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A favorable geographical locationA favorable geographical location

An economy in growthAn economy in growth

Burundi’s economy is currently in growth. It
wasn’t until 2010 that the country returned toy
its pre war level of GD P per capita (179 USD )
and the GD P is growing regularly due to anand the GD P is growing regularly due to an
economic growth rate close to 4 per cent in
h l fthe last few years.
Projections show a growth of about 10 perProjections show a growth of about 10 per
cent over the next years.

Energy Sector
Biomass: 94%

Electricity:3 5%Electricity:3.5%
Oil: 2.5%

ElectricityElectricity
Hydro: 80%

Thermal: 20%Thermal: 20%

Hydro exploitable potential: 300 MW

H d i t ll it 32 6 MWHydro install capacity: 32.6 MW

Thermal install capacity: 20.5 MW

CConsumption capacity: 52 MW

Importation capacity: 15 MW from RDC and SINELAC

DDemand capacity: 72 MW

Deficit capacity: 20 MW; Access rate=4.5% (urban); rural =1%



Potential for hydropower
A considerable potential for hydropower

Potential for hydropower

Potential evaluated at 1,700 MW;
300 MW i ll l i bl300 MWwere economically exploitable

156 potential hydropower sites and
29 existing sites .

F th 30 it h b l dFewer than 30 sites have been explored.

A potential for solar energyA potential for solar energy
2000 kWh/m2/ ear2000 kWh/m2/year

Solar energy in Burundi, very
interesting option.

Photovoltaic technologyPhotovoltaic technology
Thermal solutions.

• Rural electrification by solar home
systems
• Solar pumps
• Stand alone photo oltaic generators• Stand alone photovoltaic generators
• Hybrid photovoltaic plants for remote areas
• Grid connected photovoltaic plants

Awind power potential ready for
assessmentassessment

No feasibility studies

The wind power potential of
Burundi is less than 4.8 m/s

Favorable conditions at certain
sites

Wind power could be developed

A geothermal potential to be evaluatedA geothermal potential to be evaluated
High temperature aquifers (from 150 to 350 °C) by a turbo generator

Burundi is located in the Great AfricanBurundi is located in the Great African
Rift Valley

A maximum of approximately 70 °C



A substantial biomass potential to be
evaluated

i. Urban waste.

• Electricity by methanisation (biogaz)
• Peat based on electricity production
• The use of sugar cane residues (bagasse) to produce electricity
•Methanisation requires the existence of a waste management system.

ii Peat used Energy substitutionii. Peat used Energy substitution

iii. Bagasse : The plant is a 2 x 2 MW cogeneration unit.

Private investorsPrivate investors

G SO i l iliREGIDESO, National Utility.
ABER, Rural Electrification.
The new law opens for the state to entrust the
provision of public and encourage privatep p g p
investment : IPPs, PPPs, PPAs, BOO (20 MW solar
PV in project) to be considered.

opportunities within the management ofopportunities within the management of
Burundi’s local electrical infrastructures.

Costs and Tariff affordable
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SUPPLY DEMAND COMPARISON IN DRY SEASON

65.0

70.070 MW

SUPPLY DEMAND COMPARISON IN DRY SEASON

50.0

55.0

60.0

50 MW

60 MW

Projection de la demande

40.0

45.0

40 MW

tia
l

Demand Side Management

25.0

30.0

35.0

30 MW

Po
te
nt g

centrale thermique

10 0

15.0

20.0

10 MW

20 MW
centrale thermique

5.0

10.0

0 MW

10 MW

2009 2010 2011 2012 2013 2014

capacité hydro ferme disponible avant
nouveaux investissements

2009 2010 2011 2012 2013 2014

ENERGETIQUE DEFICIT d fi it t t kl

DemandDemand > > OfferOffer DeficitDeficit

300 000MWh

350,000MWh

300 000MWh

350,000MWh

ENERGETIQUE DEFICIT, deficit to tackle

250,000MWh

300,000MWh

250,000MWh

300,000MWh

150,000MWh

200,000MWh

150,000MWh

200,000MWh

Po
te
nt
ia
l

Demande d'énergie

Energie fournie

Production d'énergie (brute)

100,000MWh

,

100,000MWh

, Production d énergie (brute)

0 MWh

50,000 MWh

0 MWh

50,000 MWh

2006 2007 2008 2009 2010 2011 2012 2013 2014

A deficit of 13 MW in rain season and 23 MW
i din dry season

hydrohydro thermalthermal importationimportationhydro, hydro, thermal, thermal, importationimportation
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A favorable legal and regulatory
framework

A liberalized electricity sectorA liberalized electricity sector
Burundi has established a legislative and regulatory framework for structuring the energy sector
and promoting participation of private investors.
Law No. I/014 of 1 August 2000 relates to the liberalization and regulation of the public services of
water and electricitywater and electricity.
• The production, transmission and distribution of electricity are all public services. These public
services
can be assigned in various ways (including leasing or concession) to public or private entities.
S lf d ti (i l di d ti t i i d di t ib ti ) itt d f i t• Self production (including production, transmission and distribution) are permitted for private

use after authorizations are obtained.
• Creating transmission lines to serve third parties is allowed if public service does not yet exist
where such arrangements are proposed.
• Self producers can sell their surplus to public service managers through a price agreement• Self producers can sell their surplus to public service managers through a price agreement.
• Similarly, the use of public transmission lines is possible through a price agreement.
• The exporting of self generated energy is allowed.
• In remote areas, private production, transmission and distribution is permitted.

Legal&Regulatory instrumentsLegal&Regulatory instruments
• A control and regulation entity was established by Decree No 100/320 dated 22 December• A control and regulation entity was established by Decree No. 100/320 dated 22 December
2011. This entity, called the Control and Regulation Agency for the Water and Electricity Sectors in
Burundi, has as main mandate to ensure the development of an orderly and profitable water and
electricity sector in Burundi. It should control, regulate and monitor activities related to water and
electricity in order to ensure compliance with contract conditions for delegation as well asy p g
specifications and additional clauses on the part of operators. It should also ensure the
implementation, monitoring and application of tariffs in accordance with the pricing principles that
have been established by regulation.

• A rural electrification agency was established by Decree No. 100/318 dated 22 December 2011.
The objective of this entity, called the Burundian Agency for Rural Electrification (ABER), is to
develop and implement rural electrification projects and programmes, including small scale
hydropower, solar and wind energy, as well as other forms of energy that can improve electricity
access for the rural population. The entity is currently under establishment.access for the rural population. The entity is currently under establishment.

. Decrees to promote self production and re sales of surpluses to the national distributor are being
developed.
• A law on PPP (Public Private Partnership) has been proposed by the government to the
parliament and will soon be adopted. This law includes specific actions under the term called IPPp p p
(Independent Power Producer).



A new legal framework favorable to
private companies

Burundi made major reforms in 2011 to improve its business climate Procedures for creating aBurundi made major reforms in 2011 to improve its business climate. Procedures for creating a
business and obtaining construction permits have been substantially simplified, and measures to
ensure better protection of investors have been adopted. Efforts carried out in 2012 to improve the
business climate include seven indicators: creation of an enterprise, obtaining construction permits,
access to electricity, transfer of property, paying taxes, cross border trading and resolving

l h d l d h h h l f d f d finsolvency. These indicators are materialised through the simplification and significant reduction of
costs, time and number of procedures.

• Burundi’s adhesion to the Treaty for the Establishment of the East African Community complies
Burundi to modify national laws to ensure the strict application of the rules of the treaty. Burundi
now belongs to a regional common market consisting of Kenya, Tanzania, Uganda, Rwanda
and Burundi, that is in favor of commercial trade between member states. The EAC allows for
harmonization of customs tariffs and procedures within the community. The Treaty is preparing the
establishment of a common currency.

Legal FrameworkLegal Framework
Law No 1/24 dated 10 September 2008 has created a new investment code in Burundi withLaw No. 1/24 dated 10 September 2008 has created a new investment code in Burundi with
special provisions conducive to foreign investment.
• The new Investment Code introduces the possibility of using international arbitration in order
to resolve disputes between the government and investors. Section 13 of the Investment Code
prohibits the nationalization and expropriation of investments or any measure of equivalent effect. Inp p p y q
exceptional cases of expropriation for the public interest, the code guarantees investors a procedure
that is in accordance with law and that is accompanied by fair ex ante compensation and appeal, and
if necessary, to litigation and internal or international institutional arbitration.
• Law No. 1/23 of 24 September2008 has defined all the tax benefits underway for investors in
Burundi.
• The Investment Promotion Agency was created by presidential decree No. 1/177 of 19 October
2009. Its mission is to promote investment and exports, especially to inform, assist and support
investors to obtain necessary documents and/or to ensure compliance with formalities required by
law The Agency also participates in the elaboration of reforms to improve the business climate Finallylaw. The Agency also participates in the elaboration of reforms to improve the business climate. Finally,
they advocate towards the public administration in cases of non application or misapplication of laws
or regulations related to the promotion of investments and exports.

• Law No. 1/09 of 30 May 2011 changed the company laws in Burundi. This law defines the possible
structures of companies, their organization and their management. The law identifies seven typesp , g g yp
of private companies: civil companies, simple partnerships, limited partnerships, limited liability
companies, sole proprietorships, cooperative societies, and business corporations. In the context of
regional integration in the East African Community, the law is under revision in order to harmonize it
with the laws of the four other member states.

Thank you for your attentionThank you for your attention

aloysndugaritse@yahoo.fr
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OverviewOverview
Brief Facts about EthiopiaBrief Facts about Ethiopia

Ethiopia landlocked country in the Horn of Africa.
Total area 1.13 million square km.
Population 87.9 million (2.57% growth per annum).
GDP at market value ~ 30 Billion USDGDP at market value ~ 30 Billion USD
(11% growth per annum)
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Overview Cont….
Power Sector in Ethiopia
Th t idi El t i P• There are two organs providing Electric Power
Delivery Service . These are EEP and EEU.

• Ethiopian Electric Power (EEP): is engaged in the p ( ) g g
generation and  transmission of electricity 
throughout Ethiopia.

• Ethiopian Electric Utility (EEU): is engaged in the• Ethiopian Electric Utility (EEU): is engaged in the
distribution and sales of electricity in the country.

• Both are owned by the Government of Ethiopia 
(GOE) and are organized under the Ministry of 
Water, Irrigation and Energy (MOWIE) and are 
under the supervision of a common Managementp g
Board.

5
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Overview Cont….
Renewable Energy Potential

Hydropower

Hydropower potential is estimated up to 45,000MWwhich is the
2nd highest in Africa.
Ethiopia’s terrain is advantageous for hydropower projects with 10
river basins with adequate rainfall and is said to be the “Waterriver basins, with adequate rainfall and is said to be the Water
Tower of Eastern Africa”.
Only 1,954MWof energy is exploited yet, which is not more than 4%
of its potential.p

Solar Energy
Ethiopia receives a solar irradiation of 5000 – 7000 Wh/m²p 5
according to region and season and thus has great potential for the
use of solar energy
The average solar radiation is more or less uniform, around 5.2
kWh/m2/daykWh/m2/day.
The values vary seasonally, from 4.55 5.55 kWh/m2/day and with
location from 4.25 kWh/m2/day in the extreme western lowlands to
6.25 kWh/m2/day
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Overview Cont..
Solar Energy Cont…
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Overview Cont…
Solar Energy cont…

There is no solar power plant which feed the national gridp p g
yet in Ethiopia.
UN organizations such as UNICEF andWHO are few

l th t h d t d j t th t PV b dexamples that had supported projects that use PV based
technologies (distance education radios and vaccine
fridges) in remote rural areas.g )
Ethiopian Telecommunications (Ethio. Telecom) is
the major user of PV solar in the country. uses PV solar to

it t l t l i t ll ti d thipower its remote rural telecom installations and this
application has grown several times in recent years.
above 70 000 SHSs are disseminated in the country by theabove 70,000 SHSs are disseminated in the country by the
government and other organization.
Installed capacity is approximately 7 MWwith a majority
in the solar home system (SHS).
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Overview Cont…
Wi d EWind Energy

Ethiopia has good wind resources with velocities
t th /greater than 7 m/s.

Its wind energy potential is estimated to be 1,350
GW.GW.

Wind energy is considered a promising
complementation to hydropower since the twocomplementation to hydropower, since the two
resources unfold their potential anti cyclic:

in rainy seasons the hydropower potential is highy y p p g
whereas low winds prevail and
hydropower potential is low in the dry season
h th i d t ti l i hi hwhereas the wind potential is high.

Only 171MW of energy is exploited yet which is
insignificant compared to the countries potentialinsignificant compared to the countries potential.
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Overview Cont…
Wind Energy Cont…
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Overview Cont…
Wind Energy Cont…
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Overview Cont…
Geothermal EnergyGeothermal Energy

Ethiopia has geothermal energy potential up to
10 000MW10,000MW.
Geothermal resources are primarily located in the Rift
Valley area where temperatures of 50 to 300°C prevailValley area, where temperatures of 50 to 300°C prevail
in a depth of 1,300 – 2,500 m.
Only one 7 3 MW geothermal power plant has beenOnly one 7.3 MW geothermal power plant has been
commissioned so far, which started operating in
1998/1999 and still zero compared to the potential1998/1999 and still zero compared to the potential.
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Overview Cont…
Bi EBiomass Energy

According to estimates byWoody Biomass Inventory
( )and Strategic Planning Project (WBISPP), national

woody biomass stock was 1,149 million tons with annual
yield of 50 million tons in the year 2000 These figuresyield of 50 million tons in the year 2000. These figures
exclude biomass fuels such as branches/leaves/twigs
(BLT), dead wood and homestead tree yields.( ), y
Up to date, no grid connected biomass power plants exist.
But two sugar factories have however been using sugar caneBut two sugar factories have however been using sugar cane
bagasse for station supply and fed the surplus to the grid.
The government implement around 8,013 Biogas plant forg p 3 g p
rural community at their vicinity within the 1st GTP Plan.
In the next GTP period 20,000 biogas plant is planned.
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Current Situation In Utilization of
Renewable Energy
) THE EXISTING POWER SYSTEM1) THE EXISTING POWER SYSTEM
Grid accessible to 53 % of the population
2 million households connected to electricity
Per capita electricity consumption 77 kWh/year
System installed capacity ~ 2280 MW
 Hydropower (86%) y p
 Wind and Geothermal (7.5%)
Bagasse (2.6%)
 Diesel stand by (3.9%)

Production Share

 y (3 9 )
Thus considering stand by diesel, the
Renewable Energy Share will be
more than 96% . Otherwise 100% of

Hydro

Wind

Geothermal9
the total utilization is RE.

Geothermal

Bagasse

Diesel/emergency
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Current Situation In Utilization of Renewable Energy Cont….
Existing Generation Installed Capacity…..

Hydro Total 1953.5 1759.2 9018
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Current Situation In Utilization of Renewable Energy Cont…

Existing Generation Installed Capacity……

Geothermal Total 7 3 5 20Geothermal Total 7.3 5 20

Wind Total 171 47.85 419.2

Bagas Total 60 26 125

Emergency Diesel Total 89 0 0

Grand Total 2280.8 1838.05 9582.2
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Current Situation In Utilization of Renewable Energy Cont…
Universal Electricity Access Status & PlanUniversal Electricity Access Status & Plan
State Government Number or Planed

Villages at the end of
Access due to GTP 1
Accomplishment

GTP 2 Plan

GTP 1

Afar 147
Amhara 1712Amhara 1712
Benishanguls 149
Diredawa 16
Gambela 83
Harari 17
Oromia 2499
Somali 238
SNNPR 1294SNNPR 1294
Tigray 411
Total 10162 6565Total 10162 6565

17

Current Situation In Utilization of Renewable Energy Cont…
i l l i i S & l

A hi t

Universal Electricity Access Status & Plan

Achievement
More than 4,300 towns and villages are electrified at the
end of 4th year of the GTP plan which leads the nationalend of 4th year of the GTP plan which leads the national
electric access to 54%
Currently more than 3 000 towns and villages are onCurrently more than 3,000 towns and villages are on
active construction stage.

Growth and Transformation phase 2 ObjectivesGrowth and Transformation phase 2 Objectives.
6565 villages and towns are planed during GTP 2 which
leads the national electric access to 95%.eads t e at o a e ect c access to 95%.
Having 16,727 villages and towns will leads the country
electric access to 95%.95
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Universal Electricity Access Program
Micro enterprise participation on Concrete poleMicro enterprise participation on Concrete pole
Production.
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UNDER CONSTRUCTION PROJECTS
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ETHIOPIAN GRAND
RENAISSANCE

Main features of the Project are
Installed Power : 6 000 MW
Energy Production : 15 130 GWh

RENAISSANCE

Status:
The construction of the project gy 5 3

Dam Height : 145 m
Reservoir Volume : 74 Billion Cubic Meter

j
started in 2011 and 40% of its
construction work has been
completed so far.
Th fi t t f th i t it illThe first two of the sixteen units will
be provisionally arranged for early
generation at reduced head in
September 2015September 2015.
The Project is expected t be
completed in year 2018.

21

Switch YardSwitch Yard

243 meter high ROLLER
COMPACTED CONCRETE
(RCC)DAM

Status: Three diversion tunnels of 13 and
7 meter internal diameters
Gated spillwayswith a total
di h i f 6 /

Status:
Currently 90% of the construction
has been completed.
The first unit is expected to start

PowerhouseSurge
Shafts

discharge capacity of 10,600 m3/s
.

The first unit is expected to start
operation by August 2015.
The plant is expected to be
completed by July 2016

2 powerwaterways comprising
intakes power tunnels surge

completed by July 2016.

intakes, power tunnels, surge
shafts, penstocks and manifolds,
each branching in to 5 turbine
inlets

Intake

inlets.
Powerhouse on the left
abutment, housing 10 Francis
turbines with a power of 187 MWIntake

Structures
turbines with a power of 187 MW
each for a total installed capacity
of 1, 870 MW.
10 transformers of 200 MVA
installed at the back of the plant,
converting the voltage from 15 kV
to 400 kV. 22

Status:
Currently 60% of the
construction has been

Main features of the Project are
Installed Power : 254MW
Energy Production : 1695GWhconstruction has been

completed.
The plant is expected to be
completed at the beginning of

gy 95
3 Francis units with 100MVA capacity
Roller Compacted Concrete Damwith
height of 110 mcompleted at the beginning of

year 2016.
height of 110 m
Reservoir Volume : 3.3 Billion Cubic
Meter
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Wind Power Adama II Wind Power projectWind Power Adama II Wind Power project
Installed Capacity : 153
MW
Hub Height : 65 mt

Status:
About 15MW is already connected to the

Hub Height : 65 mt
Unit size : 1.5 MW
Annual Average Energy :

GWh

system.
More than 70% of the project work has
been finalized.
E t d t b l t d b th 420 GWhExpected to be completed by the
beginning of year 2015.

24



Waste to EnergyWaste to Energy
Status:
The progress of the project hasThe progress of the project has
reached 43.6%.
The plant is expected to be
completed at the beginning ofp g g
year 2016.

Main features of the ProjectMain features of the Project
are
Repi is the largest Landfill site
in Addisin Addis
7 Hectares accumulated Solid
Municipal Waste
I t ll d C it MWInstalled Capacity 50MW
Annual Energy 185 GWh

25

Generation PlanGeneration Plan
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0 0 0 0 0 0 0 20120 0 0 0 0 0 0 2012
0 0 0 0 0 0 0 0 0 0 0 2013
7 171 0 0 0 112 0 16 0 1978 2284 2014
7 324 0 0 0 112 0 146 0 1978 2567 2015
7 624 300 0 0 112 50 328 60 4852 6333 2016
7 924 300 0 0 112 50 408 120 4857 6778 2017
277 1224 300 0 0 182 50 408 120 10107 12668 2018
377 1224 300 0 0 532 50 448 120 10107 13158 2019
577 1224 300 0 0 532 50 448 120 12521 15772 2020
777 1224 300 0 0 532 50 448 120 14121 17572 2021777 1224 300 0 0 532 50 448 120 14121 17572 2021
877 1224 300 0 0 532 50 448 120 15056 18607 2022
877 1224 300 0 0 532 50 448 120 17720 21271 2023
877 1224 300 0 0 532 50 448 120 18944 22495 2024
977 1224 300 140 420 532 50 448 120 18944 23155 2025
1477 1224 300 140 420 532 50 448 120 18944 23655 2026
1477 1224 300 140 420 532 50 448 120 18944 23655 2027
2077 1224 300 140 420 532 50 448 120 18944 24255 2028
2377 1224 300 280 840 532 50 448 120 18944 25115 2029
2577 1224 300 280 1680 532 50 448 120 18944 26155 20302577 1224 300 280 1680 532 50 448 120 18944 26155 2030
2877 1224 300 560 1680 532 50 448 120 18944 26735 2031
3177 1824 300 560 2100 532 50 448 120 18944 28055 2032
3477 1824 300 560 2520 532 50 448 120 18944 28775 2033
3877 1824 300 560 2520 532 50 448 120 19944 30175 2034
4277 1824 300 560 2940 532 50 448 120 19944 30995 2035
4677 1824 300 700 2940 532 50 448 120 19944 31535 2036
5077 1824 300 700 3360 532 50 448 120 19944 32355 2037

Long term Generation Plan Hydro

Name of Plant

Installed
Capacity

Minimum
Energy

Average
Energy

Average
Plant Total Cost Planned

Com. DateMW GWh GWh Factor million $Name of Plant MW GWh GWh Factor million $
Sor 2 5 42 39 0.88 22.3 2017
Geba 1 + Geba 2 372 1156 1709 0.53 772.1 2020
Genale 6 246 1388 1532 0.71 793.7 2020
Gibe IV 1472 4272 6146 0.48 3364.8 2020
Upper Dabus 326 1459 1460 0.51 848.1 2020
Karadobi 1600 6549 7857 0.56 3477.5 2021
T 1700 5296 5760 0 39 3241 2021Tams 1700 5296 5760 0.39 3241 2021
Beko Abo 935 6175 6632 0.81 1702.1 2022
Upper Mendaya 1700 7235 8582 0.58 3289.1 2023
Birbir R 467 2236 2724 0.67 1600.4 2023
Werabesa + Halele 436 1193 1973 0.52 1196.1 2024
Yeda 1 + Yeda 2 280 915 1089 0.44 729.2 2024
Baro 1 + Baro 2 + Genji 859 3150 3524 0.47 1793.6 2024
G l 5 100 531 575 0 66 387 1 2025Genale 5 100 531 575 0.66 387.1 2025
Gibe V 660 1311 1905 0.33 1348 2025
Lower Didessa 550 811 976 0.2 804.9 2034
Tekeze II 450 2060 2721 0 69 2282 2034Tekeze II 450 2060 2721 0.69 2282 2034
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Generation Plan Geothermal

29

Generation Plan Wind

30

Generation Plan Solar

31

Biomass Plants
Sugar (Bagasse) Plants

Name Month Year
Installed

Capacity(MW)
Export

Capacity(MW)
Export

Energy(GWh)

Sugar (Bagasse) Plants

Woody Biomass Plants

32



C t f E i PlCost of Expansion Plan

l bTotal cost US$156bn over 25 years

Cost allocation: US$m

US$m

33

Infrastructure development Vs DemandInfrastructure development Vs Demand
growth

34

Ethi i El t i it D d F t
Customer Categories

Ethiopia Electricity Demand Forecast

Power RequiringPower Requiring
1. New railway developments

L i i i d l2. Large new irrigation developments
3. New Industrial Developments3 p
4. Dwelling Houses Projects and Universal

Electrification ProgramElectrification Program
5. Service Sector

l6. Electricity Export

35

Ethiopia Electricity Demand Forecast

1. Railway Demand Forecast

Passenger and freight
numbers for Addis Dewele R ai l f r ei g h t P a s s e n g e r

( )
route
Passenger and freight

(k to n ) n u m be rs
2 0 1 7 1 5 0 0 4 2 8 2 6
2 0 2 2 3 1 5 0 1 0 3 4 2 4g g

numbers other planned
routes

2 0 2 7 6 6 1 5 2 2 2 0 1 6
2 0 3 2 1 3 8 9 2 4 4 6 8 0 8
2 0 3 7 2 9 1 7 2 8 6 3 2 3 3
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Ethi i El t i it D d F t
Total Railway Sales

Ethiopia Electricity Demand Forecast

Year Sales (GWh) Gen (GWh) Peak (MW)Year Sales (GWh) Gen. (GWh) Peak (MW)
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Ethiopia Electricity Demand Forecast
2. Large new irrigation developments taking place

Region

Hectar Value

GTP1 After GTP1

SNNP 120,500 60,000

BENShangul 64,000 64,000

Gambela 1,510 107,304

Oromia 7,240 821,750

S li 60 000 918 250Somalia 60,000 918,250

Afar 40000 540,000

Tigray 16 000 18 000Tigray 16,000 18,000

Amhara 74,000 91,000

383 250 0 2 620 304

38

383,250.0 2,620,304

Ethi i El t i it D d F t
Total Irrigation Sales

Ethiopia Electricity Demand Forecast

Y S l (GWh) Generation (GWh) P k (MW)Year Sales (GWh) Generation (GWh) Peak (MW)
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Ethiopia Electricity Demand Forecast
3 New Industrial Development in Ethiopia

P d i b bli h i d i l

3. New Industrial Development in Ethiopia

Programme driven by government establish industrial
zones:
Industrial parks during Growth and Transformation Plan period planned atIndustrial parks during Growth and Transformation Plan period planned at
1,130MW
After the GTP period Industrial park development planned at 1,200MW

Applications for new industrial developments received:
Cement Factories 652 MW
St l & M t l MWSteel & Metals 741 MW
General industry 557 MW
Mining 100 MWg 00

Total Industrial installed capacity 4296 MW
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Ethiopia Electricity Demand Forecast
Total Industrial Demand

Ethiopia Electricity Demand Forecast

Generation
Year Sales (GWh)

(GWh)
Peak (MW)
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Ethi i El t i it D d F t
Service Sector Demand

Ethiopia Electricity Demand Forecast
Generation

Year Sales (GWh)
Generation
(GWh)

Peak (MW)
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Ethi i El t i it D d F t
Residential Demand

Ethiopia Electricity Demand Forecast

Sales (GWh)

Year

Sales (GWh)
Generatio

n (GWh)

Peak

(MW)Existing UEAP Totalg
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Ethi i El t i it D d F t
Export Demand

Ethiopia Electricity Demand Forecast
Export of power to Djibouti ( 60 MW) and Sudan (100 MW)p p j ( ) ( )

has already begin
Power Purchase Agreement with Kenya is signed and a 2000
MW i i i i li i l d dMW transmission interconnection line is already under
Construction.
Power Purchase Agreement with Tanzania is going on for aPower Purchase Agreement with Tanzania is going on for a
400MW Power Trade between the two countries.
MOU for electricity sales to South Sudan, Yemen andy
Rwanda has already been signed.
The power trade feasibility study between Ethiopia, Sudan

d E h b d d d d MWand Egypt has been made and recommended a 3200MW
transmission line.
Burundi has expressed interest to import power from
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Burundi has expressed interest to import power from
Ethiopia



Ethi i El t i it D d F t
Export Demand

Ethiopia Electricity Demand Forecast

Year Total Energy GWh Total Capacity MW
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Ethi i El t i it D d F t
Total Electricity Demand

Ethiopia Electricity Demand Forecast

Maximum Demand (MW)

I l E

Year

Internal
Demand
(MW)

Export
Demand
(MW)

Total with
Export (MW)

Year

Internal
Demand
(GWh)

Export
Demand
(GWh)

Total with
Export (GWh)

2015 14688 2759 174472015 2641 315 2956
2016 3335 315 3650
2017 4107 955 5062
2018 4795 955 5750

2015 14688 2759 17447
2016 18723 2759 21482
2017 23363 8366 31729
2018 27496 8366 358622018 4795 955 5750

2019 5496 1105 6601
2020 6219 1378 7598

0 8 96 8366 3586
2019 31249 9680 40929
2020 34966 12075 47041
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N i l E P liNational Energy Policy
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Energy Policy
The National Energy Policy

E d l hift f t diti l tEnsure a gradual shift from traditional energy to
modern energy
E li bl l f t ff d bl iEnsure reliable supply of energy at affordable prices
Streamline the development and utilization of energy
resources
Give priority to indigenous energy resources to attain
lf ffi iself sufficiency

Increase energy efficiency
Ensure environmental sustainability
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Energy Policy
How to develop the energy sector

Electric Power Generation Construction ProgrammeElectric Power Generation Construction Programme
Electricity transmission lines construction Programme
Power Distribution and Expansion ProgrammePower Distribution and Expansion Programme
Universal Electrification Access Programme (grid
based)based)
Off grid Rural Electrification
National energy regulatory system for electricity andNational energy regulatory system for electricity and
energy efficiency
Alternative energy development and promotionAlternative energy development and promotion
Capacity building
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Energy Policy
Main Energy Policy Goal

The main energy policy goal is to ensure the availability, accessibility, affordability,
safety and reliability of energy services to support accelerated and sustainable socialy y gy pp
and economic development and transformation of the country.

Electricity Related Energy Policy Objectives include:Electricity Related Energy Policy Objectives include:

Policy Objective 1 – Provide adequate, reliable and affordable electricity supply
i d d f i ito meet growing power demand for socio economic

development

Policy Instruments include:
Diversify energy generationmix based on cost, efficiency, environmental
considerations, appropriate technologies and competitiveness.pp p g p
Encourage independent power producers, small scale private power producers
and co generators through creative incentive mechanisms.
Support local manufacturing of power generation, transmission andSupport local manufacturing of power generation, transmission and
distribution equipment and materials.
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Energy Policygy y
Policy Objective 2 – Increase access to electricity services

Policy Instruments
Expand grid based Universal Electricity Access Program
through public investment.
Expand off grid power supply to rural areas through creating
incentive mechanisms to attract private investment.
D i d i l i h iDesign and implement appropriate support mechanisms to
electricity contractors, small and micro enterprises (SMEs) and
end users to increase connectivityend users to increase connectivity.
Encourage the use of renewable energy for off grid electricity
supplysupply
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Energy Policy

Policy Objective 3 – Ensure continuous improvements
in electric power efficiency and conservation

Policy Instruments Include:
Introduce regulation and standardsIntroduce regulation and standards
strengthen appropriate institutional capacity to
implement energy efficiency and conservation measures.implement energy efficiency and conservation measures.
Promote electricity supply efficiency and conservation
through effective support of training programsthrough effective support of training programs,
information dissemination and continuous
communication.
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Energy Policygy y
Policy Objective 4 – Improve power sector governance

Policy Instruments
Improve the government’s capacity to institutionalize strongImprove the government s capacity to institutionalize strong
and efficient power system management structure and
governance processes.
Clarify the roles and functions of electric power governance
institutions.
E bili d f i f hEnsure accountability and transparency of operations of the
institutions.
Improve managerial and technical capacity of utilitiesImprove managerial and technical capacity of utilities.
Establish and implement suitable electric power sector
information, statistical and database system.y
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Energy Policy
Policy Objective 5 – Strengthen environmental and
safety management practicesy g p

Policy Instruments
E f i l l d l i h dEnforce environmental rules and regulations that reduce
environmental pollution during power generation and
transmission.transmission.
Enact and enforce internationally acceptable safety standards.
Integrate environmental and social impact assessment in all

t i t t j t d i t l ditpower system investment projects and environmental audits.
Minimize siltation and deterioration of reservoirs of existing
and new hydropower dam catchment areas through soil andy p g
watershed management practices.
Maximize the use of financing facilities which encourage
investments in renewable energy technologiesinvestments in renewable energy technologies.
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Technical ProblemTechnical Problem.
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Technical Problem
1. System energy loss which is more than 10%.
2 Solar equipment quality control2. Solar equipment quality control.
3. Increase Energy efficiency and decrease Energy waste.
4 Access Road (Specially for construction of Biogas plant4. Access Road (Specially for construction of Biogas plant

and connection to national grid)
5. Facilitating for proper and sustained mechanisms for5. Facilitating for proper and sustained mechanisms for

data collection, analysis and knowledge management to
establish the feasibility and market potentials of different
RE applications.

6. •High investment cost of the biogas plant ( increase in
h i f i i l )the price of construction materials)

7. • Inadequate promotion of the program
k f d f b8. • Lack of credit service for biogas program
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CURRENT SITUATION OF RURAL ELECTRIFICATION USING RENEWABLE 
ENERGY IN RWANDA

Objective 1: 100% access to electricity
Diversify our approach to delivering electricity access to include:

Off grid Electrification and Generation
Incentives:

Recent tender for 20 30 micro grids shows GoR commitment
1. The option of off-grid solar and mini hydros for our rural 

population
2. Support for private sector development of mini-grids powered by 

Pico-hydro and  Agri-waste

Recent tender for 20-30 micro-grids shows GoR commitment
Results based financing for off-grid micro-hydro and solar launch in September 2014
Simplified Licensing for Rural Electrification in existence and being reviewed

Way forward:y g

In addition to extending the grid throughout the country

Develop National Off-grid strategy
Undertake pre-feasibility studies

Above policies will drive resettlement:

Mini -grids along with the Biogas digesters program 
will help drive resettlement.

The EARP programme and resettlement 
plans will be aligned

Demonstrating they are aligned with a districts 
resettlement master plan will be a pre-condition of 
funding

Policy options presented: $

Total 637m

100% electricity access 612m

Disseminate 100,000 Digesters 19.7m

Deliver 25 Micro Grids 5.2m

CURRENT SITUATION 

Hydro Power
Value of projects: Over USD 350m

Incentives:
Over 333 Micro Hydropower sites have been identified
Feasibility studies complete for over 49 sitesFeasibility studies complete for over 49 sites
REFIT Feed in tariff (from 50kW to 10MW)
Standard PPA for small sites

Way Forward:Way Forward: 
Projects with feasibility studies to undergo competitive process on a periodic basis

Sample Opportunity: Hydro Power Rollout Program

Value of projects: USD 173m

Incentives:
10 h d i i h l i ll d i f 50MW10 hydropower sites with total installed capacity of 50MW
1 brown field ($22m), 9 green field ($160m) and 2 separate Dams at Rukarara ($13m) 
On green sites: 8 pre-feasibility studies complete, 4 further studies on-going. 

W f dWay forward:
Competitive process for PPA.



Electricity Access for all: Possible Access solutions

Grid Access: Available to only around 22% of the population.

Cost: $470 / connection
Benefits: Will supply reliable high-voltage electricity required for heavy commercial and agricultural usage

Challenges: High levels of consumption required to recoup the government investment in the connection (circa 80 KWh / month)

Solar PV system: Can be installed anywhere in the country

Cost: 
- Basic system - $80 (will power 2-lights and charge  phone)
- Top of the range: $200 (includes remote switches, could also power a TV)

Benefits: Can be installed quickly anywhere; 

Challenges: Unable to provide the power required for some economic uses for example refrigeration.

Mini-Grids: Small grids connecting multiple households to one generation source, typically hydro

Cost: $400-$800 / connection
Benefits: Can supply higher voltage power than home PV systems away from the Grid

Challenges: Costly to develop; require local maintenance and operation

OFF-GRID SOLAR ELECTRIFICATION PROJECTS: 

IREAPPP 300 SCHOOLS SOLAR ELECTRIFICATION: 0.52 MW Supply and installation of 
photovoltaic solar PV equipment in 300 rural schools in 28 districts under the European Development 
fund. All of them have been fully completed and operational.y p p

SOLAR PV IN 35 SECONDARY SCHOOLS IN 4 DISTRICTS (Kayonza (7), Huye (6), Nyaruguru 
(13) and Kirehe (9)-funded by the Indian Government) Installations completed in all 35 schools by 
“Cl E T h l i ” d “S k ” (I di )“Clean Energy Technologies” and “Su-kam” (Indian). 

(PIPELINE Projects) SOLAR HOME SYSTEMS IN 400 HOUSEHOLDS IN 4 DISTRICTS 
(Gisagara, Ruhango, Gatsibo & Gakenke with Support from Chinese government).( g g pp g )

SOLAR ELECTRIFICATION OF GREEN VILLAGE: in Gicumbi District with 46Homes , 1school, 
1Health center and a market. 

MOBISOL: Currently in the Eastern province, has signed an agreement with REG with support from the 
EU Grant to electrify 49,000 Households and 1000 schools in the newly mapped areas for off-grid 
extension by 2018. 

IGNITE SOLAR: Has signed an agreement with REG to electrify 1000 Households in 6monts to end by 
March 2015. So far 300 connections have been made. Upon successful completion of these, they shall 
sign an MoU to scale up the project to 250 000 1 000 000 Householdssign an MoU to scale up the project to 250,000 – 1,000,000 Households. 

Mini Grids

1. Site identification and encouraging resettlement: 

A study identifying all potential hydro sites has been completed which we shall be shared with the private sector and the districts.
Districts will identify sites they wish to develop which will further their resettlement plans.
RDB will then play a role in marketing these sites to private investors

2. Attracting and financing investment: g g

Incentivising the investment via Results Based Financing:
To encourage the private sector a fund would pay private developers:

30% f it l t t ti t d l t30% of capital costs on construction to encourage development
A quarterly payment for 4-years for each consumer connected to the grid who is being serviced to incentivise 
continuous operation.

Mini GridsLocal communities investment is essential and will be encouraged:
Arrangements for local communities via funds to partner with private developers
This will mitigate revenue collection risks for Private developers

Mini Grids:

3. Institutional and commercial arrangements: 
MININFRA plans to work with RURA: Charging and licencing arrangements. 

Current view is a flat monthly fee of around RWF 3000 would cover the investment
Arrangements for revenue collection vital:

Significant role for local district

4.  Training 
Once a district has decided to pursue a site REG will train locals in construction maintenance and revenue collectionOnce a district has decided to pursue a site REG will train locals in construction, maintenance and revenue collection

Central government to provide
Training and education

Training to district level
Mass public campaign on the benefits of micro-grids

Local government to provide
Training and education

Avail people to train.

Information:
Detailed information on potential sites

Site Selection: 
Select sites in line with resettlement plans

Investment:
Support identifying investors

Finance:
Raising finance to partner with private sector



Objective 1: 100% access to electricity
Phase 1 Access will connect 33% of the population

Household information Current Access levels Phase 1 Connections
Total hh h hTotal hh
(2012)

h.h.
(2017) % Households % households

South 528619 607912 10% 50260 28% 145370
North 542630 624025 12% 65663 33% 177711
West 265688 305541 11% 29854 30% 80371
East 392949 451891 19% 74722 50% 195492
Central 294151 338274 47% 119498 55% 162518
Total 2024037 2327643 17% 340056 33% 761463

Households not connected to grid in ph 1
Within Grid Outside

Total range range
South 462542 85000 377542
North 446313 95000 351313
West 225171 17569 207602
East 256399 41800 214599East 256399 41800 214599
Central 175755 110000 65755
Total 1566180 349369 1216811
households 67% 15% 52%

Figures need validating in light of 
resettlement plans

PolicyPolicy

Policy Area Key policy measures DescriptionPolicy Area Key policy measures Description

Electricity sub sector
The main policy objectives for the electricity sub-sector are to ensure sufficient, 
reliable sustainable and more affordable power supply :Electricity sub-sector reliable, sustainable and more affordable power supply :
Transition to cost reflective tariffs: 
Improve power quality and security by diversifying technologies and accelerating 
imports. 
Increase proportion of cleaner energy through IPP investment streamlining 

ifi i / Off i Si lif li i f kRural Electrification/ Off-grid sub-
sector

Simplify licensing frameworks:
Introducing greater competition and flexibility in off-grid service provision through 
measures to simplify licensing and stimulate SPDs; 
Pilot a PPP approach for increasing rural energy access. pp g gy
Ensure universal access to electricity in all schools and health clinics

Electricity Access Sub sector

ESSP Objectives

EARP F h h ld f d h i l

ImplementationMain NEP Directives

EARP: For households too far away, and where more economical 
off-grid will be encouraged. Closely monitor resettlement progress.

Harmonize off-grid with 
3 year plansIntroducing greater 

competition and flexibility in 

On-grid connections: 48% of households by 2018 (or 1,108,000 
HH), with  389,00 connections from relocation and fill-ins.

Monitor resettlement and 
connection policy

off-grid service provision 
through measures to simplify 
licensing and stimulate 
SPDs; 

Off-grid connections: 22% of households by 2018. Develop off-
grid strategy, develop innovative  PPPs, study on phasing out 
kerosene subsidy 

Develop and implement 
PPPs and strategy. Secure 
climate/RE finance

Pil PPP h f

Public services: 100% of schools and health centers connect
Analyze extension

Pilot a PPP approach for 
increasing rural energy 
access. 

Small-scale off-grid distributors: Revision of simplified licensing 
framework and investigate possible inclusion under REFIT

Analyze extension, 
develop FS for schools/ 
hospitals

RURA ith MININFRA

Ensure universal access to 
electricity in all schools and 
health clinics

framework and investigate possible inclusion under REFIT RURA with MININFRA

TECHNICAL PROBLEMS

Low ability to pay for most people in the rural areas.

Between 50% and 80% of households have incomes of less than USD 1.25 per day.

Market Failures especially with hydro-microgrids

Not enough incentives to private investors to take up the renewable energy off-grid projects.

Inadequate planning capacity to streamline the grid roll out plan with the off-grid renewable energy 

developments.

Economic analysis of renewable energy off-grid electricity provision. This is important in order to 
provide a comparison with on-grid economics to inform decisions about the speed of roll-out of grid vs. p ov de co p so w o g d eco o cs o o dec s o s bou e speed o o ou o g d vs.
on-grid and the corresponding support/subsidy mechanisms.

No robust rural electrification strategy yet available.



SOLAR  PV
Benefits, Issues and interventions

Benefits
1. Cost savings: Cheaper system would save the average rural family around $60 per year.
2. Health and safety benefits: Eliminate fumes from candle and kerosene
3. Economic Productivity and Educational benefits
4 Macro-economic benefits: Solar systems could save up to $80m in kerosene imports over 5-years4. Macro-economic benefits: Solar systems could save up to $80m in kerosene imports over 5-years

The current market based approach is not working (less than 1000 units sold per month)

Quality Control

Market Problems Policy Solutions

RSB to Develop Clear standards 

Consumer awareness

Quality Control
requirement for import

Large Scale Government Awareness 
programme: PV is as good as Grid for most

High Prices

programme: PV is as good as Grid for most

Government programme installation and 
subsidisation

Limited Supply Chain
subsidisation

MICRO-GRIDS
Benefits, Issues and interventions

Benefits
1. High voltage power: Can deliver high-voltage power away from the grid
2. Will drive resettlement
3. Provides employment to the community
4. Significant potential with new and existing sites

192 potential hydro sites have been identified in the Hydro Atlas.
Several small community run grids exist

Market Problems Policy Solutions

Lack of Awareness to the 
opportunity and potential sites

Market Problems Policy Solutions

Promotion of the sector and documenting 
of potential sites

Difficulty raising Finance
Support the private sector via a results 
based finance approach

Institutional Framework and 
commercial arrangements

Work with Districts and RURA to establish 
fair arrangements which will attract private 
sector

Shortage of Skills REG to deliver mass training programme

PROBLEMS TO BE SOLVED

for mini-micro hydro (>50kW and <10MW), there is no institutional and regulatory framework 

for developing concession agreements. 

There is no financing mechanisms to provide incentives and attract the private sector for such 

business models.

How to manage the transition from rural off-grid electrification to on-grid connection.

WAY FORWARD

Consider NET METERING to allow solar home systems to export to grid during peak sunlight hours - look 

at impacts on the overall electricity system costs, as well as impacts on the incentives to individuals to 

install such systems (e.g. could cut down on their costs by removing the need for batteries)

developing isolated mini-grid when renewable energy sources potentially exist (mini, micro or pico hydro, 

solar, biodigester or hybrid systems) 

Private sector engagement when economic conditions are met, i.e. affordable electricity tariff for the 

d bl i f h i i hi blconsumers and reasonable return on investment for the Private Investor is achievable.



My appreciation for the audience  

THANK YOU



El t ifi ti U i R blElectrification Using Renewable
Energy: Uganda’s ExperienceEnergy: Uganda s Experience

Benon Bena
Manager, Off Grid Renewable Energy

Development
Rural Electrification Agency Uganda
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Outline of the PresentationOutline of the Presentation

k dBackground
Electricity Sectory
Rural Electrification Strategy and Plan
Policy frameworkPolicy framework
Financial schemes
Projects Implemented
Proposed projectsProposed projects
Conclusion
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BackgroundBackground
U d i l d i EUganda is located in East
Africa
It has an area of 241 000 sqIt has an area of 241,000 sq
km of which 43,900 sq km is
covered with water bodies.
34% of the land is arable.
Uganda’s population is
ti t d t 34 9 illiestimated at 34.9 million

(2014) of which 82%
reside in rural areasreside in rural areas.
The country has good hydro
and solar resources

3

The Electricity SectorThe Electricity Sector
Th ti l l t i it i 14% hil i th lThe national electricity access is 14% while in the rural
areas, access is only 7%.
The electricity sector was unbundle into generation,y g ,
transmission and distribution following the Electricity Act
1999.
The generation companies sell electricity in bulk toThe generation companies sell electricity in bulk to
transmission company which in turn sells it to distribution
companies
The Electricity Act 1999 also provide for the established of
a Regulator and the Rural Electrification Agency (REA)

REA is responsible for promoting supporting rural electrificationREA is responsible for promoting, supporting rural electrification
programs in addition, RE below 20MW.
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Rural Electrification Strategy & Plan
2013 2022

I J l 2013 h G bli h d R lIn July 2013, the Government published a Rural
Electrification Strategy and Plan (RESP) for period
2013 20222013 2022.

The primary objective of the Strategy is to achieve an
accelerated pace of electricity access and servicep y
penetration to meet national development goals
The target is to achieve a rural electrification access of 26%
b 2022 hi h l 1 415 000 iby 2022, which translates to 1,415,000 new connections
on grid and off grid.
The strategy is also aimed at positioning the country toThe strategy is also aimed at positioning the country to
achieve the Government Vision of universal access by 2040

The country has been divided into 13 service territoriesy
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Implementation of RE Strategy & PlanImplementation of RE Strategy & Plan

h S i b i i l d h hThe Strategy is being implemented through a
combination of approaches:

Grid extension in areas where the demand for
electricity is high and the demand justifies the cost.
Mi i id h th d d i t hi h d thMini grids where the demand is not so high and the
distance from the grid is long but the loads are fairly
concentrated with potential for productive use ofconcentrated with potential for productive use of
electricity such as trading centres including islands
communities
PV standalone systems for isolated and dispersed
households, businesses and social services facilities.
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The Current Grid MapThe Current Grid Map
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Master planMaster plan
REA h b k d h l iREA has embarked on the master planning process
to determine areas feasible for grid extension
within the 10yr planning period and areas suitablewithin the 10yr planning period and areas suitable
for off grid solutions
The process will include development of detailThe process will include development of detail
construction plans with timelines.
The islands on Lake Victoria are being consideredThe islands on Lake Victoria are being considered
for off grid electrification using mini grids

Survey is being undertaken to identify populationSurvey is being undertaken to identify population
centres and collect socio economic data necessary to
undertake pre feasibility studies.
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Policy FrameworkPolicy Framework
Th li id f th d l t f i i idThe policy provides for the development of mini grids
by the public, private including communities and
through public private partnershipsg p p p p
Some of the policy instruments available include:

Tax exemption of renewable energy generation
equipment.
License exemption for off grid projects with a capacity not
exceeding 2MW.exceeding 2MW.
Exemption from complying with all service standards
applicable to the main grid
Li ht h d d i t l l ti f llLight handed environmental regulation for small
renewables energy projects
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Financial SchemesFinancial Schemes
Th b f fi i l i t t il bl fThere are a number of financial instruments available for
developers of mini grids in Uganda

Capital subsidies from REA covering the cost of the localp g
distribution grid in order to buy down the end user tariff
The liquidity insurance facility from Uganda Energy Credit
Capitalization Company Ltd (UECCC) to enable Participatingp p y ( ) p g
Financial Institutions (PFIs) extend the tenure of the loans.
Partial Risk Guarantee facility from UECCC available during the
construction phase to cover for cost overruns of up to 15% ofp p
the total project cost. Any addition cost overrun up to 50% is
finance 50:50 by both parties.
Bridge Financing Facility from UECCC to cover interest paymentsg g y p y
during the construction stage of a project, before it starts
generating cash flows but payable after commissioning.
Transaction Advisory Services from UECCCTransaction Advisory Services from UECCC
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Projects ImplementedProjects Implemented
Th 3 5MW N k i i h d l d i h U d liThe 3.5MW Nyagak mini hydro located in north western Uganda supplies

electricity to the district town.
Developed and operated by IPS. The project received a concessional loan and
b id f REAsubsidy for REA

The 374kW Kisiizi mini hydro located in south western Uganda. It was
upgraded from 64kW to 374KW. It supplies power to a hospital and the
neighboring comm nitneighboring community.

It was developed and is operated by a church funded hospital. The project
received a subsidy from REA
The 64kW Bwindi micro hydro located in south western Uganda suppliesThe 64kW Bwindi micro hydro located in south western Uganda supplies

power to hospital and neighboring community.
It was developed by GIZ and is operated by the community.
40kW Suam Micro hydro located in eastern Uganda supplies power to a40kW Suam Micro hydro located in eastern Uganda supplies power to a

community.
The project was developed by GIZ and is operated by the community
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Projects Implemented ContProjects Implemented Cont….
P j E Ltd h t t biPamoja Energy Ltd has set up two biomass
gasification projects each with a capacity of
32kW32kW.
A 600kW PV diesel hybrid mini grid set up on
Bugala Island by Kalangala Infrastructure servicesBugala Island by Kalangala Infrastructure services
commissioned in Jan 2015.
5kW PV mini grid in Kasese set up by Remergy5kW PV mini grid in Kasese set up by Remergy
Energy A/S
22.5kW PV mini grid set up by Kirchner Solar tog p y
power a telecom tower and a trading centre in
Luwero
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22.5kW PV System Installed by Kricher
Solar in Uganda
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Current ProposalsCurrent Proposals
REA h i d l f th f ll i ff idREA has received proposals for the following off grid
projects:

Kirchner Solar Ltd to supply power to 30 villages with about 150pp y p g
households and businesses using 22kW PV hybrid mini grid.
REMERGY is planning to supply electricity to 3 villages in Kasese
district using PV mini grids.g g
Mandulis Energy Limited is setting two 32kW gasification using
rice husks to power rice mills in northern Uganda and the
neighboring communityg g y
Absolute Energy Ltd is plan to set up a 150kW PV mini grid at
Kitobo Island on Lake Victoria to supply over 400 households
and businesses.
Energy for Development in collaboration with REA is setting a
pilot 13kW pilot mini grid to be operated by the community
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ConclusionConclusion
Due to the scattered nature of settlements in Uganda, mini grids will play
a major role in increasing electricity access in Uganda. Many people are
migrating into trading centres which is providing opportunities formigrating into trading centres which is providing opportunities for
decentralized mini grids.
However, the potential will not be realized unless constraints are
addressed:addressed:

The mindset of energy planners who view grid as the only approach to
providing electricity.

Demonstrate that mini grid can provide reliable electricity cost effectively.
l d h l b f f f lConsolidate projects in a geographical area to benefit from economics of scale

and reduce operational cost.
License projects covering the whole geographical area

Address the high upfront capital requirement, the resultant high end userAddress the high upfront capital requirement, the resultant high end user
tariff and the ability of the rural communities to pay.

Provide subsidies and concessional financing to lower the end user tariff.
Streamline and shorten the licensing regimes

R d li f f ll blRemove or reduce license fee for very small renewables.
Provide predictability of when the grid is likely to be extended to the area.

Develop rural electrification master plans that give timelines of when the grid is
expected.

Improve regulation & incentives for connection of small renewables to the
grid

Currently Uganda has a single buyer model. A need to allow embedded generation 15

THANK YOU

Contact:
Rural Electrification Agency
2nd Floor, House of Hope
Pl t 10 Wi d L K l l K lPlot 10 Windsor Loop, Kololo, Kampala
Tel: +256 312 318100
Email: info@rea.or.ug or bena@rea.or.ug
www.rea.or.ug
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I i l W k hInternational Workshop
REA/JICA ProjectREA/JICA Project

on
Solar PV

INTRODUCTIONINTRODUCTION
Purpose of Project on Solar PV

ll lOverall Goal
Rural electrification models using renewable energy are disseminated to
improve the quality of life of rural communities in Kenya.
jProject Purpose
Rural electrification models using renewable energy are established.

Project Outputs
i) A practical model for electrification of health service institutions in non

electrified areas using solar PV is developed through pilot projects.
ii) A practical model for electrification of schools in non electrified areas

i S l PV i d l d h h il jusing Solar PV is developed through pilot projects.
iii) The capacity of REA and MOE&P to undertake projects using micro hydro

power, biogas and wind technologies is enhanced.
i ) N li d i i i l f k f di h d liv) Necessary policy and institutional frameworks for spreading the models

for rural electrification using renewable energy are recommended.

CompositionComposition
of the model

REA,MoE&P,MoEST, CountyGovernment)

of the model

Solar PV 
is good !!is good !!

Sunlight

ElectricityElectricity



However…..
After around 5 years, he will facing a Problem..

N B d f B R lNo Budget for Battery Replacement……..

Concept of PilotConcept of Pilot

Outline of Pilot (1)Outline of Pilot (1)

Install battery charging system for mobile
phone, rechargeable lantern, hair clipper andp g pp
other electrical equipments beside solar PV
system for public facility to establishsystem for public facility to establish
sustainable O&M structure.

l ( ) l l llIn total, ten (10) pilot plants were installed.

Outline of Pilot (2)Outline of Pilot (2)
Financial sustainability is one of the mostFinancial sustainability is one of the most
important key issues because batteries of Solar
PV system have to be replaced every 5 to 7 yearsPV system have to be replaced every 5 to 7 years.
At the pilot facilities, battery charging services of
mobile phone and other electrical apparatusmobile phone and other electrical apparatus
were introduced to collect finance resources for
the battery replacementthe battery replacement.
Financial management and trained book keeping
k llskills.
Operation of the pilot facilities were monitored
by REA and the Project team.



 
Charging service PV 

Charging Facility (1)
Panel 

(roof installation) 

Controller 
20A 

PV 

Battery 

Load 

Wood box 

Battery 
(100Ah) 

Inverter 
500W 

12Vdc/220Vac 
Operating by Technician.

Charging station is not so
large.

Wall mount junctions 

2.5 mm2 

Plugs for mobile phone charging Plugs for lantern charging 

Users will prepare.Users will prepare.

Power outlets on the wall and a shelf are convenient for
the operation.

Installed solar PV CapacityInstalled solar PV Capacity Installation (1)Installation (1)



Installation (2)Installation (2) LEDLED



Results of monitoring (2)Results of monitoring (2)

Income from Battery Charging Service was not
enough for the Battery Replacement but forg y p
daily consumable equipment such as distilled
water for battery bulbs etcwater for battery, bulbs, etc.
For Battery replacement, the other financial

h bsources have to be prepared.

Main Target area: Dispensaries in West Pokot, Samburu, Turkana, Marsabit, Isiolo, 
Mandela, Wajir, Garissa, Lamu and Tana River counties

Negotiation and coordination of
budget allocation for O&M and
replacement

Technical advises and training
opportunity

Training
opportunity

Monthly report
on O&M
financial

Trouble shooting and taking
measures to incidents reported
Monitoring
B d t ll ti ffinancial

condition of the
solar PV system
Application of
technical
support, repair,
& replacement

Budget allocation for
maintenance and replacement
Procurement of replacement
Technical support

p

Charging service (mobile phone,
hair cutting)
Opportunity of social
development

Income from
small scale
business
Opportunity of
autonomous

Community people as parents and customers of charging
services (phone, hair cutting)

activities

O&MModelO&MModel
(1) County offices take responsibility. Prepare budget(1) County offices take responsibility. Prepare budget

and human resources
(2) Facilities and MCs operate and maintain the system(2) Facilities and MCs operate and maintain the system
and manage the charging service, and they record
and report the system condition and charging serviceand report the system condition and charging service
to the relevant county offices.

(3) REA gives technical advises to the county heath and(3) REA gives technical advises to the county heath and
education offices.



G id liGuideline
Guideline for Solar PV in Health Service Institutions

G id li f S l PV i S h l

CHAPTER 1 INTRODUCTION

Guideline for Solar PV in Schools

CHAPTER 2 SOLAR PV SYSTEM
CHAPTER 3 O&M ANDMANAGEMENT
CHAPTER 4 FINANCIAL SYSTEM
CHAPTER 5 ENVIRONMENTAL AND SOCIAL CONSIDERATIONSCHAPTER 5 ENVIRONMENTAL AND SOCIAL CONSIDERATIONS
Attachment 1 Solar PV Operation Manual
Attachment 2 Forms for O&M and ManagementAttachment 2 Forms for O&M and Management
Attachment 3 Financial Management

Thank YouThank You
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1 U f U d l d E1. Use of Undeveloped Energy
Potential hydro energy resources in the world is
approximate 14 trillion kWh, 80% of these which are
equivalent to energy demand of the whole world are
not yet developed.
About 2/3 of these undeveloped energy resource arep gy
located in the developing world.
Development of these small hydros would support toDevelopment of these small hydros would support to
deal with the global energy demand.

3

2 G l i l P bl2. Geo ecological Problem
Global warming resulting from constant increase in
greenhouse gases (CO2, SOx, NOx)

3. Economic Development of Developing3. Economic Development of Developing
Countries

4 L l E R4. Local Energy Resource
5. Stabilization of Electricity Ratesy

4



T l i l f ll h d i K iTotal potential of small hydropower in Kenya is
estimated to be 3,000 MW, out of which 30 MW has
b d l dbeen developed.
The potential area is limited in two water towers where
receive annual rainfall of more than 1,500 mm.

The area around Mt. Kenyay
The Western Kenya Region

5 6

Working group of REA JICA Project preparedWorking group of REA JICA Project prepared
guideline for MHP Development for REA personnel.
The guideline describes how to implement MHPThe guideline describes how to implement MHP
projects from project identification to O&M stage.

f h d l d f llDefinitions in the guideline are made as follows:

Micro hydro: Less than 100 kW
Mini hydro: 100 to 1,000 kW

Target of
the guideliney ,

Small hydro: 1,000 to 10,000 kW

7

1. General1. General

2 Id tifi ti f th P j t

This chapter explains basics of hydropower generation and advantage
& disadvantage of MHP.

2. Identification of the Project
This chapter describes how to identify the potential MHP site and
how to evaluate its potential & power demand using the existing data.

3. Investigation and Planning
This chapter describes important points for survey including local
community participation and social & technical investigations

4. Basic Design
community participation and social & technical investigations.

This chapter describes the basic functions and hydraulic design of civil
structure, estimation of basic technical features of electrical
equipment & distribution facilities.

8



5. Economic and Financial Evaluation5. Economic and Financial Evaluation

6 E i t l d S i l C id ti

This chapter explains key indicators for the evaluation, and difference
between economic evaluation & financial evaluation.

6. Environmental and Social Considerations
This chapter explains standard procedures for obtaining the
environmental license for all developments.

7. Construction Supervision
This chapter explains procurement procedures of public works in
Kenya and key points of construction supervision works by the Client

8. Operation and Maintenance
Kenya and key points of construction supervision works by the Client.

This chapter describes the importance of assistance of management
board organized by the local community and key points of O&M
works for MHP station and off grid distribution system.

9

There are many guidelines & manuals of MHPThere are many guidelines & manuals of MHP
development in the world. The main features of this
guideline are as follows:guideline are as follows:
Application of Results of NWMP 2030

The guideline provides fundamental discharge data inThe guideline provides fundamental discharge data in
each sub basin in Kenya from the National Water Master
Plan 2030 (NWMP 2030) for preliminary evaluation.

Application of Empirical Equations of Japan
( ) p y

The guideline provides empirical equations in Japan for
comparison of alternative layouts.

10

Adoption of Results of NWMP 2030
Monthly mean discharges
in each sub basin were
i l d i NWMP 2030simulated in NWMP 2030.
Estimation of the
discharge at the candidatedischarge at the candidate
site in proportion to the
areas of catchmentareas of catchment
Preparation the flow
duration curve
Defined dependable
discharge within 90 to 95%

11

of reliable discharge.

Adoption of Results of NWMP 2030
Example:

This is applicable for preliminary study only.

12
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Adoption of Empirical Equations in Japan

In general, there are many
alternative approaches such

Sample Procedure of Preparation of the Alternative Layout

alternative approaches, such
as location of intake weir,
route of power canal, location
of power house, etc.

Th f lt ti t d iTherefore, alternative study is
required to identify the
optimum development plan.

Sample of Alternative Layout
optimum development plan.

13

Adoption of Empirical Equations of Japan

The empirical equations show
statistical correlations between work

Excavation volume of weirExample:

statistical correlations between work
quantity & major structural dimensions. LHVe

For example excavation volume of intake

Y
=
VeFor example, excavation volume of intake

weir is easily obtained by estimation of weir
height (H) and weir crest length (L).height (H) and weir crest length (L).

Therefore, alternative study is easy to
conduct

this is also applicable for
li i t d l

conduct.
However,

14X = (H x L)

preliminary study only.

1. Integrated Master Plan & Specification Standard1. Integrated Master Plan & Specification Standard
REA actively involves the following on going activities by MOE&P:
Preparation of integrated master plan on rural electrification, and
Formulation of “Guideline Specification Standard for Development

2. Selection of Target Area for MHP Planning

Formulation of Guideline Specification Standard for Development
of Micro/Small Hydropower”

REA l t l t t t b l t ifi d b MHP f th

3. Execution of Pilot Project by Direct Management

REA selects several target areas to be electrified by MHP for the
concentrated MHP planning.

j y g

4 Role sharing Arrangement in O&M Stage

REA implements specified MHP projects in the direct management as
on the job training for REA personnel.

4. Role sharing Arrangement in O&M Stage
REA starts coordination with relevant agencies to discuss and arrange
the role sharing in O&M stage of MHP.

15 16



1

Objectives

Objective of international Workshop:j p
To share experience on renewable energy from invited

countries and other experts from the countrycountries and other experts from the country.

2

INTRODUCTION
Biomass is the organic material which is utilized as energy.g gy
Material source is mainly agricultural, industrial and human waste.
Biogas is the fuel gas that is produced by the anaerobic
fermentation of organic material by methane producing bacteria.
This process is determined by several conditions.
Design of the various digester sizes has always been left at the
discretion of a particular contractor. Now there will be a reference
manual for the design and maintenance of the biogas systemmanual for the design and maintenance of the biogas system.
The guideline manual developed by JICA expert team will be used
in the planning design procurement and monitoring of the biogasin the planning, design, procurement and monitoring of the biogas
system.

3

Part 1 Guideline for Biogas
Guideline Contents

Generation System Planning
1. Overview

3 Site Survey1.1 Biomass and Biogas
1.2 Biogas as Energy Source
2 Basics of Biogas

3. Site Survey
3.1Preparation of Site Survey
3.2Site Survey Items2. Basics of Biogas

2.1Anaerobic Digestion
2.2Microbiology for Methane Fermentation

3.3Users’ Involvement

gy
2.3Feedstock Types for Biogas System
2.4Concept of Biogas System Model
2.5Component of Biogas and Calorific Value
2.6Project Flow of Biogas Generation
2 7Lessons Learned from Past Biogas Project2.7Lessons Learned from Past Biogas Project

4



4. Basic Planning 5. Design of biogas System
5 1Bi G i S

Part 1 Guideline for Biogas Generation System Planning

4.1 Items for Basic Planning
4.2Assessment of Available Feedstock
4 2Amount of Biogas Production

5.1Biogas Generation System
5.2Selection of Biogas Digester
5 2 1 Biogas Digester Type4.2Amount of Biogas Production

4.2.1 Amount of Biogas from Cow
Dung and Livestock Waste

5.2.1 Biogas Digester Type
5.2.2 Determination of Biogas Digester Size
5.2.3 Design of Biogas Digester

4.2.2 Amount of Biogas
Production from Human Waste

4 3Calculation of Fuel and Fuelwood

5.3Design of Pipe
5.4Water Trap
5 5P T t d S li O tl t4.3Calculation of Fuel and Fuelwood

Saving
4.4Calculation of Electricity Saving

5.5Pressure Test and Sampling Outlet
5.6Biogas Engine
5.6.2 Selection of Biogas Engine

4.5Demand Assessment
4.6Determination of System Layout

5.6.2 Selection of Biogas Engine
Generator Type

5.6.3 Electrical Design

5

5.6Biogas stoves
6. Cost Estimation

Summary of Basic Planning
Basic planning is conducted to figure out the scale of system,
overall demand, possible energy supply and the initial cost of the
projectproject.
Project objective, availability of feedstock, amount of biogas
production benefit from fuel or electricity saving demandproduction, benefit from fuel or electricity saving, demand
assessment, determination of the system layout, design and cost
estimation are done.
Available feedstock is calculated to determine the amount gas
expected daily.

6

Summary of Basic Planning CONT…….
3Amount of biogas production in m3per kg of feedstock is calculated.

The value is variable according to weight and feeding conditions.

Amount of fuel wood or other fuel saved by biogas and the amount
of energy generated by the produced biogas system is calculatedof energy generated by the produced biogas system is calculated.

System layout is site specific and depends on the general slope andSystem layout is site specific and depends on the general slope and
effluent management plan.

7
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BASIC PLANNING CONT…………..
Design: determination of the digester size and the type to be used
in a particular area. Gas line length, biogas engine (electricity) and
stove (thermal) applicationstove (thermal) application.
Cost estimation: includes labour transportation, material,
administration testing and commissioning user training andadministration, testing and commissioning, user training and
documentation.
Financial and Economic evaluation is also calculated.

9

P 1 5 1 Bi G i SPart 1: 5.1 Biogas Generation System

10

Part 1: 5 2 3 Design of Biogas DigesterPart 1: 5.2.3 Design of Biogas Digester

11

P 1 G id li f Bi 8 Procurement
8.1 Procurement Procedure
8.2 Procedure of Procurement

Part 1 Guideline for Biogas
Generation System Planning
7. Financial and Economic Evaluation
7.1 Financial Evaluation and Economic

8.2 Procedure of Procurement
8.3 Qualification
8.4 Construction Supervision

Evaluation
7.2 IRR and Cash Flow
3 i i l fi f i

8.4.1 General
8.4.2 Concrete and Other Works
8 4 3 Biogas Digester7.3 Financial Benefit for Biogas

Project
7.4 Economic Benefit for Biogas

8.4.3 Biogas Digester
8.4.4 Piping Works
8.4.5 Steel and metal worksg

Project
7.5 Cost for Financial and Economic

Evaluation

8.4.6 Electrical works
8.4.7 Excavation, soil and waste

Evaluation
7.6 Example of IRR Calculation

8.4.8 Safety arrangement
8.4.9 Testing and commissioning
8 4 10 User training

12

8.4.10 User training
8.4.11 Record and Documentation



PROCUREMENT
Procurement is done in accordance with the Public Procurement and
Disposal Act 2006. The method consists mainly of open tender.
The bidding document is prepared by the procuring entity (Rural
Electrification Authority). All eligible bidders obtain it from the
company website and submit the duly filled document to the offices.
The bids are subjected to an evaluation process, and the successful
bidders are awarded contracts to carry out the project.

i i h i f h j d hREA supervisors monitor the construction of the project and the
commissioning activity.
Contractors maintain d ring the liabilit period then the project isContractors maintain during the liability period then the project is
handed over.

13

1 Overview

Part 2 User Guideline for Biogas Generation Operation
4 Recording1. Overview

2. Components of Biogas Generation System
2.1 Biogas System Components

4 Recording
4.1 Recording of Produced Gas
4.2 Recording of Generated Energy

2.2 Biogas Digester
2.3 Biogas Bag, 2.4 Biogas Filter
2 i i d G

g gy
4.3 Recording of Maintenance

and Repair
2.5 Biogas Engine and Generator
2.6 Biogas Stove

3. Operation and Maintenance

5. SAFETY
5.1 General
5 2 Methane Gas3. Operation and Maintenance

3.1 Starting of Biogas Digester
3.2 Daily Routine Works of Biogas

5.2 Methane Gas
5.3 Hydrogen Sulfide
5.4 Effluent

Digester
3.3 Periodical Works
3 4 Expansion Chamber and Effluent Use

6. Operation DOs and DON’T
6.1 “DO” Items
6 2 “D ’ ” I3.4 Expansion Chamber and Effluent Use

3.5 O&M of Engine Generator
3.6 Biogas Cooking Stove

6.2 “Don’t” Items
6.3 Trouble Shooting and Spare

Parts Supplyg g

14

pp y

Part2: 3. Operation and Maintenance

15

Part 3 Guideline for Monitoring and Evaluation
1 Monitoring1 Monitoring
1.1 Necessity of Recording and Monitoring
1.2 Monitoring Item
1.3 Format of Recording and Monitoring
2. Evaluation
2 1 E l i2.1 Evaluation
2.2 Technical Evaluation
2.3 Financial and Economic Evaluation2.3 Financial and Economic Evaluation
2.3.1 Benefit of biogas
2.3.2 Example for Financial Analysis of Biogas Generation System
2.3.3 Example of Financial Analysis of Biogas Cooking Fuel Supply
2.3.4 Example of Economic Analysis for Biogas Generation System
2 3 5 E l f E i A l i f Bi C ki F l S l2.3.5 Example of Economic Analysis for Biogas Cooking Fuel Supply
2.3Utilization of Effluent
3. Environmental Management3. Environmental Management

16



Part 3: 1. Monitoring

17

Part 3: 2. Evaluation
To analyze system efficiencyTo analyze system efficiency
To obtain lessons and learn from them for implementation of similar
projects in futureprojects in future
To provide advice for better and more efficient operation
Especially for public projects it is necessary to present data andEspecially for public projects, it is necessary to present data and
analysis results to justify the project according to accountability
requirements.

Preparation for
evaluation

Site survey for
monitoring&
evaluation

Datacollection
(and sampling) Dataanalysis

evaluation

Report and
feedback

Benefit
analysis

Preparationof
recommendation

18

Illustration of Pre Feasibility study
Nyeri high school is located in Nyeri county. ApproximateNyeri high school is located in Nyeri county. Approximate
population of 1500, 10 cows and 15pigs.
Electricity consumption 1 5 mil KSh/year and fuel wood isElectricity consumption 1.5 mil KSh/year and fuel wood is
0.8mil Ksh/Yr.
P li i d i i f llPreliminary design is as follows:

19

Cost Comparison between installation system with generator and without

20



REA’s Biogas projects

REA has successfully completed a biogas project in
Mangu high school. Generating electricity from the
biogas obtained which is used to pump water.biogas obtained which is used to pump water.
Isinya biogas will undergo rehabilitation to begin

f ti ifunctioning.
Feasibility plan for construction of another facilityy p y

in Nyeri high school is underway.

21
22
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Simple Pre Feasibility Study
on

Wind Power Development in BaragoiWind Power Development in Baragoi

INTRODUCTIONINTRODUCTION

1 1 P f Si l P F/S1.1 Purpose of Simple Pre F/S
A. Wind diesel power plants can be used for power

l i h isupply in autonomous systems where a connection to
the national grid is either impossible or too expensive
due to long transmission linedue to long transmission line.
B. The most important purpose of a Wind Diesel
Hybrid system is to reduce the consumption of dieselHybrid system is to reduce the consumption of diesel
fuel. In general, isolated diesel power stations are
located in remote areas, and transportation and oillocated in remote areas, and transportation and oil
storage costs can therefore be reduced.

Location:
Samburu County is located
in Rift Valley. Baragoiy
Baragoi is located around
100 km fromMaralal, in100 km from Maralal, in
Samburu County.

Location:
N 1.46’44’’,
E 36 47’26’’E 36.47 26
Altitude:
1280 meters above
sea level.sea level.



 
(Diesel Generator) (Transformer) (Diesel Generator)  (Transformer) 

  (Control Unit)   (Fuel Tank) 

1.3 Climate
Semi aridSemi arid
Temperature:
Averaging between 25oC during the coldest
months (June and July) and 33oC during themonths (June and July) and 33 C during the
hottest months (January to March).
R i f llRainfall:
Total annual precipitation averages 700mm.p p g
April and November being the wettest months
while the driest months are between July andwhile the driest months are between July and
September.

2.1 Socio Economic Conditions
Samburu North Sub County
Population: 59 801 (2009 census)Population: 59,801 (2009 census)
Households: 11,699 (2009 census)
Baragoi town
Population: 4 694 (2009 census)Population: 4,694 (2009 census)
Households: 924 (2009 census)

2.2Power Demand
Leilei

Hospital

District Commissioner’s
Residence

Town
Center

Baragoi
Girl's High School

Residence

G s g Sc oo
SG ENG

Power Station

Baragoi
Boy's High SchoolBoy s High School



Power Demand of BaragoiPower Demand of Baragoi
Diesel Power Station
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3 WIND ANALYSIS

3.1 Wind Monitoring

Monthly Average Wind Speed
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4 PRELIMINARY DESIGN AND COST ESTIMATE
4.1Baragoi Diesel Power Station4.1Baragoi Diesel Power Station

 
(Diesel Generator)  (Transformer) 

 
(Control Unit)   (Fuel Tank) 



4 2 Proposed Wind Diesel Hybrid System4.2 Proposed Wind Diesel Hybrid System

 
 

 

 
Capacity Factor = 1.2 / 7.5 = 16.0% 

4 3 S l i f Wi d T bi4.3 Selection of Wind Turbine

Penetration ratio can be designed to be less than
15% by installing two wind turbines of 7.5 kW.y g

Annual Energy Penetration = 10 512 2 / 182 500Annual Energy Penetration = 10,512 2 / 182,500
= 11.52 %

Benefit from wind turbine installation Capacity Factor vs. EIRRp y



dConsideration
For a wind project, most important pre condition is
to select a sufficiently windy place.
Capacity factor needs to be at least over 20%. The
benefits from wind will be improved by selecting a
site with higher wind potential.
Optimization of Installed capacity of diesel generatorOp a o o s a ed capac y o d ese ge e a o
at Baragoi Diesel Power Station should be considered
as it is not appropriate for the current powerpp p p
demand

Thank YouThank You



Access to Cleaner EnergyAccess to Cleaner Energy
Developing & Under developed Marketp g p

Arvind Garimella

Lessons from solar lighting project in
Africa and
India

Ch llChallenges
Takeawaysy

DFID TERI Africa
The DFID TERI Partnership Project is a collaborative action research,

aiming to pilot scalable business models for provision of clean
cooking and lighting solutions for poor households in Africa,
especially in Kenya and Ethiopia. This is being achieved through;

Review of existing technological solutions and delivery models
and identification of barriers to the promotion of clean energy
(lighting& cooking) options in sub Saharan Africa;(lighting& cooking) options in sub Saharan Africa;
Sharing lessons and best practices from the Indian context in the
area of policy, regulation, financing, technology and deliveryarea of policy, regulation, financing, technology and delivery
models; and
Demonstration of the techno social viability of the decentralizedy
cooking and solar home lighting applications through innovative
business models and financing options to bring improved quality
of life to the rural households in the region.

National Level Distributors
Main

Distributor/Manufacturer

Incentive

Local Retail

Distributor/Manufacturer

Corporates
and Non
profits

Shop in Shop
Model

Wholesalers/
Local

Distributors

Banking & Micro
Finance Institutions

Local Retail
Branches of
National Level
Distributor

Cooperatives

Employees/ d ( )l ( ) ld ff Cash Sale/b ( )/ ( )

Sales Representative

Employees/
Beneficiaries End User (s)Retailer (s) Field Officer Cash Sale/

LoanMember (s)/SME(s)

End User(s) End User End UserStrong
Channel for

Under developed market
Under

Developed
Markets



Incentive as a Trigger. Ethiopia

Development of last mile SMEDevelopment of last mile SME
Wholesale price to last mile
Products on credit to SME
Training on technical aspects
Training on marketing and promotion

Financial Products New Promotion Activities New Partnerships

Incentive as a Trigger. Ethiopia

Incentive at National Distributor Level
Scaling up in to new areas.
Feedback from last mile SME
Introducing new products through opinion leader
channelchannel

Capacity building Marketing Sharing incentive

Incentive as a Trigger. Kenya
Incentive at National Distributor Level
Capacity building
and New Resources Marketing New Fiancial Products

and Package Deals

Last Mile SME

L t Mil SMELast Mile SME



Lighting a Billion Lives (LaBL)

We commit to enable a billion livesWe commit to enable a billion lives
to access light from solar technologies

Lighting a Billion Lives

Lighting a Billion Lives initiative
facilitates setting up of micro solar
utilities, which offer clean lighting
solutions to energy poor villagessolutions to energy poor villages

Provides reliable and clean
illumination
Replaces the use of polluting
kerosene as a lighting fuel
Catalyzes rural solar market
Equips local human resources with
technical and managerial skillstechnical and managerial skills

Global Presence Technologies

SOLAR CHARGING STATIONS SOLARMICRO GRIDSSOLAR CHARGING STATIONS SOLARMICRO GRIDS

SOLAR HOME LIGHTING
SYSTEMS

INTEGRATED DOMESTIC
ENERGY SYSTEMS



Solar Charging Station (SCS)

Source: TERI , 2012

Lanterns usage

Solar Micro Grid (SMG) Integrated Domestic Energy System (IDES)

IDES provides access to basic energy from a solar module (20 Wp; 20 Ah battery) for lighting
(2 lights of 2 3 Watt each) charging mobile phone and for operating a forced draft improved
IDES provides access to basic energy from a solar module (20 Wp; 20 Ah battery) for lighting
(2 lights of 2 3 Watt each) charging mobile phone and for operating a forced draft improved(2 lights of 2 3 Watt each), charging mobile phone and for operating a forced draft improved

biomass cook stove.
(2 lights of 2 3 Watt each), charging mobile phone and for operating a forced draft improved

biomass cook stove.



What does TERI do?

CSR /Govt.
Funds

TERI

Technology
supplier

Local Financial
institution

Capacity
building

VGF

Energy
Enterprise

Small Loans

S i & R i fDirect p
Products

SCS/SMGs

Setting up & Responsive after
sales service, replication to
cover more areas

Direct
Installation

Provision of lighting through
lanterns/fixed lightsHouseholds

Key Features

Quality Technician/Q lit d t Quality
installations

Technician/
Operator trainingQuality products

Responsive after
sales support User satisfaction

Financing Innovations/Success factors in LaBL



Challenges in Solar Light dissemination

Technical

DES FinanceDelivery

Policy

Overcoming challenges ……Overcoming challenges ……g gg g

Technology …… Financing ……



Institutions/delivery …… Policy……

Takeaways
Service delivery models to be structured considering the uniqueness of
the region within which the plant is to be installed Today off grid gridthe region within which the plant is to be installed Today off grid, grid
connected tomorrow

Contrary to prescribed models of off grid electrification, top down
approach/organized structure seems to be working better than
community model
D i i i bl iff id i b h bili llDesigning variable tariff structures considering both ability to pay as well
as operational expenses
Strong regulatory & policy regime supports development of projects –Strong regulatory & policy regime supports development of projects
Viability gap funding/Results based aid
Need to build local capacity and adopt clustering for effective
maintenance & viability of operation

AssanteAssante
Thank You



3L Policy by JICA
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1980 1985 1990 1995 2000 2005 2010

Village (central)
95.6 kW

Ice making Lighting Clinic Refrigerator
181 sets16.2 kW 9 kW

Past Experience of Technical & Financial Cooperation

Village (central)

Village (central)
150 kW Telecom

Telecom
Telecom

Ice making Lighting

Telecom

Water supply

Water supply

Clinic Refrigerator

Water supply Water supply

Soft loan
Water supply, lighting

Micro grid

Telecom
Water supply65 kW

Water supply

Telecom

Telecom
60 kW

Water supply
Water supply

pp y, g g

Maternity hospital lighting

F/S for Mega solar
(20MW)

Water supply

Emergency call
148 kW 692 kWSHS

pp y
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Project for Establishment of Rural Electrification Model Using Renewable Energy 
 

Venue: Panafric Hotel, Nairobi 

Date 3rd February 2015 

Type Of Meeting 
International Workshop on Rural Electrification with Renewable 
Energy 

MEMOS OF DISCUSSION 
1. Morning First Session 

Eng. Kamweru, REA made opening remarks with welcoming participant and summarizing importance of rural electrification and 
renewable energy. Dr. Dei, JET, introduced project activities and familiarized participants. Mr. Ogawa, JICA, explained JICA’s 
Cooperation for Rural Electrification with explanation of rural electrification situation together with economic growth in the world. Mr. 
Ndugartitse from Ministry of Energy and Mines, Burundi, presented summarized paper of Burundi Renewable Energy, Current 
Situation, Opportunities and Challenges 

After above presentations, following discussions were held:  

The participant inquired Burundi guest about Feed-in-tariff in Burundi. He replied that power purchase agreement determines tariff 
with respective conditions of the power generation projects. 

The participant from Green Africa Foundation asked JICA that although Angola has large economy but the electrification ratio is low, 
despite that increase of economy promotes Rural Electrification. JICA pointed that the domestic resources in the country have not well 
utilized for the development. 

EAPP Chair inquired to Burundi guest if Burundi has intention of investment for geothermal or hydro while current installed capacity is 
about 50 MW, and asked if they still want to import power. Burundi guest replied that they are officially importing from Ethiopia and 
Uganda, and import capacity will be increased but import power increases tariff. He added that Burundi have strategy of developing 20 
MW from Indian investment and 50 MW from complex partners such as WB.  

The participant from Univ. of Nairobi REA asked if there will be the universal solutions. REA replied that business point of view and 
national development is different and each has different plan. JICA mentioned that JICA WB, and donors have been supporting energy 
sector development at the county level, and they have donor’s meeting to coordinate to avoid duplication. JICA also added that in this 
project, REA will disseminate the model and introduce guidelines. Such outcome should be shared among donors too.   

2. Morning Second Session 

In the second morning session, the presentations from greater East African countries were held. The guests from Ethiopia, Mr. Girma, 
from Rwanda, Mr. Munyemana, and from Uganda, Mr. Bena presented their papers. 

The participant from Univ. of Nairobi asked to Rwanda and Uganda guests about the situation for training. Uganda guest replied that 
they have research and training center and university for Engineering at higher level. For lower level, there is technical institution to 
train the technicians electrical works, and they have the module of solar design and sizing. He also mentioned that before Uganda 
emphasized grid electrification and rural connections in 2001 were only 1%, and now Uganda has national targets as explained. 
Rwanda guest replied that central government provides trainers training and local authorities also have training capacity. He explained 
that in Rwanda national capacity building initiative for graduates and industry sector is available.  

3.  Afternoon Session 

In the afternoon session, the representative from REA, Kenya Mr. Gochi presented for PV and wind, Ms. Kelly for biogas, and Mr. 
On’gonga for MHP. Also, Mr. Garimella, from TERI, India presented about TERI’s activity. 

The Participant mentioned about low sustainability of rural electrification by PV.  REA replied that for rural school electrification 
projects, qualification is being conducted in tendering and tender document makes importance on quality. REA also explained that 
Energy Act 2020 enhanced solar installation quality and competence. 

The Participant pointed that no actual example was given in biomass and wind, and inquired if. REA visited site and give advises.  
REA replied that as for Biomass, two biogas projects were implemented, and REA explained the cases of Mangu and Isinya for 
rehabilitation.   

The Participant mentioned about Pre-F/S wind Baragoi project and asked if wind has mechanical problem and how to cope with in case 
of Baragoi. REA replied that all necessary information is in the Guideline, which is distributed in CD. 

The Participant asked about Biogas guideline, how long it can be used, and pointed that new biogas standard at the final stage of 
preparation. REA replied that the Guideline was developed with validation procedure and the feedback was incorporated. REA also 
mentioned that the Guideline will continue to be updated when new technology comes online. 

4. Discussion Session 

Plenary discussion on rural electrification using renewable energy in greater East African countries is held with Participants with the 
panelist representing REA in Kenya, JICA, and TERI.  

The Participant pointed that Rwanda has similar policy with Kenya and they have 100% electrification target for schools, health 
centers, and public institutions, and inquired how to deal with O&M sustainability. 

Rwanda guest answered that electrified schools are encouraged and have obligates to ensure maintain once they have receive 
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electricity, and the contractor has 1 year maintenance obligation. He also explained that schools have mandate to carry out 
maintenance. Ministry of Health and local government have similar policy and they secure budget for maintenance. The Participant 
asked if they do not have income generation by charging service. Rwanda answered that for school, they have to raise fund. 

The Participant inquired how Rwanda increased electrification from about 15% in 2011 and will achieve 100% electrification by 2020.  
Rwanda guest replied that EARP (Electricity Access Roll out Program)  increased all plans with development partners and donors. 
EARP grid extension will electrify 40% by 2017-18, and 70% by 2020. The remaining electrification will be achieved by off-grid 
applications. For that, whole country was mapped and different resources are available. Private investors will have sufficient incentive. 
RE strategy enhanced such aspect.  

The Participant inquired Ethiopia that how the private sector is assisted. Ethiopia guest replied that policy provide support and 
incentive for private sector. SHS and biogas alternative energy support is provided under ministry.  

Kisumu County Chief officer questioned about renewable energy options including domestic biogas. A participant mentioned about 
TERI business model and inquired if REA looks for business model for hydro and biogas. REA replied that REA will not implement 
private household level biogas but will provide technical assistance to village or community. Information will be given. REA also 
mentioned that renewable energy is expensive and capital intensive for business is tricky, thus REA will not go down to business model 
for small renewable energies. REA encourage institution manager for project participation.  

Kisum County Chief Officer also asked if REA reviewed water issues and climate change. REA replied about micro hydro 3000 MW 
figure is from MoE&P and MoE&P has updated hydro potential information. As for environmental assessment, REA replied that the 
guideline introduces the requirement of NEMA.  

 

The final comments of Panelists were as follows. 

Burundi: Rural Electrification has problems that extension of grid is not possible for long line in terms of economics. Priority is put on 
private investment. 

Ethiopia: Ethiopia has municipal waste energy program by 2020. Kenya interconnects with Ethiopia. The Power generated in Olkaria 
by  KenGen will go into Ethiopian line. Interconnection benefits to share resources. Maintenance is also needed. 

Uganda: We will achieve 2040 target. We started renewable energy program from 2002 till now and we are electrifying 7-800,000. 
Demand is still increasing. Fast implementation is required. Rural access program is constructed with infrastructure development such 
as road. Small and micro enterprise was formed and they took contract for low-medium voltage line construction. In addition, Uganda 
has vision of 5000 MW development, which is quite ambitious. Our least cost option is hydropower and 3 projects are under 
construction (600 MW Karuma under construction, 600 MW Ayago, and one more). For below 20 MW, we have FIT 9-10 cents/kWh, 
and 170 MW is under Tendering. Procurement of 20 MW PV was finished and will be commissioned in 10 months.   

Rwanda: Methane is not very common and has some challenges. Construction management is also challenging. 50 MW methane gas to 
power plant will be started by 2018. It will be the pioneer. For capacity building, Rwanda has National Capacity building Secretariat, 
which is in operation 

TERI: Rural household affordability for renewable energy is already there. Lower price of Lighting Africa will help. But they do not 
care about certificates for quality. For marketing in villages, at present there is no household profiling. Household cash flows should be 
assessed such as harvesting season for marketing. Which product is suitable for which household should be suggested. 

JICA: As for issue of penetration of renewable energies, islands countries have rapid increase of renewable energies, which affects 
operation of utility company. In case of Japan, after 2012, FIT large scale Mega-solar caused confusion and some utilities companies 
refused to accept mega-solar. Small nations will face this issue due to increasing renewable of energy. It may need to consider to limit 
the level of introduction of renewable energies.  

Dr. Dei, JET: From 2012, we worked with REA. REA is very busy and difficult to share the time. However, they tried to understand 
and today they showed good presentation. We are happy. We created guidelines for technologies with cooperation of REA. We expect 
REA  staff grow strong. Thank you for three years.  

 

Way Forward 

As the last session, Mr. Rogoncho, Design Department of REA, closed the session with mentioning about importance of human 
development, financing for energy development, public private sector partnership, interchange programs, and technology transfer for 
rural electrification using renewable energy. 
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