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Executive Summary

Solar and wind energy resources in Ethiopia haveberen given due attention in the past.
Some of the primary reasons for under consideratidhese resources are lack of awareness
of their potential in the country, the role theyndaave in the overall energy mix and the
social benefits associated with them. Knowledgetted exploitable potential of these
resources and identification of potential regioas development will help energy planners
and developers to incorporate these resourcestersatlve means of supplying energy by
conducting a more accurate techno-economic anaMfsish leads to more realistic economic
projections.

The ultimate objective of this study is to produgedocument that comprises country
background information on solar and wind energyization and project scenarios which
present solar and wind energy investment opporésnit investors and decision makers. It is
an integrated study with specific objectives oforese documentation including analysis of
barriers and policies, identification of potentiateas for technology promotion, and
nationwide aggregation of potentials and benefitthe resource. The main outputs of the
study include estimation of technical and econopeitential of the solar and wind resources,
regional and woreda level presentation of theseurees on GIS maps, a national level
energy demand and supply assessment including astecto 2030, identification of
constraints for wider dissemination of solar anehdvresources and financing mechanisms
which help facilitate increased market penetratibthese technologies.

All analysis in this study is based on the SWERAeagated data for the solar and wind
resources. Data from other sectors were also tetleio order to determine the potential of
the resource in various sectors.

The SWERA solar resource data is the first kindedfource assessment conducted in the
country at a resolution level of 10 knBolar resource assessment studies were also bbgade
CESEN-ANSALDO group in the 1980s. Comparisons o #plar resource made by
SWERA, CESEN-ANSALDO and NASA indicate that theimstion of the resource by
SWERA is less by more than 50% of that estimate€B$EN. Estimations of CESEN and
NASA provide similar figures for the sites comparis are made for.

Based on the SWERA data, the mean annual averalyeradiation for the country as a
whole is 3.74 kWh/ffiday. The annual average daily radiation for eacheda in the country
is indicated using a GIS map.

The potential of the solar resource for power gatiem and thermal applications is also
analyzed for various end users. For grid-baseckesystthe technical potential for building
integrated solar PV (BIPV) from the residential Iimgs in the country is estimated to be
1.1TWh/year. With availability of data it becamespible to estimate BIPV from various
sectors for Addis Ababa and it is about 3TWh/ydawr off-grid applications technical

potential of solar home systems, rural health tmstins and rural schools are 4TWh/year,
6.24GWh/year and 15.6GWh/year respectively. Forekiim and livestock water pumping in
off-grid areas, technical potential is about 36Gyéhaf.

The SWERA wind resource data was generated frorRIBOE Model developed by the
Denmark National Laboratory at a resolution of 5 lan50 m above ground level. Like the
wind velocity estimations made by CESEN, the acoyd the SWERA wind data too
suffers from low density of wind measurement stegiased for ground verification. A GIS
map was also developed indicating the wind resoatcegional level. The wind regions of
the country were classified into seven categomesthe area under each category is
calculated and presented at regional level indigaduitable areas for various purposes of



wind development. At a national level the totaldaea suitable for development of wind
energy either for mechanical shaft power or grisidolselectricity generation is about 166, 100
km?. The area of wind regions suitable for grid baslegtricity generation is estimated to be
20,290 knA. This has a potential to generate 890TWh eletrjmér year.

In order to realize the full market potential foolax and wind technologies, financing
mechanisms based on other countries experiencedsarsuggested.

The Long-range Energy Alternative Planning mod@&AP, is used to analyse and project
energy demand and supply for energy. Scenarioysisals made to determine possible
development for energy supplies, i.e. conventi@malrce dominated scenario vs. solar and
wind energy friendly scenario.

The energy demand forecast carried out with theahiodicates that demand can be expected
to grow from 700PJ (194TWh) in 2000 to just ove®@PBJ (527TWh) in 2030, a growth rate

of 3.5% per year. Sectoral energy shares changeewdnergy demand from the household
sector drops from 91% in 2000 to 78% in 2030 witiiresponding increases in the other
sectors. Fuel shares in the energy balance alangehwith share of biomass from total

demand declining from 93% in 2000 to 82% in 2030.

For the supply side, the Reference scenario shioatghie nearly exclusive dependence of the
electric grid continues into the future and hydmpo plants will contribute 96% to total
generation on the grid in 2030. In electrifiedaluareas supplies are currently mostly from
off-grid systems but in the future the contributmingrid electricity will increase and by 2030
grid power will account for 66% of total rural elecity demand.

Supply shortfalls appear for electricity in 201# the grid and immediately for off-grid
systems. In the Reference scenario, shortfallsrexewith the same supply mix as the base
case whereas for the Alternative scenarios thetfslisrare met with solar and wind energy.
The analysis shows that solar and wind energy rogplg the shortfall of 4PJ (1TWh) of
grid electricity in 2017 and 46PJ (12.8TWh) in 2088 off-grid electricity shortfalls appear
the year after the base year and solar and windygman provide 26.5TJ (7.3GWh) in 2001
and 1075TJ (300 GWh) in 2030; for home systemsptitential for solar and wind energy
would be in 0.1TJ (28MWh) in 2001 and 48TJ (13GWh2030; and for solar water heaters
the potential would be 112TJ (31GWh) in 2001 and0ma (2TWh) in 2030.



1 Introduction

1.1 Overview

Ethiopia is located in the eastern part of Afrieavieen 3to 15 north and 33to 48 east.

With a surface area of 1.1 million square kilomgtéris the third largest country in Africa. It
is the second most populous country in Sub Sah&fdaca with an estimated population of
about 71 million, which is mostly distributed innttoern, central and southwestern highlands.

Ethiopian economy is predominantly based on agticelwhich contributes the lion’s share
of about 50% to the GDP and over 80% of employm&né agriculture sector is the leading
source of foreign exchange for Ethiopia. Coffedadily followed by hides and skins, oll
seeds and recently cut-flower are the major adticall export commodities. At present the
per capita income in Ethiopia is less than USD 100.

With only 6% of households connected and 15%ofpibygulation having access to electricity
from Ethiopian Electric Power Corporation (EEPCajcess to electricity in Ethiopia is one
of the lowest by any standards. Despite the faat80% of the population of Ethiopia live in
rural areas, electricity supply from the grid isnakt entirely concentrated in urban areas.
Among other things, dispersed demand and very lowsemption level of electricity among
rural consumers, limited grid electricity penewatio rural population to less than 1%. Based
on the hitherto electricity expansion practicegha country, access to electricity does not
seem to be the reality of the near future for theater percentage of the rural population.
However, the recent government's strategy undervéisal Electricity Access Program
(UEAP) ambitiously plans to increase access totddg from the current 15% to 50% by
the year 2010 by connecting 7500 new towns andgek to the grid. The UEAP does not
only aim to increase access, but also aims to thesé&vel of national per capita consumption
of electricity from the current 28 kWh to 128 kWi thhe year 2015. In order to realize this,
the d\j}\fendable capacity of the power plants hdsetincreased to 3GW from the current
0.6GW.

The Government of Ethiopia is aware of the fact tee national utility alone through
continous grid extension cannot accelerate ruraksg to electricity. In the struggle to
improve rural access to electricity, the governnieag recently streamlined its strategies and
embarked upon removal of barriers and constraingetelerated off-grid rural electrification.
The Rural Electrification Strategy provides oppoities for an increasing participation of the
private sector in the supply of electricity to ueerified rural population. This has included
the design of institutional and financing framewdide private sector-led rural electrification,
which are expected to remove barriers and faalitativate sector participation in the
provision of off-grid electricity supply (generatigtransmission, distribution and marketing).

This study is part of the Ethiopian Solar and Winkrgy Resource Assessment (SWERA)
Project. SWERA is an on going project financed WyBP/GEF which is being concurrently

implemented in 13 developing countries to assessstitar and wind resources potential of
each of these countries and to facilitate glob#tisp to less carbon intensive energy system.

1.2  Objective of the study

This study seeks to produce a document that coagpdsuntry background information on
solar and wind energy utilization and project scesaon these technologies. The general
objective of the study is to develop and preserlarsand wind energy investment
opportunities to investors and decision makergasonable manner. It is an integrated study

1 Universal Electrification Access Program (UEAPRiNMReport, Volume II, EEPCO, April 2005
2 Rural Electrification Fund (REF), Rural Electr#iion Board (REB) and Rural Electrification
Executive Secretariat (REES) have been formed uhée¥inistry of Rural Development (MoRD).
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with specific objectives of resource documentatiwiuding analysis of barriers and policies,
identification of potential areas for technologyomotion, and nationwide aggregation of
potentials and benefits of the resource.

1.3  General Methodology

We suggest breaking the assignment into six distasks. The first three tasks are related to
reviews of policies and barriers for solar and wemkrgy development andséuational
analysisframework will be used for the reviews.

Task 4 requires that energy demand and supply liatdocumented for a base year then
projected for twenty to thirty years. We shall tiseLEAP model to document the energy
system and also for demand projection. Outputsh ftois task will be inputs for scenario
analysis in Task 6.

Task 5 is the key part in the assignment. Herddablenical and market potential for solar and
wind energy will be determined. The SWERA devetbi@S databasewill be used to
graphically select potential S&W development arga&thiopia. Sets of criteria will be
developed for assessment of the technical and tnpdkentials — these selection criteria will
be applied on the GIS database. The technicaherltet potential estimates from this task
will be input to scenario analysis in Task 6.

Task 6 will evaluate the national potential of S&#ergy. Output from Task 4 will show
supply deficits at the national level. Output frdiask 5 will show the technical and market
potential of S&W energy at the national lev&EAP will be used to integrate these two sets
of data to determine the potential contributior8&\W in the national energy balance.

Workflow and general outline of methodology

1 Review National In this task national energy and related policidshe reviewed and their impact on
Eneray Polic solar and wind energy development in Ethiopia béllassessed.
A 4
2 | Reviewof ISSU€s Technical, financial, and institutional issues tedato solar and wind energy
for SE&W enerq development will be reviewed. Barriers for widéssmination of S&W energy will
be identified and strategies for their removal Wélindicated.
A 4

3 Identify financing
mechanisir

Accessible finance is one of the critical constigfior S&W dissemination.
Appropriate financing mechanisms will be proposed.

4 Assessenergy | | Energy demand and supply will be evaluated at ginal level using the LEAP

demand and supr model. Demand will be projected to 2030. The dersupply gap for the long
term will be estimated. Outputs from this task wé inputs for scenario analysis in
task 6.

Identify regions for The SWERA GIS database will be used to estimate téio@nical and marke

S&W developmer potential of S&W energy. Potential areas will beritified on the digital map anf
aggregate S&W energy production potentials will dgtimated for these selected
sites.

Conduct 596‘”&“0 « | Inthis task, the share of the supply gap idemtifieTask 4 that may be met by S&

analysi: energy is estimated. The technical and marketnpiats estimated in Task 5 wil

serve to formulate two development scenarios: thmbifious S&W energy|
development scenario will be derived from the téchin potential; and the
Accelerated S&W energy development scenario willdegived from the marke
potential.




2 Solar Energy Resource

Renewable energy resources in Ethiopia, with theegtion of biomass, have not been
actively incorporated into the national energy pamg. Apart from very few donor driven and

project-based markets there has been hardly arsiamment in the utilization of renewable

energy resources and dissemination of such techmslo Knowledge of the exploitable

potential of the solar resource and identificatadnpotential regions for development will

help energy planners to incorporate the resour@tasative means of supplying energy by
conducting a more accurate techno-economic analysish leads to more realistic economic
projections.

This study seeks to estimate the exploitable piateat solar resource of the country under
various scenarios using the SWERA generated sedaurce data. Potential areas where there
are significant solar resource and correspondingcimea of un-served energy demand have
been identified and presented using GIS maps.

2.1 Solar Energy Resource Potential

Ethiopia located near the equator its solar reigobviously of significant potential. The
responsible organization for collection and docutaon of solar resource data in Ethiopia is
the National Meteorological Service Agency (NMSA&hnlar resource data including the daily
irradiance and sunshine hours for some areas ingshhave been collected and documented
by various organizations such as the NMSA, Ethiofiavil Aviation Authority, and, Food
and Agricultural Organization (FAO) of Rome. Furttemlar resource potential estimation
analysis on a national level based on measuredasiadheoretical methods was carried out
by CESEN-ANSALDO Group in the mid 1980s. As an oute of this study by CESEN, a
solar energy map with iso-energy curves for yeavigrage radiation on a horizontal surface
was developed for the first time. Lacking suitatilect measurements, the estimation of solar
radiation of Ethiopia by CESEN was limited to maasoents of sunshine hours and cloud
cover. Data on cloud covers were available onlylfdrstations and the instruments used to
measure cloud cover (only 20 stations for whicladeds available) allowed only very course
estimates of incident radiation.

In the absence of sufficient data on global radimtind sunshine hours, the total radiation on
a particular area is usually estimated based onatit and geographical analogy of other
neighboring areas for which data is available.dwihg this, the estimation of total radiation
by CESEN in areas with a very low density of growtations, extrapolation was made to
cover wider areas leading to uncertainties whiechlmconsiderably larger. It is also noted by
CESEN that the iso-energy curves in areas with Y@y density of stations and near the
boarders of the country must be considered lesabtef. According to CESEN, the annual
average daily radiation in Ethiopia reaching theugd is 5.2 kWh/fiday. The minimum
annual average radiation for the country as a wisoéstimated to be 4.5kWhifday in July

to a maximum of 5.55kWh/ffday in February and March.

The SWERA solar resource data was developed freniGérman Aerospace Center, Institute
of Technical Thermodynamics (DLR) Model for thearepresented by each grid cell in the
GIS map. SWERA has developed a national solar resoassessment for Ethiopia at two
different resolutions of 40x40Kmand 10x10krh The solar resource data developed by
SWERA includes estimates for concentrating solavgso(CSP) or direct normal radiation,
global radiation on horizontal surface and glolaiation on tilted surface. The estimation of
CSP analysis utilized direct normal data, whichrespnts concentrating systems that track
the sun throughout the day such as trough collecodishes. The estimation for radiation on

3 Solar Energy Resources, Technical Report 3, CESE06

2-1



tilted surface analysis used data from the flatepleollector type, typical for a PV panel
oriented due south and tilted at an angle fromzoaital equal to the latitude of the collector
location.

The level of accuracy or certainty of the modelatlig in SWERA data for solar resources at
40x40kn? resolution is considered to be accurate to 10%heftrue measured value within
the grid cell. This is because some of the metegrol input parameters to the model (cloud
cover, atmospheric water vapour, trace gases,waiat of aerosols in the atmosphere) that
are used to calculate the daily total insolatioradmorizontal surface are not available at that
resolution. The impact of these uncertainties aneenexaggerated to CSP applicatibihe
level of accuracy of the modeled value for solaoteces at 10x10Knesolution is expected
to be higher than the 40 km resolution. All anialyis this study is based on the 10km
resolution data.

According to the SWERA solar resource data, theuahmverage daily radiation on a
horizontal surface in Ethiopia is 3.74 kWH/rithe minimum annual average radiation for the
country as a whole is estimated to be 1.5 kWhirmJuly to a maximum of 4.9 kWh/nin
February and March. Comparison of the national ayemradiation estimations by CESEN
and SWERA group shows that the estimation by SWERAss by 39%.

Table 2.1 — Comparison of yearly average daily glohdiation (kWh/rfiday) estimations by
SWERA, NASA and CESEN for some locations.

Average Daily Global
Radiation on Horizontal
Surface (kWh/n¥/day) % Difference
SWERA | SWERA | NASA
S Vs S

No. | Location Lat./Long. | SWERA | NASA | CESEN | NASA CESEN | CESEN
1 Addis Ababa 9.03/38.7 2.07 5.94 5.54 | 187% 168% 6.7%
2 Arba Minch 6.08/37.63| 3.521 5.49 5.54 | 56% 57% 1.0%
3 Awassa 7.07/36.95] 2.603 5.02 5.59 | 93% 115% 11.5%
4 BahirDar 11.6/37.4 2.576 5.80 5.39 | 125% 109% 7.1%
5 Debre Markos| 10.03/37.07 2.454 5.69 5.25 | 132% 114% 7.6%
6 Debre Zeit 8.73/38.95| 2.615 5.47 5.82 | 109% 123% 6.5%
7 Dire Dawa 9.6/41.87 3.214 6.01 5.71 | 87% 78% 4.9%
8 Gode 8.15/35.53 2.274 5.75 5.55 | 153% 144% 3.5%
9 Gondar 12.55/37.38 2.145 5.92 5.74 | 176% 167% 3.1%
10 | Gore 8.15/35.53 2.193 5.31 5.22 | 142% 138% 1.6%
11 | Jimma 7.67/36.83] 2.6 5.02 5.12 | 93% 97% 2.2%
12 | Kombolcha 11.12/39.7B 2.209 5.88 5.38 | 166% 144% 8.5%
13 Mekele 13.5/39.42| 2.27 5.86 6.59 | 158% 190% 12.4%
14 | Metehara 8.87/39.9 3.652 5.83 5.77 | 60% 58% 1.0%
15 Negele 5.03/39.57| 3.393 5.30 5.30 | 56% 56% 0.0%
16 | Nekemte 9.08/36.45 2.303 5.83 5.18 | 153% 125% 11.2%
17 Robe 7.12/40.0 1.977 5.70 5.58 | 188% 182% 2.2%

The SWEREA GIS data is used to analyze and askesgatential for photovoltaics (grid
based and off-grid applications), solar thermallg6ovater heating for domestic and

* Assessing the Potential for Renewable Energy aefé Lands, Bureau of Land Management, 2002
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industrial purposes) and crop drying applicatid®sncentrating applications are not included
in this study as estimation of potential for thesquire more detail information (regarding the
technological aspect and selection of availabld Emea with appropriate size and slop) which
could not be gathered during the given period rokti Screening criteria were developed for
these solar technologies to produce GIS-based arapanalyses.

Annual Average Daily Radiation in kWh/m2Asr
at Wereda Level

Legend
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2.2 Estimation of Technical Potential for Solar Resoure
2.2.1 Methodology of Assessment and Resource EstimatioarfSolar PV
A) Grid Based Applications

i. Central Generation (PV Power Plants)

Central generation basically refers to solar phoitaic schemes and the premises of which
are primarily designed for electric power generagioThese are PV power plants that are
connected to electricity distribution lines as edder generation systems.

It is difficult at this stage to develop a ratiomdbr prediction of potential sites that can be
used for central generation. However, marginal $amthere distribution lines are available
could be potential sites for embedded generatibarses.

ii. Building Integrated PV (BIPV) / Dispersed Systems

Building integrated PV refers to isolated generaiid electricity from solar PV that is laid
out on available space in individual buildings éed to local distribution lines.

Potential for power generation from BIPV from bo#sidential and non-residential sectors is
commonly estimated by the amount of space availableoof tops (and building facades)
that would be appropriate to lay out PV panelshtfywever, information is not available to
indicate the total size of available space on top§ estimation of technical potential will be
purely hypothetical and too course to be usefut. l&ok of data, the potential of BIPV for
non-residential sector cannot be estimated at matievel in any crude form. For residential
sector the following screening criteria and methodyp is used for the estimation.

Methodology

Box 2.1: - BIPV potential estimation methodology

1. All buildings must be in electrified areas asteyn has to be integrated to the logal
distribution lines.

2. Total number of residential buildings is assurizele equal to 90% of total number pf
households (considering residences in apartmeitsnghsame roof tops, more than
one family per household unit- Source: CSA-1.1 lebiog&d per household unit ).

3. It is conservatively assumed that there willabéeast 10rhroof top area available for
laying out PV modules for power generation. Tecahipotential, therefore, i$
estimated as: total number of connected residehtidtlings in the woreda * 10m
area of roof top * annual average daily radiatiérioo the woreda * 365 days * 149
module efficiency * 90% system efficiency. This apgch could be used to estimgte
BIPV potential at woreda level if number of conmettresidential buildings wer
known.

o

11

National level BIPV technical potential in residi@htouildings is estimated as: tota
number of residential connections in the counrtgOht* national annual averag
daily radiation*365 days * 14% efficiency*90% systefficiency.

11%
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According to data obtained from EEPCO, there a@®dD residential connectioh§he
national annual average daily irradiation is 3.74¥W/day. Therefore, the BIPV
technical potential in residential buildings is ab&.1TWh per year. Since domestic loads
and PV generations do not match well, a lesserepége of domestic buildings could be
considered.

Larger potential can be obtained if larger areaauff tops and building facades, and
efficiency of PV modules more than 14% is assumed.

BIPV technical potential in Region 14 was calculafeer purpose of building based on
tenure information obtained from the Region’s Adistiration office. The total potential

estimation is summarized in Table 2 below. Only 58Rtotal built up area is considered
for spaces used to lay out PV modules as therebegillnsuitable spaces due to slop,

orientation and set aside for other purposes lieipg water tanks, water heaters, etc.

Table 2.2: Built up areas per land service andriatiefor total yearly power generation

(Source: Region 14 Administration)

Technical
Land Service/ Total No. of Total Built up Potential
Purpose of Building houses Area (m?) (GWhlyr)
Residencé 321114 35843701.94 2390
Government Offices 395 516458.45 34
Institutions 30815 4206850.21 281
Diplomat & Int.
Organizations 89 37747.08 3
Defence 39 568549.87| 38
Other$ 8299 1393481.08 93
Total 360751 42566788.65 2839
a - includes facilities used for residential pugasd commercial activities together
b - includes businesses and industries
¢ - includes facilities used for purposes of retioga religious activities, sport, etc

The total BIPV technical potential for Region 14 atnual average daily radiation of
3.0kWh/nf/day is about 2.8TWh per y&aiThis almost equals EEPCO’s existing power
plants firm energy generation capacity (3.4TWh/ye@his estimation of potential can

change depending on the assumptions taken anck astyhdevelops and more buildings

are put in place.

B) Off-grid Applications (Small Decentralized Systems)

a) Solar Home Systems (SHS) /Scattered Systems

Solar Home Systems usually refer to individual Bgtesms which provide power to a single
consumer (i.e. a household or a commercial estabéat). Often, SHSs are used to generate
small amount of electric power to meet the basictekt power needs of individual users in

rural areas.

5 Source: EEPCO, Facts in Brief, 2004
® Higher technical potential of about 5TWh per yisasbtained with CESEN resource estimation of
annual average daily radiation of 5.2kWHhiday.
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Non-cooking energy consumption among rural houskhd very low in Ethiopia. In rural
and non electrified households, lighting and eatement devices such as radio/ cassette
players are end uses that such type of energyeoare needed for. For lighting, kerosene is
the major source of fuel among all rural househaldg businesses. Of the total amount of
kerosene imports in the country, a significant iparbf about 20%will be used for lighting

by rural households in kerosene based lightingagsviike pressure lamps, lanterns, and wick
lamps.

Fig. 2.1: Estimated dry cell consumption in the cowtry
(Source: Custom’s Office)

Dry cells are also another most
important source of energy in rural
areas. It is primarily used to power

Annual Dry Cell (D-type) Import Quantity

350.0

2000 | // light-torches and radio/cassette
£ oo 7 players. Annual dry cell
= o004 7 consumption of the country for the
£ 1500 | 7 years between 1998 and 2000 is
£ 1000- 7 indicated in Figure 2.1. It can be
£ 50 AT perhaps argued that over 300
0.0 million dry cell batteries would be

1992 1994 1996 1998 2000 2002 2004 2006 2008 | consumed and disposed of by the
Year end of 2006 if similar trend of

consumption continues8.

On average, the basic hon-cooking energy needsusfbhousehold in a nhon-electrified rural
area is estimated to be 178 Wh per day9. If thieewe be supplied with solar PV, a 70Wp
SHS would provide enough power to meet the minimelectrical requirement. The
assumption is that a 70Wp SHS would generate gifigpower at a yearly average daily
radiation of 3.74kWh/m2/day. Depending on the sodgource available in a given area, the
yearly power that any household obtains may vasgnfplace to place. The daily load for a
typical rural household is indicated in Annex 1.

As the percentage of electrification coverage malr&thiopia is very low (less than 1%), all
rural households are considered for the estimaifotme SHS technical potential. All urban
households are excluded as many of them are alrdadyrified and the remaining ones will
be connected in the coming few years by EEPCO asqbats Universal Electrification
Access Program.

Methodology

Box 2.2:- SHS technical potential estimation methazogy

The technical potential for solar home systems uralr households ig
estimated by multiplying the size of the SHS fattiudual household (i.e
70Wp system) by the number of non-electrified hbotgs times the solaf
resource expressed in terms of kWh/kWplyear

(i.e. Wp * non-electrified rural households * kWkiflp/year * efficiency).

" Own estimation based on anecdotal information

8 Projection of dry cells consumption of year 208@niade by the author

° More explanation for the estimation is given iotgm that deals with economic/ market potential
estimation for off grid applications.
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The technical potential for SHS in the country ashmle is estimated to be 3.9 TWh/year.
However, in order to bring about a more significdevelopment impact, other options of
energy supply systems which provide wider accessdoatricity could be more appropriate
and economical in areas where households are noseered. Application of solar home
systems is more appropriate for widely dispersedsibolds. Estimations of technical
potential for all woredas in the country are intkkcbon the GIS map.

Solar Home System (SHS) Potential in TWh/yr
at Wereda Level
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b) Health Institutions

Health service in Ethiopia particularly in rurakas is one of the lowest in the world. Quality
and magnitude of health service provision is diyelated to availability and consumption
of electrical energy. However, availability of efeécal power to support health services is nil
in almost all rural health institutions.

Rural health institutions include health posts &edlth clinics/stations. Facilities in health
posts include only the most basic items such asnuamtations equipment, lights, and
occasionally, a vaccine refrigerator. A healthicliis with a somewhat larger facility than a
health post. A health clinic offers a wider servican a health post. It may have items such as
vaccine refrigerators, laboratory equipments sweltentrifuge and microscopes, and lights
for a one or two bed ward for more seriously iltipats. Additional power may include lights
and entertainment instruments like a radio/caspédiger and a TV set for the staff.

An average daily electrical energy requirementrémal health institutions is indicated in the
following table.

Table 2.3: Daily energy requirement for health pastd health clini¢&

Appliance Health post Health clinic/station
Loads Wh Loads Wh

Lights - compact fluorescent 2*11W*4h 88 5*11W+*4h| 220
Vaccine refrigerator 1*60W*5h 300 | 1*60W*5h 30(
Microscope 1*15W*1h 15
Centrifuge nebulizer 150W*0.5h| 75
Communication VHF radio 2W*12h+ 30W*1h| 54 54
TV Color for staff 60W*4h 240
Radio Cassette player 15W*3h 45
Total per clinic per day 442 944
Assuming 20% system lose (Wh/d) 88 190
Total per clinic per day (Wh) 530 1139
Total per clinic per year (kwh)* 193 414
PV size needed (Wp) @ anuyal 196 423
daily average radiation of
3.74kWh/nf/day

10 Antonio C.J and Ken Olson, Renewable Energy faraR@linics, NREL, September 1998
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Methodology

Box 2.3:- Methodology for estimation of scatteredddar PV systems for health
institutions

Option 1:
The total solar potential for PV systems will be 8ize of the module needed to meet
the yearly energy requirement multiplied by the bemof health institutions at
woreda scale times the solar energy potentialifergiven place expressed in terms| of
kWh/kWplyear.

(i.e., Wp * number of health institution in a givemreda * kWh/kWp/year)

This will give the solar energy potential that slibbe harnessed to meet the current
electrical power needs from solar PV in rural Heaistitutions.

In absence of information on number and type dirbealth institutions at woreda
level, Option 2 can be used in anticipation of fatpotential rather.

Option 2:

Wp* potential health services needed per sizeoplifation * kWh/kWplyear

Since distribution of these health institutionsion-electrified areas is not known,
percentage of all rural population is consideredasential (i.e., 85% of the populatio
in woredas are considered for the estimation)

=

Capacity of health institutions —
e 1 health center for 25,000 people
* 1 health post for 5,000 people

e 1 health station for 10,000 people
(Source: Ministry of Health based on 2002/03 diat$

Since information on the number and type of heaistitutions at woreda level is not
obtained, technical potential of scattered solar $38tems for rural health institution is
estimated using the methodology indicated in Op&am Box 2.3 which considers number of
potential health services needed per size of ptipata

Table 2.4: Technical potential of scattered soMrsistems in health institutions at national

level
Potential Health Service Technical Potential for scattered PV systems
Coverage (number) in rural health Institutions (GWh/year)
Health Clinics Health Posts Health Clinics Healdsi3 Total
5614 11228 3.24 3.0 6.24

The national potential of solar resource for PVteys for rural health institutions is
estimated to be 6.24GWh/year. Technical potertimation in each woreda is indicated on
the GIS map attached.

1 Health and Health Related Indicators, MinistryHefalth, February 2004.
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Potential of PV for Rural Health Centers at Wereda Level
in MWh/yr
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Potential of PV for Rural Health Posts at Wereda Level
in MWh/yr
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C) Schools

Electric energy to support education is of pararhdmportance. However, just like rural
health institutions, availability of power in rurathools too is almost nil. Typical power
requirements for a rural school electrical appitwad include lighting for evening classes and
staff's quarters, study rooms such as libraries;heg aid equipments like TV sets and signal
receivers, VCR and radio/cassette players. Oneldmaie that this estimation could vary as
the size and number of electrical equipments in s&elents and staffs significantly differ
from one school to another.

Electricity requirements for a primary school antligh/technical school are adopted from
“Renewable Energy for Rural Schools” and summariaedshown in the following table.

Annual electricity requirements are 177 kWh fomedsmtary schools and 490 kWh for high
schools and technical institutions.

Table 2.5: Electrical energy requirements for adgirural school

Appliance Primary school High/technical school
Loads Wh Loads Wh
Lights — compact fluorescent 5*20W*4h 400 5*20w*4h 400
Teaching aids
Radio 2*15W*4h 120 4*15W*4h 240
TV (21" B&W)
TV (21" color) 1*100W*40 400 2*100W*4h 800
VCR/Satellite receiver 1*30W*4h 120
Refrigerator/Lab. Equip. 500
Power tools/Workshop 500
Total per school per day 920 2,560
Assuming 20% lose (Wh/d) 184 512
Total per school per day (Wh) 1104 3072
Total per school per year (kWh)* 177 490
PV size needed (Wp) @ annual daily 409 1140
average radiation of 3.74kWhifday

* Total energy requirements for the year computedaily demand times 160 days per year (8
months per year and 20 days per month). 6]

Methodology

Box 2.4:- Methodology for estimation of technical ptential of PV systems for rural
schools

Assumptions:
* Only rural primary schools are potentials for P\éteyns as almost all secondary scho
are in electrified areas
* Only one section for each grade (from grade 1 to 8)
e 50 students in each section
* Only 400 students per school

Wp* number of primary schools needed for schoolragal population * kWh/kWp/year

ols
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In order to supply enough power for these end @rees solar PV in an area with a yearly
average daily irradiation of 3.74kWhifday is about 400Wp and 1140Wp for primary and
high schools respectively. The solar potential Rdf systems in the country as a whole for
powering rural primary schools is estimated to Be6GWh/year. Since data on number of
primary schools in Somali Regional State is notilakke, the potential of PV for rural
primary schools in the region is not indicated lo@ map.

Potential of PV for Rural Primary Schools at Wereda Level
in GWh#yr
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Data is not av ailable for Somali Regional State
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d) Religious Institutions

Significant portion of PV systems are being soldrédigious institutions in Ethiopia at
present. Main items that power is required for udels lights, loud speakers, and musical
instruments. Data on the number and distributiometi§jious institutions in the country are
not available to estimate the resource potentidiénsector.

e) Water Pumping

Water is the source and sustainer of life. A snstale supply of water both for domestic use
and agricultural purposes can be ensured by pumpirigivater from subsurface sources
whenever available. In most rural areas humans amichals obtain drinking water from

unprotected and contaminated surface waters ustralgling quite a long distance daily.

Still in many rural areas even contaminated surfaaters are hardly available within a day
long journey. Supply of water for irrigation purgssis mostly powered by the earth’s
gravitational force. In cases where pumped irragatis feasible solar pumps could be
considered up to a certain scale beyond which pifreat cost will be too high.

The power required to pump water either from sw@fac subsurface water depends on the
depth and amount of water delivered per unit ofetim\verage water requirements for
humans, livestock and irrigation purposes are knaith small variations depending on the
condition of the local environment. However, theathdrom which water is pumped from
varies from one place to another very greatly. Beeaof lack of data regarding the depth and
distance of water sources the solar potential fatewpumping purpose can be indicated on
the GIS map only in terms of yearly energy per metdiead.

For Domestic Use

Clean potable water is available only for 36% @f fopulation in Ethiopi& The remaining
64% of the population does not have access to chegier. The minimum World Health
Organization (WHO) standard for human water reaqnéet is 30 liters per day This
includes the amount used for self consumption ardgmal hygiene. Accessibility of water
either from bore holes or surface water body shdelcknown prior to determination of the
power required.

Methodology

Box 2.5:- Methodology for estimation of technical ptential of solar PV for domestic
water pumping

The solar resource potential per meter head foredtimwater pumping is estimated by
multiplying the size of population (currently witho access to clean water supply) |in
non-electrified areas by the volume of water perspe times the useful power. A
average efficiency factor of 50% is used for theolgtpumping system. The following
formula is used (64%*woreda population *Water regmient (11 riperson/year) *
Useful power (2.72Wh/f) * system efficiency of 50%) (or 73% * populatidf.015
kWh/m/year).

>

The estimation of the potential resource at a natitevel is calculated using: 64% *7|1
million * 11m%person/year) * 2.72 Wh/* * 50%.

12\Walfare Monitoring Survey, CSA, 2004.
3 Minimum WHO standard human water requirement ii¢&@erson/day (for consumption and
personal hygiene).
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The potential of the solar resource for domestitewsupply is about 680 MWh/m/year. If an
average of 50m pumping head is assumed, the tedtpatential will be 34 GWh/year for the
whole country. The potential in each woreda isdatid on GIS map.

Potential of PV for Domestic Water Pumping at Wereda
Level in kWh/m#yr
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For Livestock

Daily average water consumption per tropical ligektunit (TLU) is bout 40 liters/TLU/day.
This consumption level may vary depending on lasalironmental conditions and distance
that livestock travel in a day.

Methodology

Box 2.6:- Methodology for estimation of technical ptential of solar PV for livestock
water pumping

Solar potential per meter of water head is caledlais:

Total number of TLU * 14.6MTLU/year*Useful power (2.72Wh/frsystem efficiency
of 50%) or in short (total TLU*0.02 kWh/m/year).

This is calculated at woreda level and is indicatethe GIS map. This estimation assumes
delivering of water to livestock in their vicinityt avoids daily travel of long distance to the
water place.

For the country as a whole, the total solar engrgiential for livestock water pumping is
about 56 MWh/m/year. If an average of 50m heads&iaed, the solar energy potential for
water pumping becomes about 0.3 GWh/year for lo@stonsumption.

Table 2.6: Typical drinking water requiremefits

Type | Water Consumption
Domestic (People)

WHO recommended minimum 30 L/d
Average Use (Africa/ Asia) 45t0 85 L/d
Average Use (Europe/ South America) 250 L/d
Average Use (North America) 450 L/d
Livestock

Cow 40 L/d
Sheep and goat 5L/d
Horse 40 L/d
Donkey 20 L.d
Camel 20 L/d
Irrigation

Market gardening 60 tf/ha
Rice 100 nyd/ha
Cereal 45 riid/ha
Sugar cane 65 Hu/ha
Cotton 55 ri¥d/ha

14 Antonio C.J et al.
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2.2.2 Methodology of Assessment and Resource EstimatioorfSolar Thermal
Applications

A) Solar Water Heating (SWH)

Application of solar water heaters is cross settdraey can be applicable in any kind of
processing which involves water heating, boiling ateam generation.

i. SWH-Domestic Applications

The domestic application of SWH is basically foatieg water for hygienic applications. It
can be for bathing or washing.

Methodology™

Box 2.7:- Methodology for estimation of technicapotential for SWH for domestic
applications

1. Hot water requirement for bathing (shower) is eatid to be 20 to 25 liters per perspn
per day at 4%C.(Source: SIDA)

2. Assuming a family size of 5, the thermal energyuresyl to provide 125 liter of hot
water per day for bathing is about 3.5k\h/day (1270kW/hh/yr).

3. All rural and urban households are considered fetimation of total technical
potential.

4. Assuming 50% for system efficiency, the solar reseupotential is calculated as:
Total number of households multiplied by 2540k\Wiin/year.

Total technical potential for domestic solar wdieating is indicated at woreda scale on the
GIS map. The solar potential for domestic watertihgafor the country as a whole is
estimated to be 36TWh/year.

15 Source: SIDA
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Potential for Domestic Hot Water Requirement at Wereda
Level in GWhiyear
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i. SWH-Commercial/Business and Institutional Applicatbns

Commercial establishments where SWH could be agiglc include hotels, restaurants,
bathing or shower service providers, and laundtitst. water requirement for commercial
applications varies greatly depending on the simktgpe of businesses. Solar water heaters
do also have applications in health and educatiorsitutions to providing hot water for
cooking (pre-heated water) and for hygienic purpodée technical potential includes all
commercial establishments, health and educatiogétution particularly those with boarding
facilities. Since data on the number, size and tffpgervices provided by these institutions is
not obtained, it is difficult to estimate the solersource potential for water heating
applications.

iiil. SWH-Industrial Application

There is quite high potential for solar thermal laggions in the industrial sector. Often,
industrial processing mechanisms utilize energy dtsam generation, or heating air for
convective driers that will be used for range gblagations. In some cases greater percentage
of thermal energy requirements of industries candpaced by solar energy. In food and
beverage industries, most processes such as hedtyigg, washing happen at low to
medium temperature ranges (i.e. 30 t6G90which almost totally can be replaced by solar.
Textile and chemical industries, Tanneries and rsthise hot water and high temperature
steam. Solar water heater can be used to heat i@ twahe required temperature or pre-heat
boiler make up water for steam generation. Themna&rgy requirements of industries and
temperature ranges of the applications should loevianin order to assess the potential for
solar thermal applications. The following tableigades industries with high potential of solar
thermal applications.

Table 2.7: Industrial sectors and processes witlgtatest potential for solar thermal d%es

Industrial Sectors Processes Temperature RangéQ)
Food and beverages| drying 30-90
washing 40-80
pasteurizing 80-100
boiling 95-105
sterilizing 140-150
heat treatment 40-60
Textile industry washing 40-80
bleaching 60-100
dyeing 100-160
Chemical industry boiling 95-105
distilling 110-300
various chemical processes 120-180
All sectors pre-heating of boiler feed water 30-100
heating of production halls 30-80
Tannery Pre-heating of boiler feed water 100 owvabo

8 Untapped Potential, Werner Weiss
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B) Solar Dryer and Cookers — For crop drying, food preervation and preparation

Solar dryers do have applications in industriesveb as in agriculture. Drying is a common
process in most industries. Electricity or direotnbustion systems are commonly used to
heat up air which will then be blown on to matexitdat need to be dried up. Solar dryers can
partly replace the energy requirements of suchesystproviding the required result. In the
agricultural sector, literally all farmers use sotmergy in its natural form to dry up their
harvests (usually cereals) before taking themdoage. Drying can be made before or after
harvesting. However, for the most perishable prigllike vegetables and fruits, drying is
less widely used as a means of preservation fer tinsumption. Hence, significant portion
of farm produce spoils every year because of ldgireservation techniques. A solar drier
can be used for preservation of surplus productewhaintain the nutrition as it avoids
direct exposure of the food staff from the radiatio

Application of solar cookers is more appropriate fimod stuffs that do not need frequent

tending. They can be highly applicable for boillmgans, root type foods such as cassava and
potato, and variety of vegetables.
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2.3 Estimation of Economic Potential of Solar Resource
2.3.1 Solar PV
A) Grid Based Applications (Central Generation and BIR/)

In terms of price, electricity from PV currently far from being competitive to electricity
from the grid’. Comparison of electricity price from PV and thids not imaginable at this
stage. This, however, should not prohibit consititemeof grid based systems as a strategy of
laying the ground work for future applications. Gmarisons based on economic costs rather
indicate a different situation. Based on curretgrmational price of PV modules and balance
of systems, for embedded generation the econonsicofelectricity from PV will be around
ETB 6.28/kwWH® as compared to the economic cost of ETB 1.37/k\th grid (ICS)
electricity from EEPC®. Total cost of system (for modules and grid cotemdénverters)
about ETB 14 per peak watt is required for PV tmpete with the economic cost of grid
electricity’®. Perhaps this is a price which could never beeaeli. However, it is believed
that large scale production of modules and systmponents, efficiency improvement and a
major break through in technological innovation future generation PV modules, a
significant cost reduction could be realized in¢bening couple of decades.

Fig. 2.2: Price and Conversion Efficiency for PV Mdules (Source: IT Power Ltd.)
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Historical facts, current situations and recental®ries very much support continuation of
cost reduction as a consequence of technologicatowmement and economy of scale in
production and sales. As PV technology improvéisiehcy increases and hence there will
be cost reduction. Historical trends indicate that cost of PV modules have dropped down
from several hundred dollars per watt peak (Wgha1970s to about 4 dollars at present.

" Financial cost (levelized electricity cost) ofhécity from PV is about ETB 15.53/kWh and ETB
8.71/kWh for scattered (individual solar home systeand embedded generations respectively while
the average price of grid electricity for domestistomers for consumptions up to the first 100 kgvh
ETB 0.28/kWh.

'8 SWERA generated solar energy resources are usedlfwilation of costs throughout this document
unless specifically expressed. In this analysiatéonal annual average daily radiation of
3.74kWh/m2/day is used.

Y9 EEPC, Electric Tariff Study, Nov. 2005.

% The current financial cost for a complete PV systfer grid based application is above ETB 88.70
per peak watt which makes the cost of PV elecyrieitB 8.71/kWh (for embedded generation).
Market price for a module only (size above 60Wpyently is about ETB 65 per peak watt. Lifting all
duties and taxes from PV systems will help muctettuce the cost per kwh but it will still be much
higher than economic cost of grid electricity. histcase, the cost per peak watt for the complete P
system will be reduced to ETB 64/Wp, making cosgridl based PV electricity a little bit above ETB
6.28/kWh which is higher than economic cost of giiectricity by about 350%.
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Fig. 2.3: Solar PV, World Capacity (1990-2004) Soee: REW
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Production and sales of solar PV has been incrgasamatically since the late eighties. The
PV industry reached its first gigawatt of world auative production in 1999. By the end of
2004 total cummulative production had quadrupledoter 4 giga watt with an annual

production exeeding 1.1 GW.

Plans announced by major manufacturers for 200bided at least a 400 MW increase in
production capacity and several hundred megawattisefr capacity in the 2006-2008 period.
Production expansion is continuing aggressivelyadothe world and price too is reducing
considerablly.

Fig. 2.4: Projection of grow in capacity and redudbn in cost for solar PV (Source PIU 2004,
Rob Gross and Jake Chapmahn
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It is believed that this trend of cost reductiorll wbntinue as the technology has not yet
reached its maturity limits in terms of technol@icdevelopment. Projection of capacity
growth and cost reduction based on trends frome#rly seventies, indicate that cost of PV
will fall down below $0.50/Wp around 2025.

Current innovations with third generation PV arghtty promising for cost reduction. With
the third generation advanced thin film structuests below USD 0.5 per peak watt would
be likely; making PV compete head-on with conveamdioelectricity generation options.
Figure 5 shows the cost and efficiency domains tfer three generation of solar PV
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technology: (I) wafer-based, (l1) thin film, (IlBdvanced thin filff. Having seen the world
trend for grid based solar PV systems and the hdfethe technological innovation that
price will in a couple of decades become competitiith the current economic cost of grid
electricity, ETB 1.37/kWF. It is not, therefore, too early to think aboutdgbased PV

systems now.

Fig. 2.5: Cost/efficiency domain for three generatin PV technology
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Allowing for a modest increase in efficiency to 1686 modules available in the market with
a life time of 20 years and at discounting ratel@%o, grid based solar PV could deliver
electricity at an economic cost of ETB 6.28/kWh sidering the SWERA estimation of the
national annual average daily radiation of 3.74kwfday (1365kWh/kWplyear). It is
notable that the economic cost of electricity gatien from grid based PV could be as low as
ETB 4.52/kWh with a solar resource of 5.2kWhitay (1900 kWh/kWp/year), estimation by
CESEN. If cost reduction trend of modules and systemponents continues in the future as
expected, embedded generation with PV could compate economic cost of grid

electricity.

B) Off-grid application
a) Scattered Systems (Home Systems, Institutional PWater pumping, etc)

Off-grid applications of PV systems considerechiis section are scattered systems. Scattered
systems refer to individual systems that are ntiweléng electricity for clustered groups such
as households that are fairly close together iergaimn community or town. It rather means
individual systems that deliver power to a singid eser; it can be a household, an institution
or a community water pumping unit. Cost of eledyigeneration from PV (with a battery
storage) does not compete price wise to electrigégerated from a diesel genset which
delivers power to a community or town where endsisee clustered within a given area. A
well designed diesel genset system with a stanidard/oltage mini-grid distribution system

L Source: REW 2004
22 f price of modules reduced to $0.5/Wp, grid efieity could be reduced to ETB2.39/kWh at annual

average daily radiation of 3.74kWh/m2/day for tloeitry. With estimation of CESEN,
5.2kWh/m2/day for national average annual dailyatah, economic cost of electricity from grid
based PV could be as low as ETB1.70/kWh (Annex 8ést comparison of grid based PV).
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can deliver electricity at a levelized electrictiyst of ETB 5.67/kWH. This cost, however, is
affected by the price of diesel at duty point. Atrent price of PV modules and balance of
systems, PV SHS provides power at a cost of ETB3IEWh.

The electricity price from diesel genset will barewhat higher than the generation cost as
there will be additional profit margin and othekda. Electricity from PV, however, is not
affected by such factors and hence its price fofifié time is already determined when it is
yet installed. Though a predicted price from PV Idosometimes be considered as an
advantage, its current price per kWh is far frormgpecompetitive to electricity from diesel
gensets. It has to be remembered that gensetsdtiered generation, like powering a single
rural household, never competes with PV alternata® even the smallest genset would be
over sized by several folds.

The amount of power and energy required by scakterel users (i.e. rural households) is
usually very little. In the case of rural houselspldon-cooking energy is required to meet
basic needs like lighting and powering entertainntgvises such as radio/cassette players
and sometimes B&W TV sets only for few hours a deye total monthly energy needed to
power this will not exceed 5 kWh (or less than 10KWh most cases. Several studies
conducted in different parts of the country confitiis as well. Survey results under the
Ethiopian PV Commercialization Project (EPVCOM) icate that the monthly expenditure
for lighting and entertainment on the average isualieTB50 and ETB 30 for the surveyed
household¥. This is very much in line with the finding of tiséudy concurrently conducted,
the baseline survey, which indicates the abilitp&y ETB 47 per month for lighting for the
surveyed grou. A recent study on PV market potential study caned in Jimma under
GEF-UNEP funded project also came up with month{peaditure figure of ETB 75 per
month for lighting and entertainment for household®reover, it also confirms that most
households (nearly 90%) do possess two lightingtg8i The conclusions that can be drawn
from each of these studies is that the pre-elétibn energy consumption level of scattered
rural households is less than 5 kWh per month esathount expended could not buy more
energy with the technology available locally atgemet (kerosene lanterns, dry cell, etc). The
off-grid master plan study also indicates that dbout 85% of the households studied the
current daily energy demand does not exceed 70Wlisdpfor 4 to 5 hours a d&y the
overall average in fact is nearly 50W. Poweringhssimall scattered individual demands with
gensets could by no standard be price competitivieM alternatives. PV systems are ideal
solutions for such applications. Hence, comparigoRV has to be with traditional sources of
power, the ability and willingness to pay of thelersers. PV in fact is complementary in that
it fills the gap between traditional power sourddike kerosene, wood, etc) and grid
electricity. Customers ones started consuming nmodsrergy sources using SHS, their
demand will grow through time and their consumptievel could justify the high cost of
infrastructure for future grid connection.

On average, if a certain household consumes abddtVb per month using a SHS for
powering a couple of lights, a B&W TV set and rddassette players for 4 hours a day and

% Diesel price of ETB 4.78/liter is considered. Tisisleduced from a case study presented in Annex 2
where a diesel genset supplies power to a hypotietbmmunity of 200 households.

24 Ethiopian PV Commercialization Project, EthiopElectric Agency, Draft Final Report, Mark
Hankins and Melessew Shako, October 2004

% Baseline Survey

% Market Assessment for Solar PV Home Systems Cowiatiation in Jimma, Hilawe Lakew,

August 2005.

2T OFF-Grid Rural Electrification Master Plant, Dr&fnal Report, Rural Electrification Executing
Secretariat, IED, 29 March 2006
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30 days a month, the monthly payment would be aBdB78/montf®. This is within the
range that upper-middle class households are p&ginghting and entertainment devices as
indicated by various studies. End users in factldvbe willing to pay more for better quality
service&’. If the economic cost of electricity generationrnfo PV is considered (i.e.
ETB11.80/kWh) the monthly payment that a househaldld be paying is about ETB 60 per
month for a monthly consumption of 5 k#h

Table 8 below shows estimation of households’ igbith pay for various sizes of solar PV
electricity generation systems based on incomesapdnditure for lighting (Central Statistics
Authority)*.

Table 2.8: Comparison of current expenditure for Ighting by income and size of PV

systems
Income Group Less than] G1-(1000- 1400)| G2(1400- | G3(4001-9000)] G4(9001 and
(ETBl/year) 600 Low 4000) Lower | Upper Middle above) High
Middle
% of expenditure for 15 14 12 10 8
lighting +
entertainments
Current expenditure | Less than 12-16 20-30 50-80 100-133
for lighting 8
+entertainments
(ETB/month)
Replacing PV system -- Lantern (10Wp) 2 lights + | 2 lights +B&W | 4 lights+ color
(Wp) radio (20Wp) TV+ TV +
Radio/cassette| radio/cassette +
(70Wp) video deck
(150Wp)
Average cost of -- 1,200 4,000 7,500 16,000
system (ETB)
Expected life time of -- 10 20 20 20
system (years)
Electricity cost -- 19.0 20 15.50 11.30
(ETB/KWh)
Expected monthly -- 0.84 2.10 5.34 13.60
Consumption
(kWh/month)
Expected monthly -- 16.30 42 83 153
payment
(ETB/month)

The values in Table 2.8 are generated using tHen@tannual average daily radiation and
the current average installed price for PV systawalable in the market place. If economic
cost of PV systems is considered, there could btadu cost reduction between 20 to 30%.

28 Using solar resource estimation made by CESEN\@Zm2/day as national figure for annual
average daily radiation), cost of electricity woblel ETB13/kWh leading to a monthly payments of
ETB65.

29 study conducted by EEPColn dicates that custoarersvilling to pay more (up to 10%) for better
services.

30 with a solar resource of 5.2kWh/m2/day, econorist of electricity from SHS will be reduced to
ETB10/kWh making the monthly payment for a 5SkWh/miooonsumption ETB50/month.

31 Source: CSA, Revised report on the 1995/96 houdéhcome, consumption and expenditure
survey, 1998
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The cash market for SHS could be very limited Iha imarket size could include income
groups who spend as small as ETB 15 per monttedicfacilities are put in place.

Cost of electricity generation from various souriseigdicated in table below.

Table 2.9: Electricity Cost from Genset, Solar v &rid

Electricity Source Levelized Electricity Cost
Financial Economic
Diesel Genset* 5.67 5.68
PV - Solar Home System 15.53 11.80
PV — Embedded Generation 8./1 6.28
EEPCO (ICS) 1.3739
EEPCP (SCS) 2.2767
*analyzed at diesel price of 4.78ETB/liter

Table 2.10 shows variation of cost of electricigngration using a diesel genset.

Table 2.10: Cost of electricity generation agaprite of diesel (Annex 2)

Diesel Price Electricity Cost
(ETB/L) (ETB/KWh)
4.78 5.67
5.00 5.77
5.25 5.88
5.50 6.00
6.00 6.22
6.50 6.44
7.00 6.67
8.00 7.12
9.00 7.51

Rural Institutions

The consumption level of rural institutions likealte posts, health clinics and schools is still
too low to use a generator set as part load operatill not be economical. As indicated in

the section which deals with the solar PV potenitalthis sector, the monthly energy

requirement of these rural institutions is arouBBkWh, 28.5kWh, 27.6kWh and 76.8kWh

for health posts, health clinic, primary schoolsl dnigh schools respectively. It is not only

such low level of energy consumption that makesafigsBesel gensets uneconomical but also
the rate at which it is consumed is also very l@wtas distributed through out the day. The
choice of genset to provide such low power willdbgasoline genset which actually means
more fuel consumption, high fuel cost, frequentie@agmaintenance and short life time.

Unless there are other electricity energy demandhke vicinity which can also be supplied

from same source to justify economical use of laggnsets, solar PV will still remain to be

the most economical choice.

Water Pumping

Solar pumps are increasingly used for domesticlizedtock water pumping in rural areas.
Cost of water pumping using solar can be cost ctitiygeto diesel pumps depending on the
solar resource available in the location, pricfugfi and the power required for pumping.
Price of diesel gensets reduces per kW as the ibapdthe genset increases. Moreover, high
capacity gensets perform at higher efficiency tearaller ones. These two conditions give
advantage to diesel gensets in reducing costeiptwer required for pumping is high. In
such cases solar pumps could cost more than gies®ls per volume of water delivered.
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Considering an average price of diesel gensetsatipg at very good performance in a well
designed system, diesel pump can deliver wateess tost than a solar pump. Table 10
below compares cost of delivering 5%of water per day with a total head of 58m at two
different fuel prices and solar resources.

Table 2.11: Cost comparison between diesel and pokaps?

Source of Energy
Cost of Water Pumping Diesel Solar
ETB4.78/L| ETB6.00/L | 3.74kWh/Aday | 5.2kWh/rfyday
Financial Cost (ETB/r) | 1.38 1.54 1.70 1.35
Economic Cost (ETB/M | 1.39 1.58 1.37 1.02

For solar pumping to compete with a diesel pumipratliance of 3.74/Aiday, diesel price at
point of service must be higher than ETB7.20 ger.liSolar pump can deliver at less cost if
the solar resource in the location is higher. Hhparison is made in terms of economic costs,
solar pump can deliver water at less cost for § wéde range of applications.

2.3.2 Solar -Thermal

Solar Water Heating (SWH)

Well manufactured solar water heaters last for @&ry without needing much maintenance.
Cost of water heating using SWH is the most econahmeans of water heating.

Table 2.12:- Cost of water heating with solar whieater and electric boifér

Wood* Solar Water Heater (ETB/kWh) Electric Boiler (ETBVk)
(ETB/KWh) | @ 3.74 kWh/rfyday @ 5.2kWh/fiday Domestic Commercial
Financial Financial Economic Financial Econonjic dfinial | Economic| Financial Economic
0.88 0.56 0.43 0.40 0.31 1.05 3.02 1.20 2.46
* |nstitutional wood stove with an overall efficieyyof 50% is considered

The cost of water heating obviously is less in sigth high solar resources. For household
use and commercial applications, solar water heater cost competitive and the market size
is basically the technical potential.

In general, the market potential for solar PV féfrgrid applications and solar water heaters
is quite high. The problem is that PV and SWHs eapital intensive while gensets and
traditional power sources are operating expensnéite. Even though the cost per service
delivered (i.e. kWh or cubic meter of water) seemy attractive, these technologies at this
stage are beyond the reach of many potential u3édrs. primary reason for this is the
requirement of 100% upfront payment before acqgitime system - not dispersed in the life
time of the system. Therefore, the barrier padlyimancial. With appropriate and effective
financing mechanisms put in place, solar PV and SwilHindeed be cost competitive with
traditional and conventional means of energy s@ur¢arious types of financing mechanisms
and experiences of other countries that are suttdssdissemination of PV systems is
discussed in another section in this document. I&infinancing mechanism can be applied
for SWHs as well.

32 Analyzed for a system which pumps 54m3 of watélydeom at 58m head (See Annex-5)
¥ See Annex 4
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3 Wind Energy Resource

Until recently, wind energy resource developmens yparhaps the least of all renewable
energy resources that were given any attentiorthiofia. This is partly due to lack of focus
for development of renewables in general, and dise to the difficulty of locating an
appropriate wind site in a country with low windsoeirce. Therefore, information on the
wind resource potential and location of promisingdwegimes will help energy planners and
developers to consider the resource as alterniaiidans of supplying energy.

This study seeks to estimate the practicable piatenft wind resource of the country under
various scenarios using the SWERA generated wisduree data. Potential areas where
there are promising and accessible wind resourge baen identified and presented using
GIS maps. Wind energy potentials for the elecirigitid connection were also estimated at
regional level.

3.1  Wind Energy Resource Potential

Wind speed generally decreases as one moves figlmeratitudes towards the equator. The
energy transported to a higher altitude gets stoiag the latitude increases (i.e. as the area
decreases flow of energy density increases). Howvabe local effects might be quite
important - presence of geographic structures soigtintains, valleys and costal areas may
enhance wind speed. Ethiopia being located neaeduator, its wind resource potential is
very much limited. There are few promising windgas in Ethiopia located along side the
main east African Rift Valley, the North Easterrc@pment of the country near Tigray
regional state and the eastern part of the countear North east of the Somali regional
state).

Wind data has been collected and documented byMNdtMeteorological Service Agency

(NMSA) primarily for a purpose of aviation. Thistdas not of much use for estimation of

the resource as most of the met-stations do ndifgtize required standard for wind speed

measurements. Most of the met station measurerm@nigind speed were taken at heights
lower than the accepted standard of 10 m and csdémtere taken at just 2 m above ground
level. A national level wind resource potentialirestion has been done for the first time by
CESEN-ANSALDO Group in mid 1980s. This estimatioasmpurely based on theoretical

analysis with only very few ground data verificatioLow density of station measurements
could not allow a greater geographical resolutiod hence the estimation categorized the
wind regions in Ethiopia only in three very broaagps — an increasing gradient in wind

spee%from west to east with maximum concentratiesr Djibouti boarder on the Red Sea
Coast".

The figure below shows the regions with annual me&ard speed (and annual mean wind
energy density) estimated at 10 meters above griawvedl

3 CESEN-ANSALDO, Wind Energy Resources, Technicgbdte4, Ethiopian Nation Energy
Committee, 1986.
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Fig. 1. — Wind Regions of Ethiopia as estimatedBSEN-ANSALDO Group.

GULF UF ADEMN

SUMALIA

SOMALIA

KENTA
ULANDA

Region 1 :- less than 3.5 m/s (< 63Vfym
Region 2 :- 3.5 — 5.5 m/s (63 — 190 Wjm
Region 3 :- greater than 5.5 m/s (> 190 Wy/m
(Note that this map includes Eritrea)

The SWERA wind resource data was generated fronRIS©OE Model developed by the
Denmark National Laboratory at a resolution of 8lah50 m above ground level. Like the
wind velocity estimations made by CESEN, the acoyraf the SWERA wind data too
suffers from low density of wind measurement stegiased for ground verification.

Based on the SWERA wind resource data, a GIS mapgenerated to indicate the annual
mean wind power density of any particular locatiorEthiopia. The wind atlas also helps to
spot locations with good-to-excellent wind resosres a first estimation. Further ground
measurements might be necessary for verificationthef estimation when planning a
deployment of wind generators on a site.

3.2 Estimation of Technical Potential for Wind Resource

The energy output from wind is very much dependantwind speed. Estimation of the
resource is however not a precise art. Identificapf locations for wind energy generation
depends on several factors other than the speetheofwind. Physical accessibility of
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locations, proximity to electricity grid, exclusiaf designated areas such as national parks
and visual impacts on areas of outstanding beawysame of the factors that need to be
taken into consideration while estimating the po#twf the resource.

3.2.1 Methodology of Assessment and Wind Resource Estiman

For the estimation of the wind resource the metheed was a hierarchical approach to the
resource where unsuitable areas are graduallyredied. Starting with identification of the
resource at various wind categories, from pooixtzekent wind regimes, land areas available
under these categories were mapped irrespectibeaf land use. Further screening was
applied by eliminating designated and inaccessdnleas, applying environmental and
economic considerations, and taking areas with wpekd estimates above a threshold value.

The wind resource was categorized into seven wiadses as Poor, Marginal, Moderate,
Good and Excellent based on the mean annual wieeldsp(or the corresponding wind power
density) at 50m above ground le¥elThe wind classes range from poor to excellendwin
regimes identifying the land area of the countmgt thall under these categories. Areas with
wind resources below annual mean wind speed of /3.%mean power density < 50\Wim
measured at 50m above ground level are not corsides they are not economically viable
with current technologies.

i First Estimation

The first estimation considers the whole land arkethe country that practically fall under
various wind resource categories without excludiagd areas that could possible be
eliminated for reasons of accessibility, economacsenvironmental. This first estimation
provides the bigger picture of the country in terofidocating windy areas. The practicable
potential is certainly lower than the first estilatas more land will be eliminated with
further screening.

Areas estimated to have Moderate and higher (Glasgl above) wind resource are primarily
located in the highlands featuring a sudden changaititude from the neighboring land

masses. These areas are basically the escarpnmmgstiae Great Rift Valley extending to

the Southern, Eastern, North Eastern parts of thmtcy, and the Central highlands. The
strongest wind resource with energy density abd@ \&8/nf are located on the ridge of the
highlands in the central part of the rift valley.

% Note that there are three Classes of Excellend wiiegories (i.e. Class 5, 6 and 7).
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Fig. 2:- A GIS map showing wind resources of Ethiop (without excluding designated
areas)
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The wind resource classifications, Class 1 to Classare indicated by color-codes as
indicated in the GIS map abd¥e- Class 7 indicating the strongest wind regiorehEcolor-
code has an assigned range of values to reprasamalavind power density in W/m

Table 1: — Classification of wind resource and ext# of associated land areas

wind resource | Wind Wind power | Wind speed| Total Area
category Class | density @ 50m (m/s) | (km?
(W/m?)
Poor 1 50 - 200 3.5-5.6 564,606
Marginal 2 200 — 300 56-6.4 96,801
Moderate 3 300 — 400 6.4-7.0 42,935
Good 4 400 - 500 7.0-75 23,975
Excellent 5 500 — 600 7.5-8.0 6,529
Excellent 6 600 - 800 8.0-8.8 3,814
Excellent 7 Above 800 Above 8.8 | 1,715
Total area covered by Marginal-to-Excellent wind rejions | 740,376

The classification of the wind resource in termsaofhual mean wind speed and power
density corresponding to those shown in the resoorap are presented in Table 1 above.
Table 1 also shows the land areas of the countay thll under these wind resource

classifications. The land areas indicated in tidetdelow are gross areas without excluding
preserved areas. They include all land and watessesaincluding towns, national parks,

wood lands and priority areas of outstanding beauty

%8 The map also includes regions below Class 1 caggge. regions below 3.5m/s).
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The wind resource of Ethiopia is generally low. ob35% of the total area of the country is
even below Class 1 wind category (note that Tabébdve does not include wind regions
below Class 1 wind category). Poor wind regionaot nearly 50% of the total land area. It
can be concluded from this that it is only abou¥léf the total land area of the country that
has promising wind resource. The land area with &faie-to-Excellent wind region is nearly

7% of the total land area, of which the practicgid¢ential will be less due to exclusion of

areas designated for other purposes. Distributfomimd resource areas by regions is shown
in Table 2 below.

Table 2: — Regional distribution of wind resourcesinder various wind categories.

Region Wind Resource Category and Land Area Under Categorykm?)
Class1 | Class2| Class3 Class4 Class5 Clags6 s€la| Total

Addis Ababa - 42 277 207 - -- -- 526
Afar 67340 6,331 1,550 545 - -- - 75,766
Amhara 88659 12,578 2,357 1,687 328 -- --| 105,609
Benshagul 4528 -- -- -- - -- -- 4,528
Dire Dawa 552 665 286 - -- -- -- 1,503
Gambela 359 -- -- -- -- -- -- 359
Harar -- 2 32 109 108 143 - 394
Oromia 131865| 45,2579 26,832 14,794 3,352 3,492 51,71 227,307
SNNPR 40857 6,190 3,305 2,562 1,509 108 - 54,526
Somali 196571 18,946 3,209 524 80 -- -| 219,330
Tigray 33877 6,790 5,087 3,547 1,152 77 -| 50,530
Total 564,606 | 96,801 42,935 23,97p 6,529 3,815 8,71 740,376

The majority of land area with Good-to-Excellentnaiiresource region falls in Oromia
followed by Tigray and SNNPR. Wind resource potndif Class 7 category is found only in
Oromia.

ii.  Second Estimation
This second approach is basically an applicatioriuaher screening criteria on the first
estimation by eliminating preserved areas such a®hal Parks, sanctuaries and wild life

reserves, forest lands and water bodies.

Table 3:- Areas covered by forest lands, proteateds and water bodies

Area As % of total area
Land Use Km> | % of the country
Forest Land
Highland Bamboo 5,241 27% 0.5%
Natural Forest 11,524 59% 1%
Plantation 2,831 14% 0.3%
Total forest land 19,595 100% 1.7%
Protected Area
Controlled Hunting Areas 148,065 76% 13%
National Park 20,096 10% 1.8%
Sanctuary 2,197 1% 0.2%
Wildlife Reserve 23,399 12% 2%
Total of Protected Areas 193,757 100% 17%
Water bodies
Lakes 7,431 0.7%
Total of All > 220,783 19.5%

37 1t should be noted that some of these eliminatedsamay overlap and the total eliminated area
might be less than the sum of each individual area.
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Controlled Hunting Areas are not primarily desigmhffor their landscape values nor for
protection of wildlife - therefore may not verydily be particularly sensitive to the visual and
noise impact of wind farms. Hence, Controlled HogtiAreas are not eliminated as it does
not seem reasonable to leave out such significdantlye portion of the country’s resourceful
region. For lack of appropriate data in GIS forntatvns, settlements, historic sites and
monasteries could not be excluded. Regions under \Wimd resource category (Class 1) are

excluded as they are not technically and econolyitedsible with current technologies.

Table 3:- Estimation of wind resource excluding degnated and poor wind regions.

Wind resource Wind Wind power | Wind speed @| Total Area
category Class density 50m (km?)
(W/m?) (m/s)

Poor 1 50 - 200 3.5-5.6 538,810
Marginal 2 200 — 300 55-6.0 92,019
Moderate 3 300 — 400 6.0-7.0 40,304
Good 4 400 - 500 7.0-75 22,279
Excellent 5 500 — 600 7.5—-8.0 6,454
Excellent 6 600 - 800 8.0-8.8 3,646
Excellent 7 Above 8 Above 8.8 1,392
Total area covered by Marginal-to-Excellent wind regjions | 166,094

After eliminating designated areas and regions @drRvind category, the wind resource
classified under Marginal-to-Excellent categories astimated to cover a total amount of
166,094 krf of land. Exclusion of designated areas reducesisieable potential areas (i.e.
classified under Class 2 to 7) by 5.5%.

Table 4: — Regional distribution of wind resourcesinder various wind categories.

Redi Wind Resource Category and Land Area Under Categorjkmz)

eglon Class 1| Class 2| Class 3| Class 4| Class 5| Class 6 | Class 7 | Total
Addis Ababa = 42 277 207 - - -- 526
Afar 57,318 5,948 1,553 546 - -- -- 8,047
Amhara 84,881 11,966 2,322 1,678 328 - -- 16,294
Benshagul 3,996 - - - - - - 0
Dire Dawa 553 667 287 - -- -- -- 954
Gambela 317 -- -- - -- -- -- 0
Harar == 2 32 109 108 143 -- 394
Oromia 124,838| 41,911 24,626 13,14p 3,274 3,323 1,392 87,668
SNNPR 37,439 5,823 2,950 2,519 1,510 103 -- 12,905
Somali 196,734| 18,862 3,163 526 80 - -- 22,631
Tigray 32,734 6,798 5,094 3,552 1,154 77 -- 16,675
Total 538,810| 92,019 40,304 22,279 6,454 3,646 1,392166,094

Regional distribution of wind resources in termgaofd area coverage is presented in Table 4
above. The column for the total figures in Tableegresents wind regions with Class 2 and
above categories. Benshangul Gumuz and Gambelaf®edo not have a wind resource that
can be harnessed with current wind technologies.
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Fig. 3:- A GIS map showing geographic distributionof wind resources of Ethiopia
(excluding designated areas)
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White areas in Fig. 3 above represent excludedsateean be seen from this wind atlas that
Good-to-Excellent wind regions are located on tiiges of the highlands along the rift
valley. The wind resource potential in the westzart of the country is almost nil.

The actual practicable potential will still be léban the second estimation as areas unsuitable
for development for physical reasons (i.e., settlets, road sides, air ports, etc.) should be
further eliminated. Depending on the local condit® buffer zone of about 100m around
roads, rivers, railway might be needed for safefysons so that there is minimum risk of
anything falling from the turbine hitting traveler& 400m buffer zone around settlements
might be left so that the noise levels at the retatevelling places are likely acceptable. Near
airports a 6km clearance for radar could be satisfg.

In reality, presence of infrastructure like accesads and electricity grid-network coverage,
and availability of heavy duty cranes and trucks tfansportation and erection of big size
turbines, etc determines the actual feasible wistérgial. In general, areas including the 200
W/m? up to maximum are suitable for wind water pumpiaggas from 300 W/mup to
maximum is suitable for small home-size wind powgstems, and areas with wind power
density greater than 400 W/would be quite competitive for grid connected wpaiver.
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iii. Estimation of Wind Resource for Grid-based electriity generation

Electricity generation from wind for grid-based ®m basically refers to wind farms. For
technical and economic reasons appropriate winidmedor grid-based electricity generation
are those with wind density of 400W/rtwind speed 7m/s ) and above. Such wind regions
primarily occur on high terrains such as ridges mmugintain tops which are mainly located at
the edge of the highlands that form the great&fgtan rift valley.

The second estimation of the wind resource destrdi®mve does not take account of the
restrictions due to the availability of infrastrud such as electricity grid and road networks.
Grid-based wind electricity generation usually datavind farms of considerably big size
turbines. This requires availability of electriciyid network for connection and access roads
for transporting equipment to site to a reasonaldger distance. Therefore, potential wind
regions for grid based system should be the intéose of regions with Class 4 and above
wind categories, a certain buffer zone around tisting and anticipated high transmission
lines and all weather road networks. The overlappiintransmission lines, road networks and
wind resources will restrict the wind resourcelieri particularly in the short term.

Buffering roads and high voltage transmission liime25 km and overlapping them with wind

regions in Good-to-Excellent categories in the mdcestimation will give the total wind
resource regions for grid based electricity genamnat

Table 5:- Categories of wind resource favorable forgrid based wind electricity

generation.

Wind Wind [ Wind power | Wind speed @| Total Area Percent Potential for
resource Class density 50m (km?) windy land | Installed Capacity
category (W/m?) (m/s) (MW)

Good 4 400 — 500 7.0-7.5 15,175 1.3 75,875
Excellent 5 500 — 600 7.5-8.0 3,729 0.3 18,645
Excellent 6 600 - 800 8.0-8.8 985 0.1 4,925
Excellent 7 Above 8 Above 8.8 401 0.04 2,005
Total 20,290 1.8 101,450

At a national level, the estimation of land aredtatle for grid based wind electricity

generation adds up to be a little bit over 20,00ase kilometers. In terms of generation
capacity assuming an installed capacity of SMW gguare kilometé?, the total national
potential for grid base wind electricity system Iwlle about 100 GW. Assuming 80%
operating time for the turbines (i.e. the time thebines should be producing some power),
the total wind resource potential for wind regiowgh Good-to-Excellent categories is
estimated to be 10.6 million Tcal per year (890TY#r year). There are too many site-
specific features which such a method of resoustenation cannot take into account.
However the estimates can give a range of whatbegyossible.

3 This is a recommendation by SWERA internationairie
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Table 6:- Regional distribution of wind resources &vorable for grid based wind
electricity generation

Region Wind Resource Category and Land Area Under Categorykm?)
Class 4 Class 5 Class 6 Class 7 Total
Addis Ababa 207 -- -- -- 207
Afar 12 - - - 12
Amhara 1614 328 -- -- 1942
Benshangul - - - - -
Dire Dawa -- -- -- -- --
Gambela -- -- - -- --
Harar 109 108 143 -- 360
Oromiya 9074 1726 754 401 11955
SNNPR 1589 819 10 - 2418
Somali 271 19 -- -~ 290
Tigray 2299 729 77 -- 3105
Total 15175 3729 985 401 20290

Fig. 4:- Geographic distribution of wind resourcesfavorable for grid based wind
electricity generation.
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The wind map above shows all wind regions that lapewith a buffer zone of existing and
planned high voltage transmission lines and all teraroads excluding protected areas,
forest lands and water bodies as discussed abdSedond Estimation. The map also shows
that the grid and road networks matches well withhigh wind resource areas.
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3.3 Estimation of the Economic Potential of Wind Resoures

3.3.1 Mechanical Water Pumping Applications

Regions with Marginal and above wind categoriessaitable for development of mechanical
wind power for water pumping. The applications @ananical wind pumps are primarily to
lift surface and underground water for small sdalgation, domestic use and livestock
watering.

The total land area suitable for mechanical watenging applications amounts 166,094
square kilometers. The demand however may not maiiththe wind resource area. This
will further reduce the resource that can posdieleleveloped.

3.3.2 Small Home-sized Wind Electricity Generators

Rated power output with home-sized wind turbinemyes between few hundred watts to 10s
of kilo watts. Moderate-to-Excellent categoriesadfid regions are suitable for generation of
electricity using such wind turbines. This corresg®to wind regions with annual mean wind
speed starting from 6.5m/s measured at 50m heigte. tower economics for small wind
generators usually makes sense when the heighedutbine hub is between 15m to 25m.
Any additional gain of electricity by increasingethub height above this range would not be
economical. Therefore, wind generators can be densil if the available wind speed at hub
height is around 5m/s. Recent wind technologiesergdneration of power possible even
with wind speeds as low as 3.5m/s (Cut-in wind dpe¢ the hub height. Power generated at
such low wind speed only overcomes the power lasesed by a long wire run or the
internal voltage drop of the system. Operating wépeéeds at low annual wind speeds does
not make electricity generation competitive witke #iternatives.

Based on the wind resource estimation made in@gedt2.1 (ii-Second Estimation), the land
area suitable for home-sized wind electricity gatien includes regions with Moderate-to-
Excellent wind categories. This amounts to 74,@yase kilometers of land.

The price per kwh of electricity from wind cannainepete to that of grid electricity. In good
wind regimes wind electricity could be a cheapéerahtive to solar PV or diesel genset in
terms of investment cost as well as the cost aftrebity generation.

The graph below shows a cost comparison of a 1kwd wirbine (BWC XL.1¥, solar PV
system and a diesel genset generating equal ambetectricity per year. It shows what the
Life Cycle Cost of the systems would look like ifual amount of electric power is generated.
The comparison assumes standalone systems. AesBppéad Sheet Mod®lvas developed
to determine the annual power that can be genefaiadthe BWC XL.1 wind generator at
various annual mean wind spe€ddhe cost of Solar PV systems and diesel gensets w
calculated for the corresponding equal energy dutpu

39 BWC XL.1 is a 1kW home-sized wind generator maotufeed by Bergey Windpower. See
manufacturer’s information for the power curve fpenance at various wind speeds) in Annex 6.
“0 Annex 7 provides a guide on how to develop andamsExcel spread sheet model for Analytical
Calculation of Wind Turbines Performance using ahmoean wind speed and the power curve of a
wind turbine.

1 See Annex 8 for the calculation of annual enengypot.
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Fig.5:- Life Cycle Cost (LCC) for generation eledtcity from solar PV, wind and diesel
genset.

Life Cycle Cost for Generation of Electricity from Solar PV,
Wind and Dieslel Genset
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The above graph corresponds to BCW XL.1 wind geaneg@erformance, solar PV modules
and a 3 kW capacity diesel genest (the smallestata in the market). These sizes are
selected to represent small stand alone home sy&ieergy generation with the Solar PV
system assumes 5 peak sunshine hours per day dieitel price of ETB7/liter was
considered as a reasonable price in remote offayed&’.

In the above example, the LCC for the wind generdimes no change much for various
output levels. Subject to the available annual meiail speeds the annual energy that can be
generated from a wind turbine varies. The same \garttrator can generator more energy at
high wind speeds without incurring much cost on $iystem. Since this is a standalone
system, it is the cost of the battery bank thatesake change in the LCC.

Fig. 5 above provides an indication to the requaegital and investment cost in the life time
of a wind generator, solar PV and diesel genseC o€ wind electricity generation system
can be the most capital intensive means of elé@gtrgeneration if operated in low wind

regions. It can also be the cheapest alternatitégimwind areas.

The Levelized Energy Cost (LEC) for the above exanip presented in Fig. 6 below.
Operating in annual mean wind speeds less than/4.BWC XL.1 wind generator costs
more for kWh of electricity generated compared toeo alternatives such as solar PV or

diesel gensets. At higher wind speeds, wind eldtstrbecomes the most attractive means of
power generation.

42 See Annex XXXX for calculation of LCC and LEC
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Fig.6:- Levelized Energy Cost for Solar PV, Wind ad Diesel Generated Electricity.
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3.3.3 Grid based Wind Electricity Generation — Wind Farms

This section primarily refers to the wind resouesilable for development of wind farms.
The size of individual wind generators that areallguconsidered for medium to large size
wind farms have rated power outputs that range fimmhundred kilo watts to mega watts.
Optimal size of each individual turbine is deteredraccording to factors such as access road,
crane capacity, and local experiences for routi&O

The land area with a wind resource that is suitémewnind farm development in Ethiopia
amounts to 20,290 square kilometers. As describeBection 1.2.1.iii above the total wind
resource potential for grid based electricity gatien is estimated to be 10.6 million Tcal per
year (890TWh per year).

Financial analysis was developed for a hypothetigatl farm composed of 20 turbines using
RETScreen software. The size of turbine units vesrdhined using the suggestions made by
Lahmeyer International, from their experience ie feasibility study conducted for Wind
Park Development in Ethiogfa Enercone-48 model wind turbine with 800kW ratesver,
50m hub height and 48m rotor diameter was assumttdsi example. The total plant capacity
is 16MW with expected life time of 25 years. Theess assumed to have an annual mean
wind speed of 7.5m/s (i.e. 500WimBased on Rayleigh wind distribution (i.e. shégetor,
k=2) the annual energy that can be delivered ftoenvtind plant is 32,872MWh. The energy
generated by the wind farm would help reduce thergncost that thermal generators would
have consumed to generate same amount of electi¢die model further assumes an 75%
match for displacing use of thermal generatorsotirer words, the avoided energy cost is
75% of the energy generated by the wind turbinas would have been produced otherwise

“3 Feasibility Study for Wind Park Development in itfia and Capacity Building, Mesobo-Harena
Wwind Park Site, Part | & Il, Final Draft Report, lumeyer International, June 2006
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by thermal generators. See detail inputs such sisagsumption, dept/equity ratio, inflation,
etc. in Annex 9.
The table below shows the output of RETScreen mfmtdinancial feasibility indicators for

the project.

Table 7:- Summary of Financial Indicators

Financial Feasibility

Plant Capacity kW 16,000
Energy generated MWh/yr 36,872

Initial Plant Cost ETB 246,801,052
Cost per installed Capacity ETB/KW 15,425
Energy production cost ETB/KWh 0.638
IRR % 13.5%
Simple Payback yr 11.4
Year-to-positive cash flow yr 114

Net Present Value - NPV ETB 40,216,613
Annual Life Cycle Saving ETB 4,430,588
Benefit-Cost (B-C) ratio - 1.54

GHG emission reduction cost ETB/tcoz -4,723

In this example the firm energy production costrfravind is ETB0.64/kWh. Compared to the
generation cost of electricity from hydro basedt@ays, ETB 0.36/kWh, wind electricity is
not financially feasibl&. However, if the wind plant is considered to dig@ certain
percentage of electricity generation from the trarpiant whose energy production cost is
ETB 0.96/kWh, wind electricity can be considerechdgasible alternative. The benefit from
carbon financing is actually a loss as the netruaafor the up-front and periodic cost
exceeds the revenue that can be obtained from aladestified emission reductions.

4 Average firm energy generation cost for hydropoarea thermal systems are ETB 0.36/kWh
(EEPCO) and ETB 0.96/kWh respectively. (Source: EBP
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4  Potential barriers for wide-scale dissemination osolar and wind energy
technologies

About ninety nine percent of rural households irhidtia are still without access to
electricity. These households depend on inefficemd polluting energy sources such as
biomass for cooking, kerosene and wax-wick for tiigjn Renewable energy technologies
could have bigger roles to play if proper consiterais given to them. In spite of high
upfront costs and absence of a market infrastractBolar Home Systems have become
increasingly attractive in terms of providing réle and high quality service compared to the
traditional sources of energy. The market for resi@e technologies is huge but the market
infrastructure needs to be developed if this hugfential is to be addressed. Currently there
are a number of market barriers that deter a widéesdissemination of solar and wind
energy technologies in Ethiopia. The major barriars technical, capacity, information,
economic/ financial, institutional, and policy.

Technical barriers:
* Lack of locally developed adapted technologies filhatith local conditions
* Lack of training facilities
* Lack of maintenance facilities
* Absence of national standards for solar and wiretgn

Capacity barriers
* Inadequate technology development and adaptatisacis
* Weak technical expertise
* Limited participation of private sector

Information barriers

* Lack of successful pilot projects that can showlibaefits of solar and wind energy
technologies to be replicated

* Lack of awareness about the positive economic lgenldng-run) and environmental
impacts of solar and wind energy technologies

* Lack of awareness media programs
* Inadequate dissemination efforts
* Missing or inadequate feed back mechanism

Economic/financial barriers

* Abject poverty and therefore lack of affordability

* High product cost (due to lack of scale)

* High cost compared to competing technologies

* High payback period

* Financing difficulties due to the absence of tagdeatredit facilities for supplier, end-
users

* Absence of development activities to reduce prafesich technologies

* High interest rate

Institutional barrier
* Lack of horizontal and vertical cooperation amomgfitutions
* Institutional inadequacies at all levels

Policy Barriers
* Absence of solar and wind energy development glyate
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* Absence of national direct and indirect supporgpams
* Competing products subsidized
* Environmental laws not strictly applied

These barriers not only reduce the size of the etabt also reduce the economic
potential by swelling the cost of the technologyheTactual size of the market for
renewable technologies to a greater extent depemdfiow well these barriers are
addressed. Awareness of the benefits and impacielaf and wind energy technologies
by final consumers and promoters, building techréepacity of local technicians and the
market infrastructure, putting appropriate finaigicmechanism in place and providing an
integrated barrier removal approaches through paligports will have a vital impact in

realization of the full size of the market for te@echnologies.
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5 Review of national energy policies and strategies

Energy is a key input for economic and social dguelent. This means the development of
energy policy must be guided first by the principté the national economic policy and then
it has to be consistent with sectoral and multt@@d policies. Policies that have direct

impact or that are directly impacted by energygoinclude policy on national resources and
environment, policy on science and technology,gyotin water resource management, and
policies on health and education.

The National Economic Policy, November 1991

The National Economic Policy was issued in 1991hisTpolicy set the principles for all
sectoral and multi-sectoral policies drafted sinédthough the Economic policy is fourteen
years old and its contents may need revision, asicbprinciples still apply. The policy
shifted the role of government in the economy frame of centrally planned and executed to
one that is market based and private sector led.

» The policy also gave stress to peoples’ partiojpain development. This indirectly
brings the issue of decentralization in the develept process (which was later taken up
as a key development strategy and democratizatmeceps).

» Mobilization of external resources was also addmss the policy. This stemmed from
the recognition that internal resources would ndfice to bring the required rapid and
sustained development.

The Rural Development Strategy, November 2001

The Ethiopian economy is based on agriculfdReroductivity and outputs in agriculture are
low. These two basic facts lead to the concluthan productivity in agriculture must be
increased rapidly to ensure then enhance theHmed of millions. Rapid transformation of
the agriculture sector will also benefit the indizgtand service sectors through direct
linkages to them.

The goal of the Rural Development Strategy (RD$)ésefore enhanced productivity in
agriculture. The following are the main strategaEntified to achieve this goal:

= Agricultural intensification,

= Agricultural diversification,

= Agro-ecologically optimized land use,

» Irrigation, and

= Application of labor-intensive technologies

The strategy recognizes productivity and outputpedd on inputs and markets. This
recognition has led to the formulation of strategi®r development of the physical
infrastructure and to improving access to finarioaniprove access to agricultural inputs and
to markets).

Energy is recognized to be an essential rural stfuature. The strategy explicitly addresses
the issue of rural electrification and proposes iRlplementation by both the public and
private sectorsSolar and wind energy are specifically addressed ithe strategy as
potential alternatives for rural electrification (p. 231) The strategy pointed out that the

45 Agriculture constitutes 50 percent of GDP and his base for the industry and service sectors. More
importantly, 85 percent of the population derivedivelihood from agriculture.
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participation of the non-government sector wouldcbgcial in the application of solar and
wind energy in rural areas.

» The strategy also underlined the fact that the ggegd communication and information
infrastructure cannot be run without electricifjhis means that in many cases electricity
infrastructure may have first priority.

» For the traditional energy sector, the strategyppses sustainable resource management
and utilization.

The Natural Resources and Environment Policy (1994)

In relation to the energy sector, this policy raisiee issue of biomass energy sustainability.
The policy assessment has identified non-sustaraiploitation of biomass resources as one
of the key issues for policy. Non sustainable eitation of forests for fuel is indicated to
have contributed to erosion, degradation of watkaity and loss of biodiversity.

The inter dependence of the biomass energy systentha agricultural production system is
recognized. The negative manifestations of theafisggricultural residues and animal dung
for energy are indicated as contributing to sottieat loss and declining productivity.

The policy recommendations for mitigation of thenssustainable biomass energy use
include:

* Production of woody biomass on farm and homestaadi pon private wood lots,
« Distribution of improved biomass stoves,
* Provision of substitute fuels for biomass,

Science and Technology policy, 1993

The objective of the policy is capacity buildinggeneration, development, use and
dissemination of appropriate technologies to cbatd towards national development goals.

Rationale and efficient utilization of natural resces (with respect to biomass energy
utilization) is addressed in the policy. Widersgisination of renewable energy technologies
is also recommended.

The amended I nvestment Proclamation (No. 116/1998)

The Investment Proclamation governs internal anreal investment in Ethiopia. The
general investment regulations apply also for thergy sector. However, the power sector is
dealt with particularly in the Proclamation whergeign investment is limited for certain
power generation facilities:

» Electricity generation from sources other than bpdwer is reserved for the government
and local developers. Development of non-hydratgldarger than 25MW is left to the
government while those below this are left for lttheal private sector.

= The government remains the sole operator of themaltgrid

= Electricity generation from hydropower is open ftottblocal and external developers
without limit on capacity.
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The National Energy Policy, 1994

The goal of the energy policy is the provision efiable and affordable energy for national
development. The link between energy and developraad the issue of environmental
sustainability were recognized by the policfhe general policy direction was towards a
least-cost, indigenous resource based and enviratalte sustainable development for the
energy sector.

The policy has addressed issues of energy resaleeelopment, energy supply, energy
conservation, environmental sustainability, redeaned development, and institutions. The
following ten policies are the core on which seakgolicies were based:

1. To enhance and expand the development and utilizadf hydrological resources for
power generation with emphasis on mini hydropovesretbpment.

2. To promote and strengthen the development and eatjo for natural gas and oil;

3. To greatly expand and strengthen agro-forestrynarog;

4. To provide alternative energy sources for the household, industry, agridture,

transport and other sectors;

To introduce energy conservation and energy sawviegsures in all sectors;

To ensure the compatibility of energy resourcesettgpment and utilization with

ecologically and environmentally sound practices;

7. To promote self-reliance in the fields of techniddad) and scientific development of
energy resources;

8. To ensure community participation, especially thetipipation of women, in all aspects
of energy resources development and encourageattieipation of the private sector in
the development of the energy sector.

9. To stage popularization campaign through mass meslieg various national languages
to create awareness among the general public acidiate makers regarding energy
issues; and,

10. To create appropriate institutional and legal freumiks to handle all energy issues.

ou

The policy priorities were hydropower developmentt the power sector, energy efficiency,
and transition to modern energy services for theshbold sector. These objectives were to
be met through wider private sector participatiod avithin the principles of environmental
sustainability.

Policies on solar and wind energy are addressethénpolicy under “Energy Resource
Development.” Two policies were stated:

= Solar and geothermal energy will be used, wherpussible, for process heat and power
generation [6.1.3 (1)]

» Ethiopia's wind energy resources will be developedgrovide shaft power for water
pumping and irrigation [6.1.3 (2)]

The rural electrification strategy, 2002

The strategic goal (development goal) of the siate stated as reducing poverty. This is to
be effected with the delivery of rural electrificat by stimulating economic activity and
improving access to better social services. Relgddtrification is expected to

» Improve the productivity of rural productivity acities,
* Improve access to better social services (commtiaicavater health, and education),
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» Reduce environmental impacts,
» Promote private sector participation,
= Extend services to previously under served nomaaticpastoralist population.

The strategy proposed three basic rural electtifineapproaches: grid extension by the
public utility (EEPCO), private sector led off-grédectrification, angoromotion of new
energy sources

Photovoltaic based electrification is recommended ifolated and dispersed electricity
requirements. It is recognized that PV can meetgnrequirements from the household,
commercial and social sectors cost effectively.e Blrategy underlines that for successful
dissemination of the new energy sources three lastors have to be fulfilled: capacity

building for promotion of these sources, afforddiriance, and cost recovery tariffs.

A new institutional framework is recommended fofieefive implementation of the strategy.
The main recommendation was the setting up of a Raval Electrification Fund (REF) to
direct the operation of the off-grid part of theas¢gy. The functions of the REF would be
promotion, financing and technical assistance Bfafl rural electrification projects.

Rural Electrification Fund Establishment Proclamation (Proclamation no. 317/2003)

The Rural Electrification Fund (REF) was establisbased on recommendations of the Rural
Electrification Strategy. The non-government seéorecognized to be the main actor for
off-grid rural electrification. The Fund is eslished to promote private sector participation
through the provision of accessible finance antin@aal assistance.

The Fund is overseen by a Rural Electrification a@&EB) and its day to day activities are
carried out by the Rural Electrification Secrete(RES). The Fund will be financed partly
from the Ethiopian government and partly by extedmmors and lenders.

The REF proclamation states thptiority will be given to electrification through
renewable energy sources

The Draft Rural Energy Strategy, 2004 (not in effect since not approved by the
government)

A rural energy strategy has been drafted by the[REin 2004.  This is an example of a
sectoral strategy only partially based on the enepglicy. This strategy analyzed

development policies and strategies, including Bheal Development Strategy, and other
cross-sectoral policies in some detail. There wae stakeholder consultation on the
strategy as well.

For Rural Electrification, the strategy recommesdkar and wind energy for “decentralized
mini-grid” and “auto-generation or home” systenfistecommends

» Helpful regulations for the import and distributiohsolar and wind energy technologies,

and
» Technology transfer for production of solar anddvémergy technologies
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Shortcomings of the energy policy

The rural sector is omitted in the policyThe greatest drawback of the policy is its total
disregard to the rural sector. Rural areas areioresd only once in the policy document and
only in relation to “appropriate rural transportheologies.” This flaw has made the policy
analysis overlook resources and technologies tbatdibe suitable in the rural setting. If the
rural energy sector was analyzed in some detad, rthes of solar and wind energy in

delivering key services would have been brought out

The policy was not based on detailed needs analy3ise policy makers seem to have
followed a top down approach where little demanalysis was made at sub sector level (for
example the rural sub-sector). Such analysis wbakk shown the specific demands that
would be best served with small decentralized satarwind systems.

Some policy statements are imprecise where “altéved encompasses diverse resources
and technologiesThe policy considers solar energy for thermal podier uses. However,
this policy statement seems more related to gewidlethan to solar: process heat (unless as
pre-heating) is not usually considered feasiblehwdblar energy; and the term “power
generation” is usually applied for large-scale popmjects.

The policy was formulated based on inadequate mébion Wind energy is proposed for
mechanical applications only. The role of wind rgyewas limited to mechanical power
because the available data at the time indicated speeds to be below 5m/s for all parts of
Ethiopia. This is an example of policy made ondeguate information; had some of the
information available now was available at the twiad energy would have been proposed
for electrical power as well.

No strategies were set for private sector partitipa Another failure of the policy is its lack
of strategies for its policy statements (at leasindications). For instance, although private
sector participation (and incentives) is statec amajor policy there is no indication in the
document how this may be achieved. This issue thednext, that of financing, are
interrelated: the main reason for private sectotigpation is to mobilize private resources to
reduce government budgetary burdens.

Financing was overlookedResource mobilization, and specifically finameebilization, is a
critical issue for any sector development. Théuéeshas however not been addressed at all in
the policy.

The international context was overlookedssues such as oil supply, foreign investment,
globalization, and regional trade have not beemaalely addressed. These international
issues change constantly and there is a need ¥@iae of the policy to address current
realities.

Current concerns were not reflecte@overty eradication is the single most importggnda
for action for the government. The role of energpoverty reduction should be addressed in
some depth. However, at the drafting of the pdiieyissue had not come to the forefront.

There was no comprehensive framework for polick full assessment of policy issues

requires a good framework for analysis. This se&nkave not been in place when the
policy was drafted. Policy is the outcome of polayalysis, stakeholder consultations, and
policy formulation. Policy analysis in particulaequires problem definition, demand and
supply forecasting, scanning of external environtiglentification of alternative courses of

action and systematic evaluation of alternativéle Ethiopian energy policy seems to have
not followed such a systematic framework for anialys
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Strategies for policy implementation were not depetl after the policy Policies are
formulated with certain assumptions and expectatioh the future (both internal and
external). However internal and external factoes/rdevelop in ways not foreseen by policy
makers at the time of policy formulation. This megolicies have to be revised when
significant changes occur on their basic assumgtioin regard to the Ethiopian energy
policy, a number of important changes have occusiede 1994 including poverty reduction
as the main goal of government, political and ecoioaecentralization.

Renewable energy strategy

The discussion above clearly shows that there égl rier a new energy policy. The new
policy must go through the complete policy managemm@ocess: policy process design,
analysis, formulation, stakeholder consultation,plementation, and monitoring and
evaluation. The policy analysis must address:

» Energy demands separately for rural and urban areas

= All available sources of energy including solar avidd energy,

» The external environment (energy security and macomomic stability, regional trade)
» The role of energy in poverty reduction, and

» Resource needs, including finance, for policy impatation.

Sectoral strategies usually stem from energy mdisince the rationale for a sectoral strategy
depends on its potential contribution to meetinticgggoals. In the Ethiopian context, since
there are serious gaps in the Energy Policy thee®ahle Energy Strategy cannot be based
on the existing policy. On the other hand, sinbe policy process from initiation to
implementation can take over two years, the dmgftf the strategy cannot wait for the
revision of the Energy Policy eithefror this reason a compromise solution would be to
draft an interim renewable energy strategy now. Solar and wind energy will have a
central role in this Renewable Energy Strategy.

Development of a renewable energy strategy is @eitie scope of this assignment. A brief
outline of the goals, rationale, challenges fordtrategy are provided below.

Goals for the revised energy policy

The goal of the existing energy policy & least-cost, indigenous resource based and
environmentally sustainable development for therggnsector. The policy goals for the
revised energy policy may be summarized with tHieiong:

a. Poverty reduction

= Economic and social development
Energy security (macroeconomic stability)
Sustainability

Governance (including decentralization)
Economic efficiency

Effective energy institutions

~oooCT

Rationale for the renewable energy strategy

The rationale for the Renewable Energy Strategyd (solar and wind energy) is that
renewables will contribute directly and significignto five of the six policy goals: poverty
reduction, energy security, sustainability, govere and economic efficiency.
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Solar and wind energy vs. poverty reductiolm dispersed rural settlements solar and wind
energy will be the only viable (physically and ecomically) options for delivery of essential
services. These services include electricity fatew pumping, health institutions, schools,
and for the honté.

Solar and wind energy vs. energy securiyolar and wind are indigenous resources. They
lower vulnerability to adverse external change$arigjing priorities at the international stage
where renewables are now in the forefront meansitdes have to build their capacity to
produce and use these technologies effectively.

Inclusion of solar and wind energy in significacale into the national energy supply mix
will ameliorate unpredictable shortfalls in suppty environmental and other factors. For
example, in the case of the power grid exclusiMeamee on hydropower will result in
shortfalls during particularly dry seasons.

Solar and wind energy vs. sustainabilitysolar and wind energy have considerably lower
negative environmental impacts than the conventisoarces they replace. Replacement of
kerosene lamps with PV home systems remove indolutants from the home, reduce fire
hazards and GHG, replacing diesel engines for ridigt generation and water pumping
reduce GHG.

Critical rural services such as water supply, igptdr health clinics and schools are
vulnerable to unreliable energy supplies due torpauysical infrastructure. Roads are
impassable during the wet season, this means éligkedy cannot be relied on. Decentralized
energy service technologies like solar and windnsumt this problem.

Solar and wind energy vs. decentralizationSolar and wind energy technologies are
particularly suited for decentralized applicatiberefore decentralized management.

Solar and wind energy vs. economic efficien8olar and wind energy technologies are the
least-cost options for scattered rural settlemantscommunities. Replacement of petroleum
with solar and wind energy can save householdscangmercial establishments resources
they would use in other productive undertakings.

Challenges and actions for the renewable energiosec

The issues that need addressing in the renewallg\estrategy (and for solar and wind
energy) may be grouped into two:

a. Development challengeslate to two of the six policy goals: that of iraping access to
energy to reduce poverty and to ensuring energyrisechrough a balanced supply mix
with renewables.

In terms of poverty reduction impacts, the priorédyeas for solar and wind energy
application will be the social sectors of wateraltle education and communication in
rural areas. Solar and wind energy are the leasdtaptions for these services in many of
the scattered rural settlements in Ethiopia.

¢ These services are related to three of the MillenrDevelopment Goals (MDGs): reducing child matyal
improving maternal health, and universal primarycation.
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= The government should promote PV and wind energy for water pumping, PV
for solar water heating for health and education sectors, and PV for rural
communication facilities.

Improving access to electric lighting and audiasgismedia in the home extends the
working hour for adults and the time for learningdainformation for both adults and
children. This increases the productivity of thuerent generation and builds the capacity
of the next generation.

= The government should work towards mass disseromati PV for rural lighting
and audio-visuals.

In regard to the issue of a balanced supply mixgbees may be looked at the centralized
system level (the electric grid) and the decersealilevel. Large-scale deployment of
solar and wind energy in rural areas improves gugipkrsity at national level.

Supply diversity must also be ensured for the gtegrid. The generation mix for the
grid must be diversified to include solar and winkrgy (and other conventional and
non-conventional sources). Generation costs ftarsand wind energy are declining
while that for oil is increasing. Grid connecteiha may be competitive to oil based
systems at present, and grid connected PV will imeccompetitive within 20 years.

= The government should carry out feasibility studoegrid connected wind and PV.

= The government should pilot projects for grid cacted wind and PV to collect
resource and technology data as well as to builth&w and institutional capacity in
planning, building, and operating of such systems.

The institutional challengerelate to dealing with thanformation, financing, capacity,

and policy barriers. Effective energy institutions will regelthe capacity barrier (of

people, systems and institutions); the informabarrier (information gathering, analysis
and dissemination); the financing barrier (ratienalicing, incentives, affordable supplier
and user finance).

Capacity building is key to any undertaking. For the depehent of solar and wind
energy as well institutional and human capacity trhes built in policy and strategy
formulation, information management, planning, depment, operation and
management of systems.

= The government should build the capacity of onétin®n to manage renewable
energy development in the country.

= The government should work to enhance the capabdit this institution in
information management for solar and wind energyoteces and technologies.

= The government should build the capacity of stakkdne in the planning,
development, operation, and management of solamand energy systems.

Inadequatenformation leads to inappropriate policies, plans and act{ges discussion
of the energy policy). For this reason an adequétemation base must be set up for the
energy sector as a whole.

= The government should systematically acquire aralyae solar and wind energy
resource data for potential sites in the country.

= The government should continuously document the efathe art in solar and wind
energy technology.

= The government should disseminate information atimibenefits and costs of solar
and wind energy.
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Large-scale deployment of solar and wind energjussified in economic terms (for
certain applications and areas, of course). Howeheir high initial costs are a barrier
for a large section of potential users for usingnthand a barrier for suppliers to produce
or import them in economic volumes. The challeiggtherefore to provide affordable
finance for both suppliers and users of solar aimdi\wnergy.

= The government should provide affordable financedppliers.
= The government should facilitate the provisionfédraable finance for users.
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6 Financing Mechanisms for Wide Scale Disseminationf&olar Energy
Technologies

In the initial stage of renewable energy technoladgvelopment and dissemination,
information barriers (lack of awareness of new tedbgies at all levels), and technical
(technology know-how) barriers dominate. Followihgt, financial, institutional and policy
barriers become major limitation in realizing thil fnarket potential by hindering the market
penetration of the technologies. A sound strategyafwide-scale dissemination of solar and
wind energy technologies will need to addresshasé barriers.

The most important barrier to a high market petiemmeof solar and wind technologies is the
cost of the technologies. Renewable energy techyieddn general are considered to be more
expensive than conventional source of energy they tare competing against — such as
genset and grid electricity. This is mainly becausmewables are competing with
conventional energy sources in unleveled fieldaGahd wind technologies are not fortunate
enough to get the support mechanisms includingidytesnd well-developed infrastructure
that conventional energy sources are obtainingerBatities such as cost of environmental
impacts are not included in the pricing of energynf conventional fuels and technologies
that solar and wide technologies are competinghatydipfront cost of solar and wind energy
technologies in addition to the public perceptiowdrds these technologies make access to
finance difficult.

In order to address finance as a barrier for dgegpsolar and wind technologies, several
financial support mechanisms have been developadriga in many countries.

End-User Financing

The rationale behind end-user financing is to emdid large percentage of rural households
and business to access modern energy sources lihcoedjt schemes. It should be noted that
only very few percentage of rural end-users affeadar and wind energy technologies
through cash payment of the full upfront cost.

End-user financing discussed in this section isch#g to address financial barriers for
decentralized individual systems. It includes usiedividual solar or wind home systems for
residence or business without excluding commeraiadl cottage industrial application.
Financial support mechanisms in this case can beiged by making credit facilities
available for the capital cost of equipment or tlglo providing services for fee.

Traditionally, equipment suppliers provide credibr ftheir customers and it is the
responsibility of suppliers to supply a reliablenitrology as well as to ensure the collection of
the credit. Such method of credit scheme is caled-Purchase. Taking advantage of the
experience and strategic position of Micro Finalmstitutions (MFIS) in rural communities, a
third-party financing approach allows an end-useptirchase a solar or wind technology
equipment from a supplier through credit providgdabMFI. If credit is provided by the
supplier itself, collection of loan can be effectbdough MFI as an intermediate institution
for agreed amount of charges.
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Fig. 5.1: Hire Purchase Scheme

Supplier

A
=P Down payment
Solar or Wind energy
MFI equipment flow
A

% ! - - »Loan payment

End-User — Payment transfer

In hire purchase schemes, solar or wind energyntdoby user takes loan from a MFI (or
supplier) to purchase a system which he/she becomesr of the system after paying off the
disbursed loan. The main role of MFI in this caselisbursement of credit for pre-financing
of the systems and administration of the collectidhis should be seen by MFIs as an
opportunity for diversification of new loan portiol

In a fee-for-service scheme the solar or wind enéeghnology user will only pay for the
electricity service. The user will not be ownettloé system and hence does not need to worry
about the high upfront cost of investment (capdast) on the system. Energy Service
Companies (ESCO) can be electricity suppliers Isyalting systems and charging the user
only an agreed amount of fee for the electricitwise provided. Microentrepreneurs, service
cooperative or even MIFs can be ESCOs.

Figs.5.2:- Fee-for-Service Scheme
Solar/ wind Equipment Suppl‘er Bank/ Rural

I Electrification Fun ++) Loan from bank or REF
| ==p Payment to equipment supplier
"y - Solar or wind equipment installati
Energy Senvice Com(IJIany and/or after sales services
(i.e. Credit Cooperative) N Electricity service provision throug
A installed solar or wind systems

&I --- Fee for senic
End-User ==z ) L.oan repayment




Experiences of Asian and Latin American countrindidate that availability of credit
facilities increase market size of solar and wintkrgy technologies. Studies made in
Indonesia estimated that a fee-for-service optionldrexpand the market from less than 30%
for cash market to at least 70%. Figure xx beloemghestimation made by PV developers in
one Latin American market. The proportion of en@rasthat can afford solar PV under
different purchasing options suggests a tenfoldeiase over the cash marKet

Fig. 5.3: Proportion of end users that can affaldrsPV under different
purchasing option
4, Cash sales 33:—5%

Credit a5%—20%
Fee-for-service

18M—25%%

50% may not be able
to afford PV

MFIs in Ethiopia are mostly financing income gettiag business in areas which they are
familiar with. Most MFIs are not familiar with erggr technologies though few have some
experience in financing diesel-engine driven graiilling businesses. Solar and wind
technologies are still unknown to MFIs and are ta@sito finance them. Moreover, interest
rates to loan from MFIs are usually discouragirtghyh for solar and wind energy technology
adopters. MFIs in Ethiopia should reconsider thieinding policies diversifying loan
portfolios to include renewable energy systemis &lso an opportunity to make use of funds
available from government and other internatiomghaizations for environmental and rural
electrification where by loans with special inteneges (i.e. loan subsidy) could be available
for renewables. Lessons must be learned form M¥sthier countries that are successful in
wide-dissemination of solar and wind technologigadtidressing finance barriers.

Capital Subsidy

One reason for the seemingly high cost of renewab&rgy technologies are subsidies that
are available for conventional energy sources ampaid costs for traditional fuels. Solar and
wind energy technologies should also get subsidhefits in order to be cost competitive to
conventional fuels and achieve an increased maettration. If subsidies, however, are not
appropriately disbursed they may distort the maréetl could deter the commercial
dissemination of the technologies.

4" Renewable Energy for Micro-enterprise, NREL, Nobem2000
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Indian Experience

India has one of the most comprehensive renewatdegg program, which include
promotion of SHS. The support has been throughaamibsidy. In the initial stag
of the program the SHSs enjoyed a relatively higketoff. But the market wa
limited to the sales through the program as thegbudvailable for the subsidy wa
limited. The credit market could not also develxpcapital subsidy distorted the
market. In addition to this, very long and tiresoprecesses to claim subsidy dela
the disbursement which in turn retards the dissetiain rate.(Source: J.P.Painuly)

g)U)\UU)

<
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Subsidies linked to credit schemes available frorarfcing institutions like Micro-Finances
or Credit Cooperatives, could advance the comnleraieon and dissemination of solar and
wind technologies.

Sri Lankan Experience:

Uva Provincial Council, the least electrified prosg in Sri Lanka, set a precedent|in
2001 by re-allocating funds for rural grid extemsio subsidize solar PV system
The Province found it more economical to subsididar PV systems in partnershjp
with the private sector rather than funding the |@e\Electricity Board, Sri Lankar]
electricity utility, to extend the grid. The Proem offered a subsidy to off-gri
households to purchase a SHS. The companies signedgreement with th
Province to receive these funds once the systems w@d for the subsidize
amount and proof of installation was submittedmiost of these sales there was [an
involvement of an MFI to provide micro financing.v€ 5000 systems wer
installed in 6 months in the province under thikesne. Other provinces in Sy
Lanka adopted this initiative to follow on. With #hese initiatives a total of abod
25,000 SHS were sold in Sri Lanka.(Source: Gunajatn

| PN Y © R . [77)

= =.
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7 National Demand and Supply Assessment
7.1 Assessment of demand and supply

The objective of this sub task is to estimate areand projected demand for energy
at the national level for the long term (30 year3hree energy sector development
scenarios were developed to illustrate the Referelewelopment path and alternative
sector developments where solar and wind enerdyplay significant roles.

This task required assessment of demands and ss@tlaggregate national level. A
single framework of analysis is required for proj@e of demand, supply capacities,
resource flows and GHG abatement potentials. Tdregirange Energy Alternative

Planning (LEAP) model is used to make the demanidsapply assessment.

Overview of the LEAP model

Energy models are generally classified into theeepunting models, optimisation models,
and general equilibrium models. The difference agribhe models lies in how they deal with
energy prices. In accounting models, the effeenargy prices in market allocation for fuels
is considered outside the model while in the otle@ergy prices are considered inside the
models.

« In accounting models market shares for energyeraris determined externally from the
system. The analyst determines the potential efiéaelative prices among energy
carriers and he inputs this information into thstegn.

- In optimization models, energy prices determinek@aallocation for energy. In fact, the
objective function for optimization is often fornatéd as a search for the least-cost
option among alternatives.

« General equilibrium means equilibrium in producingdl as capital markets. This means
demand equals supply, i.e. product and service eteudtear (all producers provide their
products at the prices consumers offer). Genejailibrium energy models are used to
determine market-clearing prices for energy.

LEAP is an Accounting Model. It is a tool for eggrdata management as well as analysis.
LEAP uses process analysis to represent the ersygigm. In process analysis energy
demand, supply, and resource processes are refg@denletail in the system.

LEAP variables | Description

& modules
Basic Basic parameters set the scope in which the mquebtes. Basic
parameters parameters include

- Base year for analysis
- The projection period
« Energy units

« Currency

Key variables | Key variables are demographic and economic vasahised for
analysis of the energy system (such as Populatifmusehold size|
GDP). Instead of putting values for these varialitside demand or
transformation branches, the variables and thduregaare set once in
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Key Variables. These variables are then referreid the demand ang
transformation branches by name. This serves twpagses: first it
enforces consistency (for example, users won'dgégrent values fo
the same variable in the same scenario) and settosanplifies
analysis.

Demand In the Demand module energy demand is broken dowm sectors
sub-sectors, end uses, and end use devices. Atbeanbh, Activity
levels (which are social and economic variablas) specified and fo
the last branch (end use/technology level) finadrgy intensities are
specified. An example is shown below for the Hdwde sector

=

v

Households (sector) = 14 million
Urban (sub sector) = 15% of Households
Cooking (end use) = 95% of Urban Households
Fuelwood stove = 18%, energy intensity = 26 GJ/H-H
Charcoal stove = 25% , energy intensity = 7.4 Gd/H-
Kerosene stove = 55%, energy intensity = 5.8 GJ/H-H

Transformation | Transformation represents energy conversion, trasson and
distribution technologies in the system. Transfdiom analysis
involves grouping conversion and transportatioriesys into Modules
Modules are energy conversion sectors in the engygiem such a
power stations in the grid, oil refining or chartpeoduction. Each o
these Modules may consist of several conversiohntogies: for
example, the Electricity Generation module may stres Hydropower
plants, diesel plants or geothermal plants. Thesmvearsion
technologies are called Processes in LEAP.

)

Resources Resources are divided into Primary resources andr8ary fuels. The
requirements for resources is automatically gerdréty LEAP from
fuels consumed in the Demand branches and produiced
Transformation.

The type of data entered by the analyst in Ressurt#ude Reserve
(for fossil fuels), annual yields (for renewablesdsts of indigenou
production, imports and exports.

n

l°)

Basic parameters

The first task in energy system analysis is LEABIset the scope and units of analysis for
the study. As indicated in section 7.1, the manameters to be set are the base year, the
projection period, energy unit, and the currency.

a. Base year
The base year (the Current Accounts Year) is tlae fgr which demand, transformation and

resource data is input into the model by the ahalyghe data and structure of the energy
system in Current Accounts serves as the initiaitfor all subsequent scenario analysis.
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The base year must has as complete a datasetsBl@od-or Ethiopia, the year 1998/99 is
chosen to be the base year since that is thefgetre latest National Energy Balance. The
year is also far back in the past for any additiolza that may be required yet recent enough

to reflect current realities.

b. Projection period

For this particular assignment, LEAP is to be usethdicate the potential of Solar and Wind
Energy in Ethiopia’s energy system. Realizatiorsofar and wind energy systems in any
significant scale in Ethiopia will take at least@uple of decades. For this reason the period
of analysis (the projection period) is taken td@3Peyears from the base year.

c. Energy units

The Ethiopian National Energy Balance is reportediéra Joules. For ease of validation and
consistency, the Joule is used in this assessmaemtla

d. Currency

The Ethiopian currency Birr is used.

Key variables

The driving variables for energy demand are HouslshdSectoral GDP (Value Added),

Transportation performance, and land area undeivatibn.

These driving variables are

therefore put in Key Variables for the reasons axgld in 7.1. The values for some of the
variables are set as constants in Current Accqbate year) while some are derived from the
other variables. For examplegpulationandHousehold Sizare set as constants for the base
year whileHouseholdss derived a®opulation/Household SizeThe complete list of the Key
Variables is listed in Table 7.1.

Table 7.1

Key Variables
Key variable Expression Scale Unit
Population 61.672 Million Persons
Population Urban Population*0.147 Million Persons
Population Rural Population-Population Urban Mitlio = Persons
Household size 5 Persons
Household size Urban 4 Persons
Household size Rural 7 Persons
Population Urban Growth_Rate 4.7 %
Population Rural Growth_Rate 2.6 %
End Year Urbanization 25 %
Households Population/Household size Households
Households Urban Population Urban/Household sibarur  Million Households
Households Rural Population Rural/Households siz@R Million Households
GDP 15.460 Billion ETB
GDP Agriculture GDP*0.447 Billion ETB
GDP Industry GDP*0.117 Billion ETB
GDP Service GDP-GDP Agriculture-GDP Industry Bitlio ETB
Income GDP/Population Thousand ETB per year
Income Agriculture GDP Agriculture/Population Rural Thousand ETB per year
Area under agriculture 10 Million ha
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Energy demand

The only available data for national level energyndnd and supply is the Ethiopian National
Energy Balance from the Ethiopian Rural Energy Dgwament and Promotion Center
(EREDPC). The latest available National EnergyaBeé from the EREDPC is for 1998/99
(1991 EC). For this assessment, the demand seotdrsub-sectors for the LEAP model are
made to closely conform to this balance. Energysumption totals by sector from the model
are validated to closely agree with that of thergnd3alance. However, it should be noted
that models are not used to replicate historicéd;dthey are used to analyze policy options
and to gain insight into benefits and impacts tdrabtive scenariogor this reason, it should
not be expected for model outputs to be exactlysimee as in the Energy Balance.

The National Energy Balance divides energy consiompinto five sectors: households,
agriculture, industry, transport, and serviceschEaf these sectors is then further divided into
sub-sectors.

For modeling purposes there is need to disaggregaisumption down to end use level. For
each end usefinal Energy Intensitiesare estimated and these with the socio-economic
driving variables Activity level¥ determine energy consumption at end use, sulbysant
sector levels.

In the LEAP model energy demand is modeled sim@yaaproduct of socio-economic
Activity Level and energy intensity.

Energy demand = Activity Level * Energy intensity
Energy demand = Socio-economic activity * GJ/S@g@onomic activity

Energy intensity means energy consumed per capéaergy consumed per unit of economic
output. The energy intensity attribute is usuakhed to express the technological aspect of
energy demand — energy intensive industries wilbwshhigh energy intensities and
conservation measures result in reduction of enertgysities (for example in the household
sector improvements in household energy efficigrmyslate into lower energy intensiti&s

The demographic and economic driving variablesuielnumber of households, GDP (and
its sectoral components of industrial, agricultumadl service sector value added), and area of
cultivated land in agriculture. The demand analysimade using the following sector and
sub-sector classifications and demand relations.

Table 7.2

Demand classifications

Sector Sub sector Demand relations

Households Rural Demand (GJ) = No. of rural households * GJ/housihol
Urban Demand (GJ) = No. of urban households * GJ/houskehol

Industry Large manufacture Demand (GJ) = Value Added * GJ/Value Added
Construction Demand (GJ) = Value Added * GJ/Value Added
Mining Demand (GJ) = Value Added * GJ/Value Added

“8 Note that the energy intensity attribute can alsaised to quantify changes in economic factors. F
example, change in household income result in higinergy intensities. This relationship may be
incorporated into the system by relating energerisity to income through an income elasticity
parameter.
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Small scale Demand (GJ) = Value Added * GJ/Value Added
Transport Passenger Demand (GJ) = Passenger-km * GJ/passenger-km
Freight Demand (GJ) = Ton-km * GJ/ton-km
Agriculture Small farms Demand (GJ) = Ha * GJ/Ha

Mechanized farms Demand (GJ) = Ha * GJ/Ha

Agro-industries Demand (GJ) = Tonne * GJ/Tonne
Commercial Services All Demand (GJ) = Population * GJ/Population
Public Services Rural Demand (GJ) = Rural Population * GJ/Population

Household4®

The desegregation of energy demand in the Housedeultbr to end use and fuel level is
shown in the following two tables. The Househodtter is first divided into sub-sectors
(Urban and Rural), then the Rural sub-sector ith&rrsub-divided into Electrified and Non-
Electrified. This further sub division of the Rusub-sector is made to simplify policy
analysis regarding rural electrification.

Eight household end uses are included in the madeking, baking, lighting, water heating,
space heating, electric appliances, refrigeratiang air conditioning. All traditional,
commercial and alternative energy technologiesats® incorporated into the system (this is
despite the fact that some of these technologiesamrently either no in use or have very
small market shares).

Table 7.3

Demand data structure for the Household sector

e (\VIWARYTI Final Energy Intensit;l Demand Cost| Non Energy Fraction| All Variables

A measure of social and economic activity for whictergy is consumed

Name Expression Scale Units Per
Household Households Million Household
Urban Households Urban Million Household
Electrified 100 Percent Saturation | Of households
Cooking 95 Percent Saturation | Of households
Kerosene stove| 55 Percent Share Of households
Charcoal stove 25 Percent Share Of households
Wood stove 18 Percent Share Of households
LPG stove 1 Percent Share Of households
Electric stove Remainder (100) Percent Share O dlooids

Activity Level ISREINSGEIARIERSIWA Demand C04 Non Energy Fraction| All Variables

Annual final consumption of fuel per unit of activievel (for energy and non energy purposes)

Fuel

Name Name Expression Scale Units Per
Kerosene stove| Kerosene 2.6/.45 Gigajoule  Pesdimid
Charcoal stove | Charcoal 2.6/.35 Gigajoule Persebold
Wood stove Wood 2.6/.1 Gigajoule Per household
LPG stove LPG 2.6/.6 Gigajoule Per household
Electric stove electricity 2.6/.8 Gigajoule Peoukehold

“9 For detailed assumptions on Activity Levels andaFEnergy Intensities refer to Annex E.
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Industry

The industry sector is composed of Large Scale Menturing, Construction, Mining, Small
industries, and Electricity and Water. The sultesscunder the sector are made to conform
to the standard sub-classification used in repgftinlustrial GDP.

The Large Scale Manufacturing (LSM) sub-sectoheslargest both in terms of Value Added
and Energy consumption. This sub-sector is furtlemegregated by industrial group (Non-
durable, Basic material, and Equipment and macjif)er The sub-classification of the LSM
is made using desegregated Value Added and enermpgumption data available from the
Central Statistical Authorify. The CSA provides industrial data for 15 indastgroups
from food and beverage manufacture to machinery eqdpment production. These 15
classes can, however, be regrouped into the tiexers mentioned above depending on their
energy intensity.

Table 7.4
Demand data structure for the Industry sector

I | |
IS VIVAR-YC M Final Energy Intensity Demand Cosi Non Energy Fraction| All Variables

A measure of social and economic activity for whictergy is consumed

Name Expression Scale Units Per
Industry GDP Industry (real) Billion| ETB
Large scale manufacture 42 PercerShare Of ETB
Non Durable Goods 67 PercentShare Of ETB
Biomass 100 Percent Saturation | Of ETB
Electricity 100 Percent Saturation Of ETB
Motor fuels 100 Percent Saturation Of ETB
Thermal Energy 100 Percent Saturation  Of ETB

I |
Activity Level [ESHEIR=NTNWARIEHEIWAM Demand Cost Non Energy Fraction All Variables
Annual final consumption of fuel per unit of activievel (for energy and non energy purposes)

Name Fuel Name Expression Scale Units Per
Biomass Wood 0.04 Megajoule  Per ETB
Electricity Electricity 0.5 Megajoule, Per ETB
Motor fuels Diesel 0.22 Megajoule  Per ETB
Thermal Energy | Residual Fuel Oil  0.79 Megajoule r IPEB

Transport

The Transport Sector is divided into PassengefFaeaight transport. The Passenger transport
sub-sector is further desegregated to Intra-citggining transport inside cities) and Inter-city
(transport between cities). The driving variabfet{vity Level) for Passenger transport is
Passenger-km while for Freight transport it is kom-

*0 The Non-durables group includes food and beverapacco and textiles; the Basic materials group
includes non-metallic products, iron and steel,gpapnd plastic; Equipment and machinery is for
equipment and machinery production.

1 CSA, Report on Large and Medium Scale Manufactuaind Electricity Industries Survey, 2000.
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Passenger-km data for public transport vehiclesrRae@jht-km data for long-distance trucks

is from the Ministry of Transport and Communicatidror cars and short route freight trucks,
passenger-km and Freight-km data is derived fraamimmber of vehicles and assumed load
factors (for sources and details see Annex E).

Final energy intensities are given in liters pesggnger-km or liters per ton-km. Fuel use per
km of travel is converted to fuel consumed per gagsr-km and ton-km using average load
factors for the vehicles (passengers from Passerageport, Tons for Freight transport).

Table 7.5
Demand data structure for the Transport sector

e (\VIWARYII Final Energy Intensit)‘ Demand Cost| Non Energy Fraction| All Variables
A measure of social and economic activity for whéctergy is consumed
Name Expression Scale Units Per
Transport No data
Passenger 5.22+5.75 Billion Passenger-km
Intra-city 5.22/(5.22+5.75)*100 PercentShare Of Passenger-km
Road 100 Percent Share Of Passenger-km
Cars 1.53/5.22*100 Percent Share Of Passenger-km
Gasoline 1.51/1.53*100 Percent Share Of Passdamer-
Diesel Remainder(100) Percent Share Of Passemger-k
Hybrid 0 Percent Share Of Passenger-km
Activity Level IISREI=EWATIERE WA Demand Cos Non Energy Fraction Al Variables
Annual final consumption of fuel per unit of activievel (for energy and non energy purposes)
Name Fuel Name Expression Scale Units Per
Gasoline Gasoline 15/100/3 Liter Per Passenger-k
Diesel Diesel 15/100/3 Liter Per Passenger-k
Hybrid Gasoline Gasoline*0.6 Liter Per Passeriger rT
Agriculture

The Agriculture sector is composed of Small-scaigi@ulture (subsistence farmers),
Large Commercial Agriculture (producers of annuedps), and Agro-Industries
(Sugar, Tea, and Coffee plantations and proce$aaigries).

The Agriculture sector accounts for 45 percent BIFG Yet according to the Energy
Balance (1999), the sector accounted for only @rzent (or 1497 TJ) of final energy
consumption. This inconsistency is explained gy fict that in the Energy Balance
only the Large Commercial sub-sector is considered.
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Table 7.6

Demand data structure for the Agriculture sector

e\ ARCIYCII Final Energy IntensitJ Demand Cos{ Non Energy Fraction| All Variables
A measure of social and economic activity for whictergy is consumed
Name Expression Scale Units Per
Agriculture No Data
Agro Industrial 0.26 Million| Tonne
Sugar Plantations 98 PercenShare Of Tonne
Bagasse 100 PercentShare Of Tonne
Motor fuels 100 Percent Share Of Tonne
Electricity 100 Percent Share Of Tonne

Activity Level ISIEIRSNEIWWARICHS WA Demand Co# Non Energy Fraction| All Variables

Annual final consumption of fuel per unit of activievel (for energy and non energy purposes)

Name Fuel Name | Expression Scale Units Per
Bagasse Bagasse 20.7 Gigajoule Per Tonne
Motor fuels Motor fuels 0 Gigajoule Per Tonne
Electricity Electricity 0.2 Gigajoule Per Tonne

Commercial services

The Commercial services sector consists of urbardamall scale (often informal) trade and
hospitality service establishments (hotels, restais; drink houses). Hospitality services are
the main energy consumers in the sector. Enemgyinements in these establishments is for
cooking and baking, lighting, water heating, aret#ic appliances.

The only available information for the sector ie tinergy Balance, which provides estimates
for aggregate energy consumption. Desegregatidotaf final consumption by sub sector
and by end use has not been feasible due to tliedirmamount of data available on energy
use for the sector. For this reason, until motta taavailable, Activity Levels for the sector
are all set to 100% and Energy intensities ardcse@iggregate sector consumption of each
fuel.

Public services

The Public service sector is a new addition to Energy Balance. Public services, which
include water supply, health services, educatioth stneet lighting, are important services
especially in rural areas. These services are lafgto potential applications for solar and
wind energy technologies.

For the purpose of estimating energy demands, timber, distribution, and energy
consumption of rural water supply points, healtltilfides, and schools are required.
However, there is little published or unpublishkdt(accessible) data on these at present. For
this reason, the consultants had to make theirassomptions.
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Table 7.7
Demand data structure for the Public Services secto

I | |
INSIVIVAR-YC Final Energy Intensity Demand Cosi Non Energy Fraction|  All Variables

A measure of social and economic activity for whéctergy is consumed

Name Expression Scale Units Per
Public Services No Data
Rural No Data
Water No Data
Public 0.27*Population Rural Unspecified Unit

Hand pump 10 Percent Share

Diesel 0 Percent Share
Electricity Remainder(100) Percent Share

Solar 10/15000 Percent Share

Wind 25/15000 Percent Share

Activity Level IESHEIRSIETGVARIEREIWAN Demand Cosﬂ Non Energy Fraction | All Variables
Annual final consumption of fuel per unit of activievel (for energy and non energy purposes)

Name Fuel Name = Expression Scale Units Per
Hand pump| Human Energy  2.72/1000*20*3.65*0.3 Witat-Hour Per Share
Diesel Diesel 2.72/1000*50*3.65*0.3 Kilowatt-Hou | Per Share
Electricity | Electricity 2.72/1000*50*3.65*0.3 Kwatt-Hour Per Share
Solar Solar 2.72/1000*30*3.65*0.3 Kilowatt-Hour,  rPghare
Wind Wind 2.72/1000*50*3.65*0.3 Kilowatt-Hour | P8hare

Energy transformation

In the LEAP model indigenous energy conversion gmadsport is referred to as energy
transformation. Energy demand must be met with aateqsupply either from indigenous
production or from imports.

The transformation branch in LEAP is divided intoodnles. Transformation modules
represent energy conversion sectors (industriegpic@l transformation modules include
electricity generation, petroleum refining, chalcgaoduction, biogas production, and
transmission and distribution.

Each module may have one or several processesed2es are individual energy conversion
technologies within modules. For example, thetdldty generation module may contain as
processes hydropower plants, diesel engine plantsgeothermal plants; while for charcoal
production there may be traditional charcoal making efficient charcoal making processes.

In the Ethiopian case energy transformation brdackthe base year include the following
modules: charcoal production, biogas productiomlmoed heat and power (CHP),
centralized (grid) electricity generation, deceleal electricity generation, ethanol
production, bio diesel production, coal mining,urat gas liquids production, and
transmission and distribution.

a. Charcoal production

Total charcoal consumption in 1998/99 was 8785 éiqluifalent to 0.3 million Tons) and
accounted for 1.2 percent of total energy consumeétie country. Charcoal production in
Ethiopia is an unregulated (and illegal) operati@mried out informally by individuals or
groups of individuals at very small scales.
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The predominant type of charcoal production metlimdEthiopia is the earth mound
technology. This technique has an energy effigiesfcabout 25 percent (but depending on
the skill of the operator, it can go as high agp8Ecent). In the past few years a promotion
effort has been underway to introduce better efficy charcoal kilns, including improved
earth mound kilns and metal kilns which improve ¢tarcoal production efficiency by as
much as 50 percent.

The Charcoal production module is created as modiitefour processes (types of charcoal
production kilns). The shares of each of thesegsses (technologies) and their energy
efficiencies are as shown in the following tables.

Table 7.8
Charcoal production

MOICIIEN(EI-EI  Efficiency

Process shares: Energy share of total module esgaints (%)

Name Expression
Traditional earth mound| 99
Improved earth mound 0.4
Metal kiln 0.4
Brick kiln Remainder(100)

Process shares JSiEELBY

Efficiency: the energy content of the output fudisided by the energy content of the feedstpck
fuels (%)

Name Expression
Traditional earth mound| 25
Improved earth mound 35
Metal kiln 35
Brick hive kiln 40

b. Biogas production

It is estimated that there are about 500 biogats umstalled in the country, of which only a
third are in operation (Kidane, 2003). Most ofshéiogas plants are in the 2.5 to 8 m
capacity range. Assuming 2.8mf biogas production per day from 165 units (siooty a
third are operational), total annual biogas proidactvill be about 3 TJ.

Table 7.9
Biogas production

MO ENEI-EI  Efficiency

Process shares: Energy share of total module esqeints (%)
Name Expression

Indian floating type 61

Chinese 1.4

Camaratec 9

Deenbandhu 6

Other biogas digesters| Remainder (100)
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Process shares

Efficiency: the energy content of the output fugildded by the energy content of the feedstocks(¢4)

Name Expression
Indian floating type 30
Chinese 30
Camaratec 30
Deenbandhu 30
Other biogas digesters| 30

c. Centralized (grid) electricity generation

This transformation module contains EEPCO’s ICS egation facilities including its
hydropower plants, diesel generators, one geothepfaat, planned additions to the grid
(hydro, oil, coal), and potential candidate tecbgas for grid supply (wind and PV).

The Centralized (grid) electricity generation madid set up to include input data on costs,
capacities and system load curves. The System Coade (Duration Curve) is required for
this module because processes need to be dispatadsigned to meet electricity demands)
depending on their Merit Order. The Merit Order &oprocess indicates where in the load
curve the plant operates (base or peak).

Base year System Peak load and the load duratime ¢im percent of the peak) are provided.
These two data sets are used to generate the Umatioth curve in actual demand capacity (in
MW) inside the LEAP mod&.

Table 7.10a
Electricity generation grid: System Pea, Planning eéserves and System Load Curve

Peak system demar Module costs Planning reserve mar(MEAIREGELISEIN System load curve
Base year system peak demand for power: useditwatal calculated system load curve to match

Variable Name Expression Scale Unit
Peak system demand 327.7 Megawatt
Module costs US Dollar
Planning reserve margin 20 Percent

Peak system demar{ Module cost# Planning reserve marg All variables ISV ERerls Rel[aV

Load duration curve (% of peak system load)

Hours 1999 expression 100

0 100 90 |

876 90 E g %

1800 80 E 2 ;g

2600 72 E |8 ]

3500 60 E |2 4l \
4400 55 E |§

5300 50 E 207

6000 43 E N | | | |
7000 40 E 0 2000 4000 6000 8000
8760 30 E Hours in year: Sorted by Load in Descending Order

2 The Peak Load for the base year is obtained frEED’s System Expansion Master Plan study of
2001; the load duration curve is estimated from efiad done on the Model for the Analysis and
projection of Energy Demand (MAED) in 2003.
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All processes are to be dispatched by Merit Ordd¢ydropower plants in the module are set
to have Merit Order of 1, which means they are wsebase load plants, while diesel plants
have Merit Order of 3 (peaking plants).

Historical energy production, and current and fataommitted capacity for each process is
provided in the following two tables. The histalicenergy production data is used to
dispatch processes for years before the base yeisg wurrent and committed capacities
determine energy production after the first simatayear (depending on their Merit Order).

Table 7.10b
Electricity generation grid

Exogenous cap

[ [ [
Dispatch rules| Fist simulation yeal Process share| Efficiency JEaIRIile:IRege!
Historical energy production: used to dispatch psescbefore the first simulation year.

Units: v Gigawatt-Hour
Name Expression
Hydro turbines 1631.5
Diesel engines 4
Geothermal stations 20
Wind turbines 0
PV 0
Oil combustion turbines| 0
Coal steam 0
Natural gas 0

| | | |
Dispatch rules| Fist simulation yea| Process share| Efficiency | Historical proclli=N eIl TERer LI

Exogenously specified capacity: current and fuaaemitted capacity

Units: v Megawatt « of production capacity v
Name Expression

Hydro turbines 1200

Diesel engines 40

Geothermal stations 7.3

Wind turbines 0

PV 0

Oil combustion turbines | 40

Coal steam 0

Natural gas 0

d. Decentralized (off-grid) electricity generation

LEAP assumes that all electricity demand is on.gfiilerefore, if electricity demand exceeds
available capacity within the grid demand is metifmports. However, in a developing
country such as Ethiopia a large section of theufadipn lives away from the grid and the
potential demand for off-grid electricity is gredh order to include off-grid technologies into
the system, a decentralized electric generationuheoid created under the transformation
branch.

To distinguish between off-grid and grid electsicia new energy carrier naméaff-grid
electricity” is added into the model (under General/Fuels MEALEAP).

7-12



There are two options for representation of deedinéd electricity generation into the LEAP
model. The first is to create one off-grid trangfation module and incorporate all off-grid
technologies under it, each technology meetingexifpd portion of the off-grid demand.
The second option is to create individual transtgiom modules for each off-grid technology
(for example, PV, wind, diesel, biomass). Thetfirethod is selected because it simplifies
analysis since once total off-grid electricity puotion is computed, the contribution of each
off-grid technology towards this total can be shawimg process shares.

The process shares for the module were determisied) EEPCO data for its SCS system
(for diesel and hydro) and estimates for PV. EEPRITS generation data for 99/2000 was
14.3 GWh (hydro) and 19 GWh (diesel). For PV, alietl capacity for 1999/2000 is

estimated to have been 1.8MWp (about 1.5MWp froe Telecom sector) — assuming all
installed capacity is utilized, total electricityggluction would have been about 6.3GWh
(1.8MWp * 5 peak hours * 70% system efficiency.

Table 7.11
Electricity generation off-grid

MO I EIG-RI  Efficiency

Process shares: Energy share of total module esqeints (%)

Name Expression
Diesel 57
MHP 42.93
PV Remainder(100)
Biomass 0
Wind 0

Process shares

Efficiency: the energy content of the output fugildded by the energy content of the feedstocks(¢4)

Name Expression
Diesel 25
MHP 100
PV 100
Biomass 40
Wind 100

e. Combined heat and power (CHP)

This transformation module is created specificadlyinclude the CHP plants in the Sugar
Agro-industries. The Sugar industry generates aedtpower from sugar cane Bagasse. At
present heat and electricity generated by the psase are totally consumed inside the
industries.

f.  Ethanol production
Ethanol is produced by the Fincha sugar agro-imgusthich has production capacity of 8

million liters per year). If the market develops the Ethanol fuel, production capacity at
Fincha and the other existing and planned sugatessinay be increased quite substantially.

7-13



g. Bio diesel production

Bio diesel fuel production and utilization is inetlrial stage in many parts of the world. In
Ethiopia, one private company has plans to proticeliesel from the Jatropha plant and for
this purpose has planted the trees in Benishanguiu@ region.

h. Natural gas liquid production

This module is added to take into account planradeidpment of the Calub gas fields for
production of liquid petroleum from natural gas.

i. Transmission and distribution
The transmission and distribution module is useddeb T&D losses in the transformation

branch. For grid supplied electricity current T8&@ses are about 22 percent (EEPCO) while
for off-grid electricity supply 10 percent distritimn losses are estimated.

Table 7.12
The Transmission and Distribution module
Losses
Energy losses (%)
Name Output fuel Expression
Electricity Electricity 22
Electricity off-grid | Electricity off-grid | 10
Natural gas Natural gas 5

Energy resources

In the LEAP model resources are divided into primand secondary fuels. The resources
and fuels under the resource modules are autoratigenerated by LEAP from
requirements for the resources in the Demand aadsiormation branches.

Indigenous energy resource data required for fdgslk is the total available reserve of the
resource (proven or ultimately recoverable) , wldlerenewable resources annual yields are
required.

Fossil fuels

For the Ethiopian case, only two fossil fuels ar@uded in the system: coal and natural gas.
The natural gas reserve in the Calub area is estiirta be 2.7 TCF. For coal, the proven
amount in place in the Delbi and Moye area is aldi®i8 million Tonnes (if probable and
possible reserves are included the total goes.®mdlion Tonnes).

Biomass resources

For biomass resources yield estimates are derraed the Woody Biomass Inventory and
Strategic Planning Project (Developing a Nationahi®gic Plan and Policy Framework for
the Biomass Energy Sector, WBISPP, MoA, No daldje total woody biomass stock for the
year 2000 was estimated to have been 768 millionsTwith annual sustainable yield of
37.04 million tons. This estimate excludes resesinn Tigray, Afar, Benishangul-Gumuz,
Somali, and Addis Ababa regions. If these regiwese included total woody biomass yield
would exceed 40 million Tons. The Oromiya regiacaunted for 48 percent of total yields,
SNNP for 27 percent, Amhara for 16 percent and Gadanfor 9 percent.
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Again excluding the regions listed above, totaldgefor agricultural residue and animal dung
for the year 2000 was 19.2 million tons and 18.Bioni tons respectively.

Bagasse

Area cultivated for sugar at the four sugar plaotestin Ethiopia was 22,430 ha in 1999/2000
(CSA, Annual Abstract, 2001). At 90 ton of cane pa of area cultivated and 30 percent
fiber, total bagasse production would be 0.65 omlliTon/year or 5330 TJlyear (at
8.2GJ/Ton).

Solar energy

For solar energy the main determinants for eneligidyare total available area for solar
energy production, peak power production from aasguneter of PV panel, and mean global
solar energy availability. The gross solar eneygld available is computed using the
following relation:

Households * Area (ffthh) * Insolation (kWh/Atday) * 365 days*efficiency
The key assumptions in the above relation are:

« Every household would hav&0 nf of area that it can allocate for solar energy
generation.

» Efficiency 14% for mono crystalline PV panels & 9066 the system

« Mean global solar irradiation d.74kWh/nv.day (taken from SWERA solar energy
database)

According to the above assumptions, every househaldld have about 12.5kWp PV
capacity and may generate 60kWh of electricitydssr. This amount of energy is four times
more energy than is required by the highest incbmseholds in Ethiopia

Wind energy

The ENEC-CESEN study of 1986 (Main Report, p. S9®)jded the whole of Ethiopia into
essentially two wind energy density zones: less idm/s (65W/m2) for area in the North,
West and North-West; and 3.5-5.5m/s (65-200W/mg)ilie rest of the country. The gross
wind energy vield is estimated with the followirgation:

Transmission (km) * 25km (wind zone) * Suitableaasgithin buffer (%) * 5MW/km
(installation density)

e 6303 km of transmission and sub-transmission {E€$PCO, Facts in Brief, 2003)
» 25 km buffer from grid transmission for wind prodioa (SWERA recommendation)
«  5MW/km? of wind turbine density (SWERA recommendation)

Total power available from wind turbines for gridnnection will be aboutO0GW. Further
assuming 80 percent availability for turbines athigameration will be 890 TWh.

%3 Cooking and baking requirements per households&&year, which is equivalent to 4kWh/day;
demand for electric appliances would be about SK0KW of equipment operated for 5 hours a day);
and water-heating requirements would be 5kWh/dahk{& boiler operated for 5 hours).
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Hydropower

The gross hydropower generation potential for Ffiaias estimated to be 630TWh/year with
an exploitable potential of about 120TWh/year (ENEESEN, Main report, p. 80.).

Geothermal energy

The geothermal energy potential for Ethiopia isnested to be 700Mwe (ENEC-CESEN,
Main report, p. 77).

Human energy

Total human energy available is estimated as ptodiutotal population and 2000kCal per
day energy expenditure per person for 365 days.

Animal energy

Total animal energy available is estimated as prbad total livestock population and
6000kCal per day energy expenditure per anima3&ar days.

Table 7.13
Energy resources

Yield Indigenous Cos{ Import Cost| Export Benefit

Reserves (stock) of resource remaining in the basae
Name Expression Scale Units
Natural Gas 2.7 Trillion| Cubic Feet
Coal (bituminous) 13.8 Million| Tonne of Coal equivalent

Source: Natural Gas (Ministry of Mines and Ener@®al (Coal Pre-feasibility Assessment, EEA,
1994).

Base Year Reserv Indigenous Cos{ Import Cost‘ Export Benefit

Annual yield of renewable resource

Name Expression Scale Units
Wood 37.04 Million Tonne
Animal Wastes 18.28 Million Tonne
Agricultural residue 19.26 Million Tonne
Bagasse 90*22430*0.3 Tonne
Biomass (unspecified) 1 Million Tonne
Wind 6303*25*0.5*5*0.5*8760 Megawatt-Hour
Solar Households*10*14%*90%%*3.74*365 Million Kilomit-Hour
Hydro 120 Terawatt-Hour
Geothermal 700*8760 Megawatt-Hour
Human Energy Population*2000*365 Million kCal
Animal Energy Livestock population*6000*365 Million | kCal

Source: See discussions above.
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The Reference energy development scenario (REF)

Basic assumptions for demand projection

National energy demand will grow depending on segionomic development (population,
economic performance) and changes in the energynodmgy base (or energy intensity).
Energy demand growth is assumed to be the santoforthe Reference and Alternative
scenarios. The scenarios are then compared onHeywneet the same demand: the REF
scenario keeps the status quo and solar and wergewill have little or no contribution to
energy supply; the ALT scenario illustrates theecabere solar and wind energy have
significant share in the supply mix.

Socio-economic variables

The basic demand driving variables of populatioth BReal GDP are assumed to grow at 3%
and 8.8% respectively. Population growth ratengsttes are derived from CSA population
forecasts and RGDP growth rates are the growtls ratmrded for 2005by the Ministry of
Finance and Economic Development (as reporteddttional Bank of Ethiopia).

Energy intensity

Energy intensities are generally assumed to gral@@per year for cooking and baking end
uses and 3% for all other end uses. This assumgtimken with the view that as incomes
grow energy requirements will also grow.

Another major assumption for demand is that theepration rate for improved rural biomass
stoves (stoves which have 50% more efficiency thasting ones) will reach 30% by 2030.

This assumption is feasible and its impacts wiltbasiderable. This intervention is part of

the REF scenario because such a program is altemirway by the EREDPC.

Energy demand forecast

Energy demand is expected to grow from 700PJ irD200just over 1900PJ in 2030, a
growth rate of 3.5% per year. Sectoral energyeshehange where the energy demand from
the household sector drops from 91% in 2000 to #¥82030 with corresponding increases in
the other sectors. Fuel shares in the energy talalso change with share of biomass from
total demand declining from 93% in 2000 to 82% 3@

Table 7.14

Energy demand projection, 2000-2030, Peta JoulesJHReference Scenario]

Energy carrier 2000 2005 2010 2015 2020 2025 2030
Biomass 645 769 911 1,069 1,232 1,413 1,623
Oil Products 34 46 64 90 128 183 262
Electricity 3 6 10 16 27 45 71
Renewables 9 9 9 10 11 11 12
Total 691 830 995 1,186 1,398 1,653 1,970

54 Real GDP growth during 200-2005 averaged 4.8 pei@griculture: 4.7%, Industry: 5.1%, Service: %B In

2005 RGDP grew by 8.8 percent (agriculture: 12%ustry: 6.6%, Services: 5.8%)
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Sector
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Figure 7.1

Energy demand by sector, 2000-2030 [Reference Sceph

Demand: Energy demand (final units)
Scenario; Reference, Fuel: All Fuels
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Energy demand by fuel, 2000-2030 [Reference Scenari
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Energy supply

For the Reference Scenario Transformation outputgrid electricity are shown below. The
Ethiopian electric grid is hydro based with largeltopower plants accounting for 99% of
energy generation on the system. This nearly sk@udependence on hydro continues into
the future and hydropower plants will contributé¥®@ total generation on the grid in 2030.
In electrified rural areas supplies are mostly from off-grid egss but in the future the
contribution of grid electricity will increase atxy 2030 grid power will account for 66% of
total rural electricity demand.

Figure 7.3
Grid electricity generation by source of energy, 200-2030 [Reference Scenario]
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Figure 7.4
Rural lighting, 2000-2030 [Reference Scenario]
Demand: Energy demand (final units)
Scenario; Reference, Fuel: All Fuels
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Urban water heating

Water heating is an important market for solarrtredrapplications. In the REF scenario the
contribution of solar water heating to total wateating requirements are negligible (0.1% in
2001 to 1.2% in 2030). Biomass fuels will continioebe the main sources of energy for
water heating (96% in 2000, 82% in 2030). The sldirelectricity in the hot water service
market increases from 1.2% in 2000 to 12% in 2030.

Figure 7.5
Urban water heating, 2000-2030 [Reference Scenario]

Demand: Energy demand (final units)
Scenario: Reference, Fuel: All Fuels
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7.2 Potential Supply Short falls for key supply sectors

Energy demand must always be balanced with enenggly. In the short term available
supply capacity may meet growing demand (more graay be produced from existing
facilities) but in the medium to long term capacityst be added to ensure adequate supply
capacity.

Grid electricity

In the model, the “Electricity Generation Grid” mde represents the electric grid. Existing
and committed additions to the grid are input asofgnous capacity” meaning capacity
directly input by the modeller. Another set of iabtes called “endogenous capacity” is also
input in the model to indicate what type of generaffacilities will be available for later
addition (not committed but available). The modsélf decides what type of generation
facility needs to be added (based on the priordythe modeller attaches to each type of
facility)®>. The sum of these new requirements is the exgsttertfall. In the REF scenario,
for grid electricity, the shortfall occurs in 20iaf 4PJ and grows to 46PJ in 2030 (from 18%
of total required generation in 2017 to 62% in 2030

55 These set of “endogenous” facilities are the dabslled as “NewHydro”, “New Oil”, and “New Coal” in
Figure 5.3 above.
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Off-grid electricity

In the model the energy carrier “electricity” is deato represent only grid electricity. Two
more energy carriers have been added into the mimdehalyse supplies and demands
separately for “electricity off-grid” and “electitg home.” In the Transformation sector of the
model “electricity off-grid” is a separate transfwtion module with diesel stations, micro
hydropower plants and other potential power sousegrocesses (generation facilities).
Home systems are not represented in the transfomsgctor, they are directly input as end
use technologies (for example, for rural lightingey appear as substitutes for kerosene

lighting).

Supply shortfall for off-grid electricity is deteined from a supply-demand balance for the
energy carrier “Electricity off-grid” in the modeF-or the off-grid module there would not be
any committed additions to system capacity as escidise for grid electricity. This means
shortfalls appear immediately or in the very shmrtm. For the REF scenario, supply
shortfalls appear in 2008 and beyond. The shbiigalhen met by adding capacity from

diesel and MHP facilities in the same proportionnethe base year.

Auto generation systems (facilities meeting indinatd demand: solar home systems, solar
water heaters, wind and PV pumping)

These supply facilities are not included in theriBfarmation sector; they are put as end use
devices in the demand sector. Supply shortfalieapimmediately after the base year since
there is usually no surplus capacity from suchesystto meet extra demand. In the REF
scenario, these additional requirements are métadtlitional capacities in the same
proportion as in the base year which means theibatibns of solar and wind energy
systems is limited to shares as in the base year.

7.3 Solar and wind energy in the national energy system

The objective here is to show the potential of iIs@lad wind energy in meeting energy
demand at the national level. Two scenarios akeldped: the Ambitious S&W energy
scenario shows the upper limit of the potentialtdbation of solar and wind energy in the
system®.

Ambitious S&W energy scenario (AMBSW)
The Ambitious S&W scenario is based on the assumpthat S&W energy meets all
shortfalls in the key supply sectors identified7i2. This means capacity shortfalls in the

electric grid, off-grid electricity, and auto-geation systems will be totally met by S&W
energy.

Grid electricity

In the Ambitious scenario all shortfall in the systis assumed to be met by wind
and solar energy. The shortfall first appearsh?at 1.14TWh (208MW) then goes

% Although at this stage wind energy resource datadt yet available, wind is included in the
scenarios.
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up to 12.53TWh in 2030 (2488MW). The shortfall wibbe 18% of total generation
requirements for 2017 and 62%f total requirements for 2030.

Off-grid electricity

The requirement for Off-grid electricity for 2018 B8.5GWh and that for 2030
would be 299GWh.

Auto generation systems (facilities meeting indidtldemand: solar home systems,
solar water heaters)

The requirement for electric home systems is 0.28Ga 2010 and 13.3GWh for
2030.

The technical potential for solar water heatingssumed to be the case where solar water
heaters replace all water heaters operating orrieiec and kerosene. The total water
heating demand that these two fuels would meetthat solar water heaters would
replace in 2010 and 2030 is 232GWh and 2832GWtlentisly.

" Note that with present technologies it may nopbssible to incorporate as much as 62% of wind or
solar power into an electric grid. This is becaused and solar electricity quality is differenbf
that from conventional sources and conversion ltgriing of renewable electricity to exactly suieth
grid is costly at present.
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8 Annexes
Annex 1:- Rural Household Non-cooking Energy Requements

At present energy consumption in non-electrifiedakiarea in Ethiopia for non-cooking
appliances is very minimal. Basic items that enasgyequired for in rural households are
lighting points and entertainment devices. Lightimgeds are usually met with kerosene
lanterns and kerosene wicks. Entertainment dewidsde radio/cassette players and, now a
days, B&W TVs are becoming available in rural hdwdds. Dry cells are mainly used for
radio/ cassette players and hand torches. Usetofmative batteries for powering cassette
players and B&W TV sets is not uncommon in mosalrbouseholds in Ethiopia.

Non-cooking energy load for a typical rural houddhis indicated in Table xx belof
Supplying rural households with modern energy watiar PV to cover the most basic
electrical energy needs would require a 70Wp systssuming an annual daily average
radiation® of 3.74kWh/ni/day.

Table xx: Daily power load in a typical househaidai non-electrified area

Description Solar-load | Load Hours of use | Days of use Energy
correlation | (kW) per day per week (kwh/d)
(h/d) (d/wk)

Radio Positive 0.008] 3.00 7 0.024
Cassette player Positive 0.015 2.00 7 0.030
B&W TV Negative 0.015| 4.00 7 0.60
Service Lights (1x7W & 1x9W)| Negative 0.016 4.00 7 0.64
Daily load (kWh/day/household) 0.178
Energy loses due to system components 15% (kWh/day) 0.0267
Total daily load + loses (kWh/day/household) 0.204
Daily Charging Current (A) 4.3
Panel size that generates the indicated charging went (Wp) 70
Yearly total load (kWh/year/household) 65

%8 Taken from various studies conducted in non-efesdrareas: Ethiopian PV Commercialization
Study, EREDPC, 2003.

%9 Annual daily average radiation for the countryaashole calculated based on SWERA solar energy
resource assessment.
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Annex 2: Cost Comparison of Electricity from Diesel

Daily energy consumption of electricity by a household (Electricit

Genset and Solar PV Home System

Service for 4 hours/day)

Hours of
Description Solar-load Load use Energy Days/
correlation (kw) per day (kwh/d) week
(h/d)
Radios Positive 0.008 3.0 0.024 7
Cassette Player Positive 0.015 2.0 0.030 7
B/W TV Negative 0.015 4.0 0.060 7
Service Lights (2 x 8W) Negative 0.016 4.0 0.064 7
Total (kWh/day) per hhs= 0.178
Total (kWh/month) per hhs= 5.34
Total (kwh/d) for 200 hhs= 35.6
No.of households electrified = 200
Energy delivered for 200hh (kWh/day)
= 35.6
Annual energy delivered (kWh/year)= 12994
Discounting rate = 10%
Inflation rate = 3%
Life time of system (years) = 20
Diesel Genset - Mini Grid
Diesel Price (ETBI/L) = 4.78 Servcie Hours (h) =
Fuel consumption- genset (L/kWh) = 0.3 Genset capacity (kW)=
Genset load factor = 0.8
Transmission system loss (%) = 10%
At base
Fuel cost (ETB/kWh) = 1.43 vyear
Annual fuel Cost (ETB/kWh) =
Fuel cost escalting rate = 5%
Average genset price (ETB/kW) = 2000 (Price ranges between ETB/kW 1500 to 3000)
Economic Cost of Diesel (ETB/L) = 49675 In Addis Ababa

4
12
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Fuel cost Annual Salvaged Total

escalation  Annual fuel costs Peiodic  Capital  value of Total survice
Year rate cost Inflation o&M Costs cost genset Cost (kwWh)
0 1.0 0 1.0 0 201556 201556 0
1 11 19565 1.0 14020 33585 12994
2 11 20543 11 14453 34997 12994
3 1.2 21570 11 14900 36471 12994
4 1.2 22649 11 15361 38010 12994
5 1.3 23781 1.2 15836 19643 59261 12994
6 1.3 24971 1.2 16327 41297 12994
7 14 26219 1.2 16833 43052 12994
8 15 27530 1.3 17354 44884 12994
9 1.6 28907 1.3 17893 46799 12994
10 1.6 30352 1.3 18448 49352 -1236 96916 12994
11 1.7 31869 14 19021 50891 12994
12 1.8 33463 14 19612 53075 12994
13 1.9 35136 15 20222 55358 12994
14 2.0 36893 15 20852 57744 12994
15 21 38737 1.6 21501 26399 86637 12994
16 2.2 40674 1.6 22171 62845 12994
17 2.3 42708 1.7 22862 65570 12994
18 24 44843 1.7 23576 68419 12994
19 25 47086 1.8 24312 71397 12994
20 2.7 49440 1.8 25071 30604 105115 12994
NPV 627709 110625
Capital Costs
Cost of diesel genset (ETB) = 24722 Cost of 12 kW genset
Cost of distribution system (ETB)= 120000 LV mini grid (about 3km of 2 cables+ poles +fittings+labour+etc)
Other electrical equipments (ETB)= 40000 (internal wiring and bulbs - 2x7W CFL)
Transportation of Equipment (ETB)= 7236 (5% of the cost of distribution system and genset)
Contingency (5%)= 9598 This includes training as well

Total system cost (ETB) = 201556



Annual Costs
O&M + guard
Oil change

Genset service & maintenance =
Total

Periodic Costs

Genset (Overhaul)
Maintenace of distribution line
Replacement of genset

Financial cost of electrcty (ETB/kWh)

12000
600

1000
13600

4944
12000
24722

5.67

O&M, bill collection, guard (2xEB500/month)
(lubricants 4 times a year)

(filters, minor maintenance,etc 4 times a
year)

20% of cost of genset every five years
10% of cost of distribution lines every five years
Replacement of genset every 10 years

(not so much difference between financial and economic cost for diesel genset electricity)

Effect of fuel price on cost of electricity
Fuel Price
ETB/L

Financial Indicators

Annualization Factor Pa(20yrs) =
Annual Electricity Load =

Electricity Cost Total Life Cycle Cost (LCC) =

ETB/kWh

Annualized LCC (ALCC) =

4.78
5.00
5.25
5.50
6.00
6.50
7.00
8.00
9.00

5.67
5.77
5.88
6.00
6.22
6.44
6.67
7.12
7.51

Levelised Energy Cost =

8.51
12994.00
627709
73730.42
5.67

kWh/year
ETB
ETB

ETB/kWh




Solar Home System

Dalily electricity requirement kWh/day
Annual Electricity Load = KWhlyear
Daily average radiation (kWh/m2/day) =

PV system efficiency =

Energy loses due to system components (kWh)
Daily energy Solar Elect. Demand (kWh/hh)=
Charging Current (A) =

Module size required (Wp) =

Cost of module per Wp (ETB/Wp) =
Economic Cost of Modules (ETB/Wp) =
Financial Cost Analysis

0.178
64.97
3.74
15%
0.027
0.205
4.6
70

63

47

Capital Periodic Total Total Service
Year Cost Cost Cost (kWh)
0 7299 7299
1 0 65
2 0 65
3 0 65
4 0 65
5 927 927 65
6 0 65
7 0 65
8 0 65
9 0 65
10 1075 1075 65
11 0 65
12 0 65
13 0 65
14 0 65
15 1246 1246 65
16 0 65
17 0 65
18 0 65
19 0 65
20 0 65
NPV 8587 553

kwh/day/household

National annual average solar radiation (SWERA estimation)

15% system loses

daily electricity needed (including loses)-used for system sizing

(Price of modules above 60Wp ranges between ETB 60 and 65)
Comparison between
Diesel genset and SHS

Economic Cost Analysis

Periodic

Capital Cost Cost

Total
Cost

5640

640

741

860

5640

860

O OO oo

6528

Cumulative
Savings Saving
-1258154 -1258154
33585 -1224569
34997 -1189572
36471 -1153102
38010 -1115092
-126223 -1241315
41297 -1200017
43052 -1156966
44884 -1112081
46799 -1065282
-118111 -1183393
50891 -1132502
53075 -1079427
55358 -1024068
57744 -966324
-162637 -1128961
62845 -1066116
65570 -1000546
68419 -932127
71397 -860729
105115 -755614
-1089749




Capital Costs

Module (ETB)= 4410

Solar Battery (ETB)= 800 (solar battery (80Ah - considering 2 days autonomy) - 5 years life time)

Controler (ETB) = 560 10A controler

CFL (ETB) = 300 two CFL lights

Cables (ETB) = 300 (30 minsulated 2x2.5 @ETB10/m)

Other accessaries = 250 (switches, socket/plugs, DC-DC converter, module support, battery box, etc)

5% of equipment

Installation &Trans = 331 cost

Contingency = 348 5% of total cost

Total System cost = 7299

Annual Costs Financial Indicators - for comparison of diesel genset and SHS

o&M 0.00 For SHS Annualization Factor Pa(20yrs) = 8.51
Annual Electricity Load = 64.97 kWhlyear

Periodic Costs Total Life Cycle Cost (LCC) = 8587 ETB

Solar battery = 1500 Every 5 years Annualized LCC (ALCC) = 1008.66 ETB
Levelised Energy Cost = 15.53 ETB/kWh

Financial Cost of electricity (ETB/kWh) = 15.53

Economic Cost of electricity (ETB/kWh) = 11.80

Economic Costs

Capital Costs

Module (ETB) = 3267 (VAT + duty is about35% of total cost)

Solar= battery (ETB) 552 (VAT + duty is about 45% of total cost)

Controler (ETB) = 415 (VAT + duty is about 35% of total cost)

CFL (ETB) = 300

Cables (ETB) = 300

Other accessaries = 250

Installation &Trans = 288 (less VAT of 15%)

Contingency = 269

Total System cost = 5640

Periodic Cost

Solar battery = 552 Every 5 years




Annex 3: Grid Based PV Electricity
Module size (Wp) =

Cost of module before tax (ETB/Wp)=

Tax on modules (Duty + VAT) =

Cost of module after tax (ETB/Wp) =
Suppliers profit+installation+transport =
Installed Price of Module (ETB/Wp) =

Cost of inverter (for grid)-before tax (ETB/Wp)

100

34.8 ($4/Wp - International Price)

38%
48.02

30% 45.24
62.43

13.92 ($1.6/Wp-International price)

Tax on inverters = 45%
Price of inverters (ETB/Wp) = 20.18
Supports + accessries /100Wp system (ETB) = 200

G= 3.74 kWh/m2/d SWERA ==> 129.68

G= 5.2 kWh/m2/d CESEN ==> 180.31

Annual Elec.
Price of module & inverter (ETB/100Wp) Delivered
with no (kWhlyear)
Year tax with tax SWERA | CESEN

0 6394.40 8865.20 0.0 0

1 63.94 88.65 129.7 180.31

2 63.94 88.65 129.7 180.31

3 63.94 88.65 129.7 180.31

4 63.94 88.65 129.7 180.31

5 63.94 88.65 129.7 180.31

6 63.94 88.65 129.7 180.31

7 63.94 88.65 129.7 180.31

8 63.94 88.65 129.7 180.31

9 63.94 88.65 129.7 180.31

10 63.94 88.65 129.7 180.31

11 63.94 88.65 129.7 180.31

12 63.94 88.65 129.7 180.31

13 63.94 88.65 129.7 180.31

14 63.94 88.65 129.7 180.31

15 63.94 88.65 129.7 180.31

16 63.94 88.65 129.7 180.31

kWh/yr

KWhiyr

Annual electricity
generated
Annual electricity
generated
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17 63.94 88.65 129.7 180.31
18 63.94 88.65 129.7 180.31
19 63.94 88.65 129.7 180.31
20 63.94 88.65 129.7 180.31
NPV 6939 9620 1104.1 1535.1
total kWh 1104 1104
ETB/kWh 6.28 8.71
ETB/Wp 69.39 96.20

1. Using SWERA generated solar resource estimation of 3.74kWh/m2/day for a national annual average daily radiation

Financial Indicators

Economic Cost

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 129.68 kWhlyear
Total Life Cycle Cost (LCC) = 9620 ETB
Annualized LCC (ALCC) = 1129.96 ETB
Levelised Energy Cost = 8.71 ETB/KWh

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 129.68 kWhlyear
Total Life Cycle Cost (LCC) = 6939 ETB
Annualized LCC (ALCC) = 815.03 ETB
Levelised Energy Cost = 6.28 ETB/KWh

2. Using CESEN generated solar resource estimation of 5.2kWh/m2/day for a national annual average daily radiation

Financial Indicators

Economic Cost

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 180.31 kWhlyear
Total Life Cycle Cost (LCC) = 9620 ETB
Annualized LCC (ALCC) = 1129.96 ETB
Levelised Energy Cost = 6.27 ETB/KWh

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 180.31 kWhlyear
Total Life Cycle Cost (LCC) = 6939 ETB
Annualized LCC (ALCC) = 815.03 ETB
Levelised Energy Cost = 4.52 ETB/kWh

When module price = $0.5/Wp

1. Using SWERA generated solar resource estimation of 3.74kWh/m2/day for a national annual average daily radiation

Financial Indicators

Economic Cost

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 129.68 kWhlyear
Total Life Cycle Cost (LCC) = 3692.14 ETB
Annualized LCC (ALCC) = 433.68 ETB
Levelised Energy Cost = 3.34 ETB/kWh

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 129.68
Total Life Cycle Cost (LCC) = 2643.28
Annualized LCC (ALCC) = 310.48

Levelised Energy Cost = 2.39

kWh/year
ETB
ETB
ETB/kWh

Almost same as economic cost of SCS




2. Using CESEN generated solar resource estimation of 5.2kWh/m2/day for a national annual average daily radiation

Financial Indicators

Economic Cost

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 180.31 kWh/year
Total Life Cycle Cost (LCC) = 3692.14 ETB
Annualized LCC (ALCC) = 433.68 ETB
Levelised Energy Cost = 2.41 ETB/KWh

Annualization Factor Pa(20yrs) = 8.51

Annual Electricity generated = 180.31 kWh/year
Total Life Cycle Cost (LCC) = 2643.28 ETB
Annualized LCC (ALCC) = 310.48 ETB
Levelised Energy Cost = 1.72 ETB/KWh

Almost same as economic cost of electricity from SCS

Just a little bit higher than the economic cost electricity from ICS




Annex 4: Cost Comparison between a Solar Water Heat and an Electric Boiler for Household and Commeril Applications

Application type
System configuration

- Service hot water
- With storage

Building or load type - House
Number of units Occupant 5
Rate of occupancy % 100%
Hot water use L/d 125
Desired water temperature T 40
Days per week systemisused d 7
Cold water temperature -
Minimum T 16
Maximum T 18
Months SWH system in use month 12
Annual Thermal Energy demand  MWh (thermal) 1.27
GJ (thermal) 4.56

Inflation

Project life

Economic Price of Electricity=
Electricity Price =
Annual Energy demand =

Electricity cost escalation rage =

Electricity tariffs considered in the calculations:

Domestic (ETB/kWh) =

General (ETB/kWh) =
Industry (ETB/kWh) =

1.3161
0.4093 ETB/kWh

Discount rate

Annual average daily radiation (kWh/m2/day) = 3.74
(Global radiation on horizontal surface)

% 3%
% 10%
years 20

= as hhs with elec. boiler consume not less than 200kWh/month

1267 kWh/year (thermal)
(Average elec. cost escalation rate = 9.4%- for bolck consumption less than 200kWh/month - for domestic

9.4% consumers)

Financial Cost

(Price) Economic Cost
0.4093 1.3161
0.5341 1.1867
0.3349 1.4922

Efficiency of electric boiler is assumed to be 100%
Electric Boiler Current price for 150 liter Capacity (ETB) =
Solar Water Heater (SWH- 150L) installed price in Addis Ababa(ETB)=

(tariff category for consumption over 100kWh)

(Average electricity cost escalation rate = 8.2%%- for all bolcks - for commercial consumers)

Average tarrif for commercial/ general category (0.4990/0.5691) and

(1.2303/1.1430)
15kV category

1500
5600
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Financial Cost Comparison

Electricity Energy Financial Economic Financial Economical
Cost Inflation required Elec boiler Elec Boiler SWH SWH Cumulative
Year Escalation (kWh/year) (ETB) (ETB) (ETB) (ETB) Saving Saving

0 1.00 1.00 0 1500 1125 5,600 4200.0 -4100 -4100

1 1.09 1.03 1267 567 1824 0 0.0 567 -3533

2 1.20 1.06 1267 621 1996 0 0.0 621 -2912

3 131 1.09 1267 679 2183 142.6 142.6 536 -2376

4 143 1.13 1267 743 2388 0.0 0.0 743 -1633

5 1.57 1.16 1267 813 2613 0.0 0.0 813 -820

6 1.71 1.19 1267 889 2858 155.8 155.8 733 -87

7 1.88 1.23 1267 973 3127 0.0 0.0 973 885

8 2.05 1.27 1267 1064 3421 0.0 0.0 1064 1949

9 2.24 1.30 1267 1164 3743 170.3 170.3 994 2943

10 2.46 1.34 1267 1273 4095 0.0 0.0 1273 4216

11 2.69 1.38 1267 1393 4479 0.0 0.0 1393 5609

12 2.94 1.43 1267 1524 4900 186.1 186.1 1338 6947

13 3.22 1.47 1267 1667 5361 0.0 0.0 1667 8615

14 3.52 151 1267 1824 5865 0.0 0.0 1824 10439

15 3.85 1.56 1267 1995 6416 203.3 203.3 1792 12231

16 4.21 1.60 1267 2183 7020 0.0 0.0 2183 14414

17 4.61 1.65 1267 2388 7679 0.0 0.0 2388 16802

18 5.04 1.70 1267 2613 8401 222.2 222.2 2391 19193

19 5.51 1.75 1267 2858 9191 0.0 0.0 2858 22051

20 6.03 1.81 1267 3127 10055 0.0 0.0 3127 25178

Household NPV = 10786 11297 32627 6015 4615 5282

Cost per kWh = ETB/kWh 1.05 3.02 0.56 0.43
Commercial NPV = 10786 12931 29295 6015 4615
Cost per kwh = ETB/kWh 1.20 2.46 0.56 0.43

(Electricity cost escalation rate of 8.2% is used for commercial applications - an average figure for block consumptions)
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Financial Feasibility (Financial Cost Comparison):

Internal Rate of Return - IRR % 21%
Simple Payback yr 7.6
Year-to-positive cash flow yr 7.1
Net Present Value - NPV ETB 5282
Benefit-Cost (B-C) ratio - 1.88
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Annex 5: Cost Comparison between Diesel and SolaMPWater Pumping

A water pumping system which delivers water for a community of 200 households.

Assumptions:

- 5 persons per household

- 3 livestock per household (Tropical livestock Unit is considered)

Estimated amount of water delivered for a community

for domestic and livestock water supply

Water pumping Daily Water
Description application Unit #of units Water use per unit requirement
Domestic (200hhs*5person) Domestic Person 1,000.0 | L/d/person | 30.0 30
Livestock(200hhs*3cattle) Livestock Head 600.0 L/d/head 40.0 24
Total 54
Daily water requirement m3/d 54
Suction head m 50
Drawdown m 2
Discharge head m 2
Pressure head m 0
Friction losses % 7%
Total head m 57.78
Equivalent energy
demand/day kwh 8.5 (before cosidering loses at generator and pump systems)
Annual  kwh 3103.3
Calorific Value of diesel (MJ/L)= 38.7
Diesel Genset Water Pump Pump efficiency 70%
Financial cost analysis Break thermal Genset efficiency 25%
Genset operating load factor (LF)= 0.8
Fuel Consumpion (L/L) = 8.4E-05 Liter of diesel per liter of water pumped at a given 57.78m head
Fuel cost (ETBI/L) = 4.78 Cost of diesel in Addis Ababa
Daily Water supply (m3) = 54
Cost of fuel per day (ETB) = 21.60 cost of fuel per day at base year
Fuel cost escalation rate = 5%
Discounting rate = 10% Energy requred from fuel/day = 48.6 kwh
Infaltion = 3% Generator Capacity = 3.8 kw
Economic cost of diesel (ETB/L)= 49675 in Addis Ababa (See note below for explanation)
Diesel Genset Cost (ETB/KW) = 3000
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Fuel Annual Annual Salvaged Total
escalation fuel costs Peiodic Capital value of Total survice
Year rate cost Inflation O&M Costs cost genset Cost (Water)
0 1.0 0 1.0 0 0.0 56581.397 56581 0
1 11 8279 1.0 5368 13647 19710
2 11 8693 11 5542 14235 19710
3 1.2 9128 1.1 5721 14849 19710
4 1.2 9584 1.1 5907 15491 19710
5 1.3 10064 1.2 6098 2640.14123 18802 19710
6 1.3 10567 1.2 6297 16864 19710
7 1.4 11095 1.2 6502 17597 19710
8 1.5 11650 1.3 6714 18364 19710
9 16 12233 1.3 6933 19165 19710
10 16 12844 1.3 7159 20158.7457 -2829.07 37333 19710
11 1.7 13486 1.4 7394 20880 19710
12 1.8 14161 1.4 7636 21797 19710
13 19 14869 1.5 7887 22755 19710
14 2.0 15612 1.5 8146 23758 19710
15 2.1 16393 1.6 8414 3548.12904 28355 19710
16 22 17212 1.6 8691 25904 19710
17 2.3 18073 1.7 8978 27051 19710
18 2.4 18977 1.7 9275 28252 19710
19 25 19925 1.8 9582 29508 19710
20 2.7 20922 1.8 9900 27091.6685 -1007.94 56906 19710
21 2.8 21968 19 10229 32197 19710
22 29 23066 1.9 10569 33635 19710
23 3.1 24220 2.0 10921 35141 19710
24 3.2 25431 2.0 11286 36716 19710
25 3.4 26702 2.1 11663 4768.38874 -2709.17 40424 19710
NPV 246921 178908
Capital Costs
Cost of diesel genset (ETB) = 11387 Read Note below
Cost of water pump (ETB) = 16000 AC submersible pump (Q60m3/d, H60m)
Cost of Pipes/reservior (ETB)= 17000 10m3Rotot tank+60m 2inch flexible PVC pipe
Installation & transport (ETB)= 9000 This includes training as well
Other electrical equipment(ETB)= 500 Extra cables connectors, etc
Contingency (5%)= 2694.35
Total system cost (ETB) = 56581.4
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Annual Costs

O&M 3600 1 person at ETB300/month

Oil change 600

Genset service & maintenance = 1000 (filters, minor maintenance,etc 4 times a year)
Total 5200

Periodic Costs

Genset (Overhaul) 2277.41 20% of cost of genset every five years

Purchase of new genset 15000 Replacement of genset every 10 years

Financial Cost per m3 of water (ETB/m3)= 1.38 discounting water delivered over 25 years

Economic Cost per m3 of water (ETB/m3)= 1.39 (no diff. b/n financial and economic cost for diesel genset water pump)
Note:

Assuming delivering of 54m3 of water daily from 57.8m head,

daily energy required without considering generator and

pump efficiency is 8.5kWh. Assuming pump efficiency of 70%,

load factor of 0.8 and 4 hours of operation per day, The genset capacity
will therefore be 3.8kW.

Cost of genset is = 3.8kW x ETB3000/kW=ETB 11,387

When choosing size of genset, aquifer recharging rate must also be taken into consideration.
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Solar Water Pump

Daily water Requirement M3/d 54

Daily water Requirement L/s 4.01
Daily average radioation (kWh/m2/day) = 3.74
Daily energy Solar Elect. Demand (kWh)= 12.8
Module size required (KWp) = 34
Cost of module per Wp (ETB/Wp) = 63
Economic Cost of Modules (ETB/Wp) = a7

Financial Cost Analysis

pump operating for 3.74 peak sunshine hours

National annual average solar radiation (SWERA estimation)
Assuming 67% efficiency (i.e. 70% pump efficiency and 5% wire loses,etc)

Economic Cost of PV

Annual Total Capital Annual Total
Year Capital Cost Cost Cost Cost Cost Cost

0 283258.447 0 283258 224629.96 0 224630
1 1854 1854 1854 1854
2 1910 1910 1910 1910
3 1967 1967 1967 1967
4 2026 2026 2026 2026
5 2087 2087 2087 2087
6 2149 2149 2149 2149
7 2214 2214 2214 2214
8 2280 2280 2280 2280
9 2349 2349 2349 2349
10 2419 2419 2419 2419
11 2492 2492 2492 2492
12 2566 2566 2566 2566
13 2643 2643 2643 2643
14 2723 2723 2723 2723
15 2804 2804 2804 2804
16 2888 2888 2888 2888
17 2975 2975 2975 2975
18 3064 3064 3064 3064
19 3156 3156 3156 3156
20 3251 3251 3251 3251
21 3349 3349 3349 3349
22 3449 3449 3449 3449
23 3552 3552 3552 3552
24 3659 3659 3659 3659
25 3769 3769 3769 3769
NPV 304626 245997

Cumulative
Savings Saving
-226677.05  -226677.05
11793 -214884
12325 -202558
12882 -189676
13465 -176211
16716 -159495
14714 -144781
15383 -129398
16083 -113314
16817 -96497
34914 -61583
18388 -43195
19230 -23965
20112 -3853
21035 17183
25551 42733
23015 65749
24076 89825
25187 115012
26351 141364
53655 195018
28848 223866
30186 254053
31588 285641
33057 318699
36656 355354
($57,705)
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Financial Cost Analysis
Capital Cost

Cost of PV Module (ETB) = 215369.9
Cost of DC solar pump (ETB) = 24000
Cost of Pipe and reservoir(ETB)= 17000
Installation and transport (ETB) = 10000
Cost of module support frame 3400
Contingency 5% 13488
Total system cost (ETB) = 283258.4
Annual Costs

0&M 1800
Economic Cost

System cost (ETB) = 213933.3
Contingency 5% (ETB)

= 10696.66
Total System Cost (ETB)= 224630

(DC pump with switch and regulator - no need for inverter)

this includes training as well
assuming ETB100 per m2 area of module

As there is no much work on operation

Financial Cost per m3 of Water (ETB/m3)=
Economic Cost per m3 of Water (ETB/m3)=

Cost per m3 of water usnig 5.2 kwh/m2/day (estimati
Financial Cost per m3 of Water (ETB/m3)=
Economic Cost per m3 of Water (ETB/m3)=

1.70
1.37

on by CESEN for national average)
1.35
1.02

(NOTE: Diesel Fuel price must be above ETB 7.20/L for PV water pump to compete with diesel pump)

Financial Feasibility Indicators (Based on Financia | Cost Comparison):

Internal Rate of Return - IRR % 7%
Simple Payback yr 15.6
Year-to-positive cash flow yr 14.2
Net Present Value -

NPV ETB -57705
Benefit-Cost (B-C) ratio - 0.81
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Annex 6

Manufacturer’s Information — Specification and Performance of a Wind Generator

&

Model BWC XL
Manufacturer Bergey Windpower
Swept area, square feet 528

Rotor diameter, fest 8.2

Cut-in wind speed, mph 5.6

Rated wind speed, mph 24 6

Rated output, watts 1.000

Peak output, watts 1,800
Maximum design wind speed, mph 120

RHpm at rated output 490

Blade material Pultruded fiberglass
Tip speed ratio (TSR] LB
Generator type PM 3 AC tc DC
Governing system Side facing
Governing wind speed, mph 29.0
Shut-down mechanism Dynamic brake
Tower top weight, pounds 75

Lateral thrust, pounds 200
Battery system voltages 24

Controls included in cost

Battery controller

Litility intertie With battenes
KWH !/ month @ 8 mph 55
KWH / menth @ 9 mph 85
KWH / month @ 10 mph 115
KWH / month @ 11 mph 150
KWH / menth @ 12 mph 188
KWH ! month @ 13 mph 220
KWH ! month @ 14 mph 250
Cost, USH $1,695.00
Cost per sq. ft. swept area, USE $32.10
Cost per pound, US§ $22 60
Weight per swept area, pounds 1.42
Weight per TSR, pounds 13
Years in production 1
Warranty, years 5

Routine maintenance

Notes

Annual inspection

=]

FPower Output | k)

Wind Generator Power Curve

75

for
BWC XL.1
(Bergey Windpower)
] 5 10 15 20 25
Wind Speed {mis}
Wind Power
speed Output
(m/s) (kW)
0 0
1 0
2 0
3 0
4 0.062
5 0.123
6 0.233
7 0.376
8 0.54
9 0.7
10 0.891
11 1.064
12 1.208
13 1.24
14 1.202
15 1.149
16 1.099
17 1.047
18 0.993
19 0.941
20 0.895
21 0.848
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Annex 7 Analytical Calculation for Wind Turbines Performanc e
An Excell spread sheet model which uses mean wind s  peed to perform analystical calculation of wind mac hine performance.

Input data

Site Altitiude - is the meters above sea level for the project site.

Anemometer Height - is the height at which the average wind speed is measured. If the SWERA generated annual mean wind speed is used, the value to input is
50 meters.

Mean Wind speed - annual average wind speed in meters per second at the height of measurement (at the anemometer height).

Weibull k - The probability distribution of wind speed where k is the shape factor. An excellent fits to the distribution curve is obtained for values of k ranging between
1.8 to 2.3. Rayleigh distribution is a special case of Weibull distribution where the value of k =2. If Weibull k is not know, use k = 2 fo inland sites, use 3 for coastal
sites as a first approximation.

Wind Shear Exponent - The user enters the wind shear exponent, which is a dimensionless number expressing the rate at which the wind speed varies with the
height above the ground. A low exponent corresponds to a smooth terrain whereas a high exponent is typical of a terrain with sizeable obstacles. This value is used
to calculate the average wind speed at the wind turbine hub height and at 10 m. The wind shear exponent typically ranges from 0.10 to 0.40. The low end of the
range corresponds to a smooth terrain (e.g. sea, sand and snow from 0.10 to 0.13). A wind shear of 0.25 corresponds to a rough terrain (i.e. with sizeable
obstacles). The high end of the range (0.40) corresponds to a project in an urban area. A value of 0.14 (=1/7) is a good first approximation when the site
characteristics are yet to be determined.

Tower Height - is the hub height of the turbine (eg. 30 meters).

Turbulence Factor - is a derating for turbulence, product variability, and other performance influencing factors. Use 0.1 (10%) - 0.15 (15%) in most cases. Setting
this factor to 0% will over-predict performance for most situations.

Hub Height is the height of the turbine's hub height.

Turbulence Factor is a derating for turbulence, product variability, and other performance influencing factors. Use 0.1 (10%) - 0.15 (15%) is most cases. Setting
this factor to 0% will over-predict performance for most situations.

This is a simple spread sheet model which uses the mean wind
speed to perform analytical calculation of wind machine
performance. It can be helpful to maximize the benefite of the
SWERA generated wind data which provides an estimation of
annual mean wind speed for any particular location. The user
inputs project site specific data (eg. Avg. wind speed, site
altitude, anemometer height, etc.) and the wind turbine power
curve data as provided by the manufacturer (Column 2). The
probility of wind speed (Column 4) for the range of wind speeds
graduated into bins of 1m/s (Column 1) starting from Om/s up to
20m/s is calculated using the Weibull and Rayleigh probability
distribution of wind speed and a shape factor, k. Instantaneous
wind turbine power (Column 5) is calculated by multiplying the
corrected wind power on the turbine power curve (Column 3) for
each bin of wind speed by the Weibull wind speed probability
(Column 4).

The results or the output of the model are the annual mean wind
speed at the hub height, air density factor (which is an input to
correct the performance of the turbine curve for a specific site),
average output power (which is the sum of instantaneous wind
turbine power), daily energy output (the sum of the average
power output of the turbine on a continuous, 24 hour, basis),
monthly and annual energy output, and percent operating time
(the time the turbine is producing some power).

The definitions given for each calculated cell (and column) help
the user to develop this model on Excel spread sheet.

Outputs / Results
Hub Mean Wind Speed - extrapolated wind speed at the height of the turbine hub.

Air Density Factor - the reduction of air density at a given altitude from sea level.
Average Power Output - is the average continuous equivalent output of the turbine.
Daily Energy Output - average energy produced per day.

Annual and Monthly Energy Output -  Calculated using the daily value.

Percent Operating Time - sum of the time the turbine generates some power.

Instruction - How to Develop the Spread Sheet:

First enter all site data required under the Input column. S
Then, enter the formulae below in each cell under the Output column:
H : Hub Mean Wind Speed (m/s) = C*(F/B)E 4,000
| : Air Density Factor = -0.18 Read from the graph for the corresponding altitude
J : Average Output Power (kW) = The value of the sum under Column 5 in the table below .
K : Daily Energy Output (kwh) = J*24 %3'0007
L : Annual Energy Output (kWh) = K * 365 E
M : Monthly Energy Output (kWh) = L/12 = 2000
Percent Operating Time = Sum of Column 4 where the turbine is producing some power

1,000+

Inputs: Outputs: '
Site Altitude (m) = 2,000 Hub Mean Wind Speed (m/s) = ]6.53
Anem. Height (m) = |10 Air Density Factor = |-0.18 e 07 A Denigy Ratio na 1.0

Mean Wind Speed(m/s) = |5.6 Average Output Power (kW) = 10.17

The graph shows that at an altitude of 2000m, the air density ratio is about 0.82,

Weibull K = |2 Daily Energy Output (kWh) = ]4.1

meaning that air at that altitude is 82% as dense as air at standard temperature and

Wind Shear Exp. = [0.14 pressure. (In other words, air density factor is -18%).

Annual Energy Output (kWh) = ]1,508.5

Tower Height (m) = |30 Monthly Energy Output (kWh) = ]125.7

O@MmmoO >
ZZI - Xe T

Turbulence Factor = ]0.10

Percent Operating Time = |89.1%




Use the instruction in the text box on the right side of the page to generate the values in the table:-

This table is used to estimate the average power that SW Whisper H40 wind turbine can generate:-

_Column 1 Column 2 Column 3 __Column 4 Column 5 Instruction - to generate the values in the table

Wind speed (m/s) Power (kW) Corrected Power (KW) Wind  Probability ( ®,) net kw@v Column 1:
0 0 0.000 0.00 0.00000 _— . . . .
1 0 0.000 0.04 0.00000 Enter numbers 0 to 20 as bins of wind speed. These are wind speeds in meters per
2 0 0.000 0.07 0.00000
3 0 0.000 0.09 0.00000
4 0.033 0.024 0.11 0.00268
5 0.071 0.052 0.12 0.00609 Eneter these values from the manufacturers description of the turbines power curve
6 0.132 0.097 011 0.01108 for various wind speeds.In this example SW Whisper H40 wind turbine is used. See
7 0.201 0.148 0.10 0.01546 the manufacturer's information for the power curve.
8 0.285 0.209 0.09 0.01895
9 0.4 0.294 0.07 0.02182 .
10 0514 0.378 0.06 0.02188 Column 3. - _ o _
1 0.65 0.478 0.04 0.02060 In each cell in Column 3 put the value obtained by multiplying the corresponding row
12 0.801 0.589 0.03 0.01806 of each cell in Column 2 by (1 - G) * (1 + |)
13 0.904 0.664 0.02 0.01387
14 0.92 0.676 0.01 0.00920 Column 4:
15 0.906 0.666 0.01 0.00566 In each cell in column 4 put the value obtained using the following formula:
16 0.881 0.647 0.01 0.00330 [D/(1.123*H)] * [Column1/(1.123*H)]®Y * Exp[-(Column1/1.123*H)"]
ot 0.852 0.626 0.00 0.00184 i.e., Columnl means the corresponding row cell in Column 1
18 0.819 0.602 0.00 0.00098 €., :
19 0.771 0.566 0.00 0.00049
20 0.734 0.539 0.00 0.00024 Column 5:

Totals = 1.00 0.172 Multiply the corresponding row cells of Column 3 and Column 4 and put the product in

each cell of Column 5.

Summary

This spread sheet takes SW Whisper H40 wind turnibe of 0.9kW rated power as an example to develop
the model. The user can develop the model on Excel spread sheet following the instructions given above
and use it to perform analytical calculation of any wind turbine whose power curve is available.

Mean annual wind speed for any particular location in Etihopia is made available in the SWERA wind
atlas.

In the absence of detail information, this model can provide a very good first approximation of energy
generation using a particular type of wind turbine in a certain location.

If sufficient data is availble, other softwares like RETScreen, WASP, etc provide better estimations of
energy production.

References

1. J.W.Twidell and A.D. Weir, Renewable Energy Resources, Cambridge University Press, 1986.
2. National Renewable Energy Laboratory, HOMER - The Micropower Optimization Model,Vs. 2.42.
3. Mick Sargillo, Home Power - Choosing a Home-Sized Wind Generator, 2002.
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Annex 8

Developed using Excell spread sheet model which use

Analytical Calculation for BWC XL.1 Wind Turbines P

Used to calculate the Annual Energy Output in kWh

erformance
s annual mean wind speed and wind generators power curve.

Summary

This spread sheet takes BWC XL.1 wind turnibe of 1kW rated power as an example to develop the model. The user can develop the
model on Excel spread sheet following the instructions given in the Annex for "How to Develop the Model"

Inputs: Outputs:
Site Altitude (m) = 12,000 Hub Mean Wind Speed (m/s) = |5.49
Anem. Height (m) = |50 Air Density Factor = -0.18
Mean Wind Speed(m/s) = 6.5 Average Output Power (kW) = {0.20
Weibull K = |2 Daily Energy Output (KWh) = 4.8
Wind Shear Exp. = |0.14 Annual Energy Output (kWh) = ]1,735.6
Tower Height (m) = |15 Monthly Energy Output (kWh) = |144.6
Turbulence Factor = ]0.10 Percent Operating Time = |85.0%
This table is used to estimate the average power that BWC XL.1 wind turbine can generate:-
Column 1 Column 2 Column 3 Column 4 Column 5
Wind speed (m/s) Power (kW) Corrected Power (KW) Wind Probability ( ®,) net kw@v
0 0 0.000 0.0000 0.00000
1 0 0.000 0.0512 0.00000
2 0 0.000 0.0947 0.00000
3 0 0.000 0.1245 0.00000
4 0.062 0.046 0.1381 0.00629
5 0.123 0.090 0.1363 0.01231
6 0.233 0.171 0.1224 0.02096
7 0.376 0.276 0.1015 0.02804
8 0.54 0.397 0.0782 0.03102
9 0.7 0.514 0.0563 0.02894
10 0.891 0.655 0.0379 0.02483
11 1.064 0.782 0.0240 0.01878
12 1.208 0.888 0.0143 0.01271
13 1.24 0.911 0.0080 0.00732
14 1.202 0.883 0.0043 0.00376
15 1.149 0.844 0.0021 0.00180
16 1.099 0.808 0.0010 0.00081
17 1.047 0.769 0.0004 0.00034
18 0.993 0.730 0.0002 0.00014
19 0.941 0.691 0.0001 0.00005
20 0.895 0.658 0.0000 0.00002
Totals = 1.00 0.198

analytical calculation of any wind turbine whose power curve is available.

Mean annual wind speed for any particular location in Etihopia is made available in the SWERA wind atlas. In the absence of detail
information, this model can provide a very good first approximation of energy generation using a particular type of wind turbine in a
certain location.
If sufficient data is availble, other softwares like RETScreen, WASP, etc provide better estimations of energy production.

and use it to perform
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Annex 9- Feasibility of Wind Farm generated using RETScren modeling software.

RETScreen ® Financial Summary - Wind Energy Project

Yearly Cash Flows

Annual Energy Balance

Year Pre-tax After-tax Cumulative
Project name wind Farm # $ $ $
Project location ,Ethiopia [9) (8,199,371) (8,199,371) (8,199,371)
Renewable energy delivered MW h 36,872 Net GHG reduction tcoz/yr 331 1 276,442 276,442 (7,922,929)
Excess RE available MWh - 2 384,899 384,899 (7,538,030)
Firm RE capacity kw Net GHG emission reduction - 21 yrs tcoz 6,947 3 497,412 497,412 (7,040,618)
Grid type Central-grid Net GHG emission reduction - 25 yrs tcoz 8,270 4 614,073 614,073 (6,426,545)
5 734,974 734,974 (5,691,571)
Financial Parameters 6 860,197 860,197 (4,831,374)
7 989,822 989,822 (3,841,552)
Avoided cost of energy $/kWh Debt ratio % 70.0% 8 1,123,920 1,123,920 (2,717,633)
RE production credit $/ikwh [ -] Debtinterest rate % 8.0% 9 1,262,554 1,262,554 (1,455,079)
Debt term yr 15 10 (753,148) (753,148) (2,208,227)
11 1,553,632 1,553,632 (654,595)
GHG emission reduction credit $/tcoz 8.0 Income tax analysis? yes/no | No 12 1,706,148 1,706,148 1,051,553
GHG reduction credit duration yr 21 13 1,863,339 1,863,339 2,914,892
GHG credit escalation rate % 3.0% 14 2,025,204 2,025,204 4,940,096
15 (980,448) (980,448) 3,959,647
16 4,598,015 4,598,015 8,557,662
Energy cost escalation rate % 5.0% 17 4,773,684 4,773,684 13,331,347
Inflation % 8.0% 18 4,953,804 4,953,804 18,285,150
Discount rate % 10.0% 19 5,138,248 5,138,248 23,423,398
Project life yr 25 20 665,902 665,902 24,089,300
21 5,519,441 5,519,441 29,608,741
22 5,710,686 5,710,686 35,319,427
23 5,910,297 5,910,297 41,229,724
Initial Costs Annual Costs and Debt 24 6,113,016 6,113,016 47,342,740
Feasibility study 0.8% $ 216,400 Oo&M $ 526,823 25 6,318,446 6,318,446 53,661,186
Development 1.4% $ 380,000
Engineering 2.3% $ 630,000 Debt payments - 15 yrs $ 2,235,167
Energy equipment 76.1% $ 20,787,200 Annual Costs and Debt - Total $ 2,761,990
Balance of plant 11.7% $ 3,186,000
Miscellaneous 7.8% $ 2,131,635 Annual Savings or Income
Initial Costs - Total 100.0% $ 27,331,235 Energy savings/income $ 2,931,288
Capacity savings/income $ -
Incentives/Grants $ I
GHG reduction income - 21 yrs $ 2,646
Annual Savings - Total $ 2,933,935
Periodic Costs (Credits)
Drive train $ 1,000,000 Schedule yr # 10,20
Blades $ 1,000,000 Schedule yr # 15
$ -
End of project life - Credit $ -
Financial Feasibility
Calculate energy production cost? yes/no Yes
Pre-tax IRR and ROI % 13.5% Energy production cost $/kWh 0.0708
After-tax IRR and ROI % 13.5%  Calculate GHG reduction cost? yes/no Yes
Simple Payback yr 11.4 GHG emission reduction cost $/tcoz (1,464)
Year-to-positive cash flow yr 11.4 Project equity $ 8,199,371
Net Present Value - NPV $ 4,395,366 Project debt $ 19,131,865
Annual Life Cycle Savings $ 484,229 Debt payments $/yr 2,235,167
Benefit-Cost (B-C) ratio - 1.54 Debt service coverage - 1.12

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

NRCan/CETC - Varennes
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Renewable energy delivered (MWh/yr): 36,872

60,000,000

Wind Energy Project Cumulative Cash Flows
Wind Farm, ,Ethiopia

Total Ini  tial Costs: $ 27,331,235

Net average GHG reduction (t  co.fyr): 331

50,000,000 -

40,000,000

30,000,000 -

20,000,000

Cumulative Cash Flows ($)

10,000,000 A

12 13 14 15 16 17 18

19 20 21 22 23 24 2

(10,000,000)

(20,000,000)

IRR and ROI: 13.5%

Years

Year-to-positive cash flow: 11.4 yr

Net Present Value: $ 4,395,366

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

NRCan/CETC - Varennes
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RETScreen ® Sensitivity and Risk Analysis - Wind Energy Projec

Use sensitivity analysis sheet?
Perform risk analysis too?
Project name

Project location

Sensitivity Analysis for After-tax IRR and ROI

Yes

Wind Farm
,Ethiopia

t

Perform analysis on
Sensitivity range
Threshold

Avoided cost of energy ($/kwh)

After-tax IRR and ROI

RE delivered 0.0636 0.0716 0.0795 0.0875 0.0954
(MWh) -20% -10% 0% 10% 20%
29,497 -20% 1.1% 4.2% 7.0% 9.6% 12.2%
33,184 -10% 4.2% 7.3% 10.3% 13.2% 16.0%
36,872 0% 7.0% 10.3% 13.5% 16.6% 19.8%
40,559 10% 9.6% 13.2% 16.6% 20.1% 23.6%
44,246 20% 12.2% 16.0% 19.8% 23.6% 27.5%
Avoided cost of energy ($/kWh)
Initial costs 0.0636 0.0716 0.0795 0.0875 0.0954
($) -20% -10% 0% 10% 20%
21,864,988 -20% 11.4% 15.5% 19.6% 23.7% 27.9%
24,598,112 -10% 9.0% 12.6% 16.1% 19.7% 23.3%
27,331,235 0% 7.0% 10.3% 13.5% 16.6% 19.8%
30,064,359 10% 5.4% 8.4% 11.3% 14.2% 17.0%
32,797,482 20% 4.1% 6.9% 9.6% 12.2% 14.7%
Avoided cost of energy ($/kwh)
Annual costs 0.0636 0.0716 0.0795 0.0875 0.0954
$) -20% -10% 0% 10% 20%
421,459 -20% 8.7% 11.9% 15.0% 18.1% 21.3%
474,141 -10% 7.9% 11.1% 14.2% 17.4% 20.5%
526,823 0% 7.0% 10.3% 13.5% 16.6% 19.8%
579,506 10% 6.1% 9.5% 12.7% 15.8% 19.0%
632,188 20% 5.2% 8.6% 11.9% 15.1% 18.2%
Debt ratio (%)
Debt interest rate 56.0% 63.0% 70.0% 77.0% 84.0%
(%) -20% -10% 0% 10% 20%
6.4% -20% 13.5% 14.2% 15.0% 16.0% 17.5%
7.2% -10% 13.1% 13.6% 14.2% 15.0% 16.2%
8.0% 0% 12.6% 13.0% 13.5% 14.1% 14.9%
8.8% 10% 12.1% 12.4% 12.7% 13.2% 13.7%
9.6% 20% 11.7% 11.8% 12.0% 12.3% 12.6%
Debt term (yr)
Debt interest rate 12.0 13.5 15.0 16.5 18.0
(%) -20% -10% 0% 10% 20%
6.4% -20% 14.0% 14.7% 15.0% 15.5% 15.9%
7.2% -10% 13.5% 14.0% 14.2% 14.7% 15.0%
8.0% 0% 12.9% 13.4% 13.5% 13.9% 14.1%
8.8% 10% 12.3% 12.8% 12.7% 13.1% 13.2%
9.6% 20% 11.8% 12.1% 12.0% 12.3% 12.3%
GHG emission reduction credit  ($/tcoz)
Net GHG emission reduction - 21 yrs 6.4 7.2 8.0 8.8 9.6
(tcon) -20% -10% 0% 10% 20%
5,557 -20% 13.5% 13.5% 13.5% 13.5% 13.5%
6,252 -10% 13.5% 13.5% 13.5% 13.5% 13.5%
6,947 0% 13.5% 13.5% 13.5% 13.5% 13.5%
7,641 10% 13.5% 13.5% 13.5% 13.5% 13.5%
8,336 20% 13.5% 13.5% 13.5% 13.5% 13.5%

Version 3.2

© Minister of Natural Resources Canada 1997-2005.

NRCan/CETC - Varennes
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Risk Analysis for After-tax IRR and ROI

Parameter Unit Value Range (+/-) Minimum Maximum
Avoided cost of energy $/kWh 0.0795 15% 0.0676 0.0914
RE delivered MWh 36,872 15% 31,341 42,402
Initial costs $ 27,331,235 20% 21,864,988 32,797,482
Annual costs $ 526,823 15% 447,800 605,847
Debt ratio % 70.0% 5% 66.5% 73.5%
Debt interest rate % 8.0% 30% 5.6% 10.4%
Debt term yr 15 0% 15 15
GHG emission reduction credit $ltcon 8.0 50% 4.0 12.0

Impact on After-tax IRR and ROI

Initial costs

I Avoided cost of energy

| RE delivered

g
- &
Debt interest rate E
Annual costs E
el >
. )
D Debt ratio =
| 2
GHG emission reduction credit @
Debt term
-0.800 -0.600 -0.400 -0.200 0.000 0.200 0.400 0.600
Effect of increasing the value of the parameter
Median % 13.3%
Level of risk %
Minimum within level of confidence % 8.5%
Maximum within level of confidence % 18.4%
Distribution of After-tax IRR and ROI
14%
12%
10%
>
2 8%
5}
3
g 6%
i
4%
- :l_l_
| ——
0% T u u u u t f
54% 64% 73% 83% 93% 10.3% 11.2% 12.2% 13.2% 142% 151% 16.1% 17.1% 181% 19.0% 20.0% 21.0% 22.0% 22.9% 23.9%
After-tax IRR and ROI (%)
Minimum Median Maximum
Level of confidence = 90%
8.5% 13.3% 18.4%
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Annex 10.

Figure A10.1

Energy flows in the Ethiopian Energy System (fromhe LEAP model)
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Annex 10

Table A10.1

Ethiopian GDP development, 2000-2005

Items Year
1999/00 2000/01 2001/02 2002/03 2003/04 2004/05
GDP at Constant Basic Pridges 59,575 63,973 63,756 61,654 68,472 74,506
Sector Agriculture & 28,595 31,626 30,950 27,361 32,100 35,948
Allied Activities
Industry| 7,457 7,817 8,213 8,665 9,254 9,865
Services 24,197 25,122 24,997 26,096 27,614 29,221
Growth in Real GDP 5.4 7.4 -0.3 -3.3 11.1 8.8
Real GDP per capita 951.9 993.1 961.9 904.4 976.8 1034.0
Share in GDR  Agriculture & 44 45 49 44 47 48
(in %) Allied Activities
Industry| 13 12 13 14 14 13
Services 41 39 39 42 40 39
Growth in Real GDP per capita 2.3 4.3 -3.1 -6.0 8.0 5.9
Agriculture & Growth 2.2 10.6 2.1 -11.6 17.3 12.0
A. Activities
Industry Growth 1.8 4.8 5.1 55 6.8 6.6
Services Growth 9.5 3.8 -0.5 4.4 5.8 5.8

Source: National Bank of Ethiopia (onlingwatvw.nbe.govdtased on data from the
Ministry of Finance and Economic Development ariel SIBf computations.
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