200

0 20 40 80 120

km

Figure6.15 ¢ Scheme of Turc formulation.

6.5.3 HYDROPOWER POTENMAP

Hydropower potential map. In theory, hydropower potential map is the mapping of possible capacities
that can be installed on each point of the analysis, considering the estimated average daily flow rate an
the usable head at each point. Based on the runoff map of Liberia olstdipelurc formulation, it was
possible to determine the modular flow at each point of the territory. Gross head was calculated basec
on the difference of altitudes given by the digital terrain model of 8fittle Radar Topography Mission
(SRTM
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The hydrpower potential is determinate by:
0 hgl( (6.1)

where:
P ¢ capacity (W)
h ¢ turbine-generator efficiency (86%)
g¢ specific weight of water (kN/f)
Q¢ design flow (r¥s)
H¢ net head (m)

Design flow and net head and global efficiency were determined differently according to main objective
of the hydropower potential map, as is exposedrigure6.16.

Pico/micro hydropower

plants Other Hydropower plants

- H:95% of maximum First phase (Atlas)

available head within a .
- H:95% of maximum

500m radiius available head within a
- Qyjm: firm flow 1km radius

(considered 1.5%* of

mean annual surface - Qujm: mean annual

runoff) surface runoff

- Efficiency (n): 50% - Efficiency (n): 86%

- Maximum distance
between village and pico-
hydro: 5km

Second phase: Simplified
location study and
optimization

*value obtained basedon monthly flow data from 19 gauging stations with watershed areas
inferiorto 500 km?

Figure6.16 ¢ Hydropower potential map inputs.

Average annual isoenergetilines. To complement the map of hydropower potential, average w@ain
isoenergetic lines were also calculated, that express the producible energy per unit area per year. Tt
expression used was as follows:

7 T8t T GE (6.2)

where:
W ¢ averageannualenergy (kWh/m)
E¢ flow (m)

h ¢ altitude above mean sea level (m)
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Hydropower potential map obtained for small hydropower assessment is presentgdure6.17.

Hydropower Potential Map

RURAL ENERGY MASTER PLAN FOR LIBERIA

Pion for L

w o Gesto % soin

Figure6.17 ¢ Hydropower potential map.

In ANNEX/I, amore detailed methodology used in determiningetpotential maps presented.
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6.5.4 PICO AND MICRO HYDRESESSMENT

Pico and micro hydro definitionAccording to the Liberian White Paper, pico and micro hydro differs by
power output ratings, so, hydropower systems with installed generation capacity from 100 W to 1 kW

are denominated pico hydro and micro hydro are the ones with installed capacitylfitond O0kW.

Objective of pico/micro assessmeniThe main objective of pico and micro assessment is to find for
each village, a hydro location with sufficient capacity to feed its power peak. To do so, an algorithm wa

developed bythe Consultaninorderi 2 A RSY (A Feé (G(KS Ke&RNZ

f20FGA2Y

locations and its respective long term power peak were required, as well as the hydropower potentia

map.

More than 8000 villages were analyzed with the algorithm, and as a resultertttan 700 pico and
micro hydropower plants were identified as a possible solution to feed the villages, considering &
maximum distance of Bm between the village and the hydropower plant.Aigure6.18, villages and

pico /micro hydro locations are presented.
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Figure6.18 ¢ Villages that can be feed by a pico and micro hydro solution, including eact/miicro hydro location.
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Ranges of LCOE obtaine@osts of all the 769 pico and micro hydro were obtained by applying
simplified cost curves. As a final result, levelized costs of energy were obtained for all micro end pic
hydro analyzed. Therange of LCDE 206 G AY SR A & HFAigore6l®. cymc | { 5K
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The end of this analysis led to the selection of 9 locations Fggere6.20), which have lower cost than
solar/diesel based mirgrids and will not be connected to grid up to 2030.
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Figure6.20 ¢ Micro hydro selected.

Local studies are required in further stages of the projedtshas to be noted that the study performed
evaluate micro hydro in an automatic way and offers only an indication of potential. Given small size ¢
the hydropower projects, local studies are required to confirm location and respective geometric
characterstics.

In ANNEXVIl adescription of the methodology used in pico and micro hydro assessment are presented,
including restrictions of the algorithmedeloped bythe Consultant cost curves used and economic
assumptions included in the analysis. Results obtained for 769 micro hydro identified are also include
in the mentioned Annex.

6.5.5 SMALL HYDRO ASSESSME

Collection of old hydropower plants studiesSmall hydro analysis began with the collection of old
studies that includes hydropower plants identification and analysis. The hydropower plants identified ir
the past were georeferenced and evaluated with the goal of update the old analysis.

Georeference b hydropower studies identified in the pastDespite all the efforts to identify and
georeference hydropower plants previously studied, each exact location was not always possible t
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