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Brief Overview of MG

ADefinition
ASystem of small electricity generation and distribution infrastructure servil
limited number of customers isolated from national electricity networks
ACapacity ranges from few kWs to MWs.

AMGs are coseffective option for high quality electrification scheme
Awhere the cost of grid extension is prohibitive

ABenefits of Minigrids

Aenabler ofSOCIO-€conoMicdevelopment(extended hours for small
businesses, benefits for education, health, greater security, etc.)

Aenabler of rural industrial developmenf enabling PUE for SMES)

Afacilitator for the delivery of public servicegelectrification of social
Institutions)




Mini-grid Operator Models

Describe organisational structure of mini-grid implementation and operation

4 MG operator models
A utility,
A private sector,
A community and
A hybrid models

Differ mainly in Ownership of Generation & Distribution assets, and
who does O&M of MG system, and relationships with customers.



Summary of operator models

Utility Model | Hybrid Model 2 Community
1 Model 4

Utility Private/Utility/Community Private Private Community

Government Private actors Private company Private company Community members

or generates and manages all aspects manages all aspects organise to

parastatal utility distributes in the absence of in a regulated manage generation

utility the electricity, or the Government environment and distribution in a

manages all  reverse; or private regulation regulated environment

aspects entity to commercialise with support

of minkgrid electricity and/or coordination
generated by and from an NGO or
distributed through private company

public assets




Summary of operator models

Utility Model 1 Community
Model 4

A Can absorb funds A Different actors A Commercial A Scalability through A Selfmanaged public
easily; contribute their sustainability creates private capital; infrastructure;

A Less regulation strengths, technical incentives for longerm A Technical knowhow, A Less conflict potential
needed; and management operation; high reliability; with customers and

A Connection of MGto  know-how; A Ability to act fast A Profitability ideally officials;
main-grid can be A Scalable, profitable; without government allows for scaling up A Creating assets and loca
easier; A Less conflict potential  interference; operations; ownership;

A Crosssubsidisation of ~ with customers in A Profitability ideally A Legal security of A Enabling self
tariffs, thus case of distribution by  allows for scaling up of  regulated market determination and
affordability easier utility with cross operations attracts private economic development
ensured; subsidised tariffs. finance

A Aim to fulfil national
electrification goals

A Not the core business; A Complex A No financial support A Reliable regulation A Insufficient local human
A Unsuited company management, from public obtainable;  needed, dependency (technical and
structure for smaller feasibility of models A Grid interconnection on lengthy approval management) capacity;
projects; depend on regional/ challenging/ impossible  procedures; A Often unclear ownership
A Strain on limited local context/ A Changes in regulation A Debt financing structure;
budget; structures; and fixed tariffs can needed for scaling A Usually high grants
A Political interference; A Nonfulfilment of reduce profitability; up; needed;
A Possibly corruptionin  contracts due to A Conflicts with A Vulnerable to A Tariffs not covering
procurement; conflicts between customers due to changes in operation and
business partners; monopoly; regulation, fixed maintenance (O&M) and

A Insolvency of one A Insufficient quality and  tariffs, conflict with reinvestment costs;
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Economics of MGs

A MG operations, like any other business, must be;
A economically attractive. In addition to covering cost, a risk-equivalent return is
needed in order to attract investment.

A Fixed cost of MGs include generation and distribution hardware. Variable
costs arise from O&M and management costs.

A Revenues originate from;
A connection fees, electricity sales and grants or subsidies.
A Stable revenues require both accurate predictions of electricity demand, as well
as matching customerso electricity der
A Subsidies influence average tariff, the affordability and the scalability of mini-grids

A Connection fees must form a balance between ensuring commitment of
electricity customers and covering connection cost, while still being
affordable for customers

A Financing MGs can come from public or private sources. In terms of
private financing, project finance is so far difficult to acquire.



CASE: Tanzania Context

APopulation (2015): 49.4million WS
A32.8% of population connected with { T N
electricity; 16.9% in rural areas Ve T mes

AElectricity consumption per capita: -

137kWh/person/yr. .

AElectrification target: 75% by 203%icreasing '\
the share of RE in total final energy |
consumption, including offrid generation, tc =~
more than 50 percent by 2030

AEmission reduction targets of ZD% by 203C = '}
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Mini-grids: Development Status

Byearly2016, Tanzanislainlandhadupto 109 existindiGsn 21 regionsvithtotal
Installeccapacitpfl1577 MWconnectin83,7/05customers

Hydro 9 ] 32,920.9
Biofuel 7 51,714.0

Solar 234.0
Wind 0.0

Diesel/natural gas 72,700.0 170,065

Hybrid 176.8
All sources 157,745.7 183,705




Mini-grid Ownership Trends
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Financing Mini-grids

REF Financing Sources 2007/08-2013/14

B Government budgetary allocation
B Interest on Investment

Sida contribution to REF

B Norway contribution to REF

W Electricity Levy

= Pre-destination Inspection Fee

REF financing forgfid extension and mini-grids totaled USD 255 million
This excludes funds from Faith Based Organizations and some development partners




Addressing Policy Barriers to MGs Development

Inadequate policy on SPP No MG specific policy, but incorporated in 20032008
Electricity Act

Lackof regulatory framework for ElectricityAct, EWURA Act, REA Act, SPP 20022008

SPPs regulatory framework

Lack of SPP tariffs for SPP Establishedariff Setting Mechanism 20082009

projects

Lack of technology specific FITs Revised Tariff Setting Mechanism 20092012

Economies of scale in technolo¢ Revised Tariff Setting Mechanism 20122015

specific FIT

High inflation and TSH currency Revised Tariff Setting Mechanism 2012-2015

fluctuations

High taxes/duties on renewable Tax exemption for solaquipment 2000
equipment

Electricity Act

SPPA & SPPT regulatory
framework

Technology neutral FITs

Technology Specific FITs
Technology size specific

FITs

FITan USD

No taxes/duties1 gn solar
PV



AddressingPolicy Barriers to MGs Development

Lack of financing for
private SPPs

Lack of credit line
facilities

Inadequatelocal
capacity to develop,
O&M SPP projects

Poverty of potential
customers

Established subsidies

Establishearedit and loan
guarantee facility via TIB

disbursedby local banks

REA established a fund for

capacity building

20082014

20082014

20102015

Connection costs were waive(2010-2012

for specific periods for new R

Matching &
performance grants

Commercial loans for
SPP projects

Tool kit and training of
local investors and
commercial institutions
In SPP financing
Incentives

Customers pay only VA
costs (18%pf *°



GOTZ/WORLD BANK TEDAP PROGRAM

MATCHING GRANTS

Up to $100 000 provided per project for feasibility studies, business plan development and impact
assessments. $3.1million has been disbursed for 30 RE projects with a total capacity of 94MW from
2010-2014.

PERFORMANCE GRANTS

$500 for each connection. 5.3million has been disbursed for 7 projects from 2010-2014.

CREDIT LINE FACILITIES

$23 million credit line established for long-term loans of up to 15 years through the local Tanzania
Investment Bank.

NEW FINANCING: RERE PROGRAM

World Bank support of $200 million for grid extension and $75 million for mini-grid projects during
2015-2019

Photo courtesy 14
flickr/Windwérts Energie



~ MGs quality and security standards
APlanning and building a migrid involves various institutions,
including TIC, MEM, REA, TANESCO, EWURA, NEMC, regional v

basin offices, and local governments.

AConsents include: land titles and leases, resource rights (e.g., wat
rights), letters of intent from TANESCO, business license, tax
registration, building permits, environmental and social clearances
small power purchase agreements (SPPASs) with the distribution
network operator and approval by the regulator, generation,
transmission, distribution, and supply licenses.



Key Lessons

ATechnology specific FITs are more attractive to MG investors
than technology neutral FITs.

AOwing to falling prices over time, FITs for solar and wind can
best be determined by competitive bidding.

Alrrespective of the ownership approach adopted the efficient
operation and management of mini-grids coupled with cost
reflective tariffs is key to long term sustainabllity

AFinancing of mini-grids should be a joint effort of governments,
development partners, the private sector and faith-based
organizations.



CASE II: Ethiopia

Electricity access

AAccess to Grid electricity:
A31% National

A85% Urban
A10% Rural

ASolar Lanterns and SHS
A16.5% Rural

A70 million people without electricity

AProportion with access declining

Access deficit, 2012 (million people) Annual growth in population with access, 2010-12 (%)
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Source: World Bank Global Electrification Database 2015



Access to electricity in Ethiopia

Grid connection cost
AUS$976 to US$2,790 per custom =

Rural Access Situatiot

depending on how close the new 8%
of new connections Is to an exist 60

,distribution system. ) I

AGovt. of Ethiopia recognized grid .

expansion alone cannot bring un - I_l
access to electricity P et |

AOff-grid solution with minigrid are G Buom "0 Awhaa O
in the government agenda for pre Mudse

: .. ' oty (% 0 0 0; 0 0
of wider access to electr|C|ty. BHouseholds withelectnety 0% 8% 6% 0% 4% 3%



Ethiopia Resource Group Project Location

Wind Powered MG for rural electrification




Settlement Patterns

ASeveral dispersed clusters of
households.

AEach cluster varies from 15
to 40 hotiseholds




ERG Project Conception

AERG conducted a resource ant 500
needs assessment for-gffid 00
energy in North Shewa for .
MOWIE in 2013. 100 -
. ) . . T Venz .
AR.ecognllzed potenthl for Wlnd il P m N
micro-grids due to high wind Midir-
speeds and clustered settleme =Xeosex B | P8 Al 5 WL S8
Dry cell battery - large | 95 200 218 148 142 179
ARural settlements had no acce "Ry -mal} 8 } B0 % 14 1 %
u Mobile phone chargime | 123 122 154 160 122 137

to power although power lines
pass through some of them




ERG Project Conception

Wind energy resource

14N -

AAnnual average wind resource potential in 12N
project area is between 7 and 8 m/s

1ON

AWind speeds are stable across the months wit
less than 20% difference between the mean fc s
the month and the mean for the year.

6N

ALow wind speed season is from June to mid

September 4N

|
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Project Financing Structure

AERG received grant from the USADF to pilot wind powered
micro grids in 2014.

AUsed this grant and equi(@0% of investmentto develop 6
wind-solarstorage hybrid micro grids iMenz Gera Midir




Project description

AEach of these 6 micro grids is powered by a
1.4kW wind turbine and 0.6 0.9kW solar
PV, with battery storage.

AThe six systems sen290households for five
hours a day.

AEach household is provided with two
lamps and a power outlet for chargin
mobile phones.

AAdditional 100households benefit from
mobile phone charging bays.




Development and implementation

Anitial assessment of resources and demandk
during MOWIE survey.

Avalidation of MOWIE data with new survey,

community and local government consultatigi

ASystem design, land use permit, investment
permit, procurement.

MATERE Lafol-AT BITNE-OLT LTANAD 00 F2/7T
\N\/7 THE FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
CAACRE WHINT oo heL T
- ~ ETHIOPIAN INVESTMENT COMMISSION
PUIC @O0 QAUNT ChHINToo Tl AL
(< 0IC L2 NI VIC @0 QAT CrPml)
INVESTMENT PERMIT FOR DOMESTIC INVESTOR

(Foreign Nati Considered as a D i )

eare wvc EEA- IC-W‘Z 15

Permit No.

eramnd +3 12/ 0!/07 b .

Date of Issue

NAHINTood ) APE 4TC 280/1994 W3R 12/1/6 aow it eham::
This Permit is issued pursuant to Article 12(1) (b) of the Investment Proclamation No. 280/2002.

PaABE D9 . 77.;'1/’ e QU5 LA B B kL R
Name of Investor C/‘A‘ﬂ RQ‘;DU."(Q: éf(’% /2: R 6‘//’4 e msiieis s e s weemeie Bae s
B TR VAL T o g N G A NG SOOI YAk VR (LR e
INa®orlllity ....... Ctl'}la 0,)7J " J LM 4 ol S YT Sk T LS, 2 AT SO N T TP o
pnavnt agen: nan B S ntm K F.. ocamn EEL. woa . a..... PO RTC To.L..
Address of Investor, Region . /7. .4 City . L .. WoredalS.C kJrkiS Kebele.. .. .. House No . .7......
eAHiNT vt € it ootn JYRGU. D b 0K . ok OF . ZuhtE PIék o) Por1¢. BoAiidiin
Investment Activity M.E/3.7:. é’é)’ﬂ SU Air. )Cr P8. S5Mall . wWind pl.lo‘eh/fb{ Ruye). £)¢
PR HIN a0 A&Lh: NAA . é[ryé.- ........ mm/n-r«v Ph&n 7 U8 #«9 <.
Investment Location Region . . /4 ja. harq.........
eAHihTayE WEAA oo a2l R agp,o.an 2D
Amount of Investment Capital . Bi}"f. o .ZL?Z’D, : O
1 PONL OTPS LCMT ' .../l
Name and Signature of the Official

ATri-partite agreement among ERG,

Wereda/District Bureau and the 2
imnlementatinn Kehelac

oLNt
RENEWAL
h Adh h —
FERAL Renewed from HERAL Renewed from
- to to o

wcm prel BT R 4coy ey
[P —— P - Signature Signature
o o a Al
Name Name Name e

IV ISeal “IrH9ISeal “VVE9/Seal Yrt5/Seal
oy |

1L 2V &2 hPAmOT L FI°C ARIE hoot POLLINTA LUSA: IPSI° MNAUNE MPEIT A% NUALIE
AaTTe LR ALHT® LTAN::

This permit is valid for a period ofoneyurfmmtlledneoﬂssue-nd the Commission may extend the validity
period of the permit upon ion of li for by the i ‘

2. AHINES 1950 @L9° NIAIN-T aohmT haoFBaos. N&T 9, Crvl- A#% DM AAT::

‘The Investor is required to obtain an operating licence for the enterprise prior to the commencement of operations.



Operation and Maintenance



Management

AERG owns and manages the facility
ACharges monthly fee for service
AUser fees will initially cover only basic operatior
and routine maintenance.
APrice escalation rates applied
AShares experience with others

AUser committees
AReport issues; collect fees



Early lessons

AFinance

AHigh investment
ADistribution system is costly (distribution poles and conductors) i need to
determine the minimum threshold for connections per distribution line ratio
ACost of technology per kWh output i lower for solar, higher for small wind
turbines
AFinancing needed for developer (grant, soft renewable energy loan, etc)

ALong pay back period/ low IRR of mini-grid investment (compared

to other possible investment sectors)
AMight not be very attractive for purely private sector owned model
ACost could be significantly cut with community involvement



CASE lll: Ugan

da

Country size: 241,006 km

Populationis estimated at 37
million (8million households) o
which 80% reside In rural area
Projected to be 56 million In
2030 (11,956,636 households
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Electricity Access

AThe national grid
electricity access rate National Electrification Rate
stood at 16% (20.4% If

solar iIs included o
EIeCtrICIty) . Dt:;rs

Aln the rural areas 5.1% of
households are
connected to the national
grid (Another 5.2% use

Oﬁ'g”d SOIU“O”S) Sources: National Population
and Housing Census 2014

Without
Electricity
80%




Rural Electrification Strategy: Grid Vs Off-grid

ARural electrification is implemented through a

combination of approached:

AGrid extension for areas where robust electricity is required
production.

AMini-grids for concentrated settlements located far from the grid but
with potential for productive use

AStandalone solar systems for dispersed and isolated loads

AThe Master Plan determines where its cost effective to extend the
grid and to identify areas suitable for miginids.



Existing Hydro Mini-Grids

A3.5MW minihydro dam in West Nile region implemented
using debt financing, equity and a subsidy commissioned |
2012

AKisiizHospital in Western Uganda 374KW hydro rgjrd
supplies electricity to hospital and neighboring community

AThe 64kWBwindimicro-hydro located in south western
Uganda supplies electricity to hospital and neighboring
community

A40kWSuamMicro-hydro located in eastern Uganda supplie:
power to a community



Existing Solar Mini-Grids

A A 600kW PV & 1MW diesel hybrid mgnid
on Kalangaldsland on Lake Victoria Jan
2015 byKalangaldnfrastructure Services
which is 54% own binfraCoAfrica. Its part
of the overall infrastructure concession on
the island that include roads, water and ferry
service.

A Funding include OBA grant US$3.3m,
US$1.8m commercial loan and DFI loans
and equity of US$13.8m



