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Research focuses:

*Integrated energy systems

*Mobility with RE

LJ Reiner Lemoine Institute

— Optimization of energy systems
— Energy transition processes
— Off-grid energy systems

— Integration of renewable energies into mobility

*Renewable energy technology einer emoine

Founder of the Reiner Lemoine-Foundation

— Small wind power

Scientific research for an energy transition
towards 100% renewable energies
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Status Quo Electrification

> Worldwide 1.3 billion people live
without access to electricity

> Especially rural regions without
grid connection are affected by
this

> Grid extension is there often
improvident.

earth by night Image and data processing by NOAA's National Geophysical Data
Center. DMSP data collected by US Air Force Weather Agency.

» Electricity is a fundamental requirement for economic development and
basis for improving elementary needs like education, health, security and
communication.

» Autarkic island grids are often the only possibility to enable flexible access to
electric energy for people in rural areas and to enhance local creation of
value.
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Island Grids/ Mini-grids
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» Mini-grids offer ideal conditions for a grid independent electricity supply.

Mini-grids consist of at least

> one energy generator,
> one energy storage,
> one control unit,

> one consumer load and

at a capacity range of kW — MW
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Cost analyses on a global scale

analysis of analysis of recording of most convenlent

local energy

national diesel existing road solar

price network irradiation source

(PV vs. diesel)

> PV mini-grids compete with grid extension and pure diesel-grids.

> Increasing distance to the national grid and low density of
consumers make grid extension improvident.

> High national diesel prices make pure diesel-grids improvedent.

> Increasing distance to large trade routes leads to high transport
costs for diesel.

» With high local diesel prices and good solar irradiation in rural areas solar
energy becomes the most convenient energy source.
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Electricity generation costs of pure diesel grids

ex here PV
is competitive

> Costs of local energy production depend highly on the diesel price
> Subsidization and taxation of diesel have strong effects on costs
* 11 diesel corresponds

31,

e

» Diesel price is essential for competitiveness of PV-based mini-grids
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to diesel .
[€/Wh, ]
-

3

> Remote areas profit intensively by decentralised energy supply
> Subsidization of diesel makes PV improvident

» In many areas PV-battery-diesel systems have already a clear
cost advantage

PV-based Mini-Grids for Electrification in Developing Countries
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Optimal PV share in hybrid PV-battery-diesel systems

optim
PV sharo (%]

> In areas where use of batteries is profitable, also evening- and night-hours can mostly be
covered by PV, i.e. ca. 85 % PV share

> 100 % PV share is possible, but does not lie in the economic optimum because of the required
battery capacity

» 25-85 % PV share of energy supply is economically optimal

BT P hased MiniGrds for Electrification in Developing Countries
Christian Breyer b christian breyer@r-insfitut de
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Amortization of hybrid PV-battery-diesel systems

payback period
[months]

12- 2

less than 7
years

> In many regions in Africa and South America payback periods of only 5 — 7 years can be
reached
> In very remote areas very lucrative payback periods of less than 4 years arise for PV mini-
grids
» In many regions are already reached very attractive payback periods for PV-
based mini-grids
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Potential Analysis
Business Models
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Levels and Participants of Electrification Projects

project development

premise level I
policy for renewable energies
L obtain permissions
permissions
o find investor
investment security
operational level
energy has to be reliable
and predi (can also be operator,
investor or state)
energy
operator e Ty t ive design
P i with people on-site
tariff
tariffs must be cost-covering
and affordable
T
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Best Practice: Approaches of Existing Business Models

> financing
> capital costs are subsidised and running costs are covered by
tariffs
> tariffs are subsidised in order to ensure equal electricity prices
nationwide
> social funds or family offices as investor

> operator

> national utility

> single operator model — operator has much power
community model — villagers need access to technical
expertise
> ftariffs

> no prepaid — more non-payer, risk of high debts

> prepaid without time limit - less planning security

> intelligent tariffs — technically useful, but complex; facilitates

awareness for the system

v

» There are already good approaches for business models but only few successfull
implementations

PR \-based MiniGrids or Electrifcation in Developing Countries
Christian Breyer B christian.breyer@rl-institut de
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Best Practice: INENSUS Micro Power Economy

> public private partnership (ppp)
> private investor owns production units (power station operator)

v

subsidies for grid possible
prospective subsidies will not be
necessary through proven model and
> micro finance inst. allows capital expenditures in commercial activities growing trust

> community owns fixed assets (mini-grid operator)

> six months contract duration

> continous adapting to needs

> sufficient planning security

> satisfaction and good service through periodical negotiations
> electricity blocks

> units of fixed energy amount and specific capacity

> only valid in determined period

> additional energy is available at higher prices
> Load Management and Accounting Unit (LAU)
> load shedding based on determined priorities
> prepayment meter and house connection INENSUS
> electricity block trading [ ——

» Separation of property enables mutual quality check and flexible ending of
business relationship at breaking contracts

YR Pcbased Min-Grids for Electrificationn Developing Countries
Christian Breyer » christian.breyer@rl-institut. de
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Agenda

Potential Analysis

Business Models

Summary

> Je]o ]
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Summary

> massive need for rural electrification
> PV-based mini-grids are an (economic) optimal solution
> Considering of local macro-economic conditions essential for
success of business models
> financing is an enormous obstacle and has to be addressed early
> several preconditions still often have to be created
> clarifying the benefits and chances of renewable energies
> reduction of political and economic barriers
> training/ support of local banks, project developers and companies
> linking of all parties
>l ion and ion of i projects

[ KATTO Energie AG, Mincher]

> For success on a long-term interests of consumers, operators,
financiers and governmental organizations should complement
each other positively

» With successfull pilot projects business models can become reproduceable
and the electrification of rural regions can be pushed

PV-based Mini-Grids for Electrfication in Developing Countries
Christian Breyer b christian.breyer@rlinstitut.de
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Thank you for your attention.
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Backup
Parameter Szab6 et al. RUI Preliminary Note BT prmeme
I 95 % according to text but does not N .
Availability PV/ Battery—Systemmatch results PV/Battery/Diesel-Hybrid > The SMA Stiftungsverbund gemeinniitzige GmbH has
Diesel transport cost g'r?cge' travel time in h + nat. diesel g.r?cze. travel time in h « nat. diesel as one of its main focusses the development and
A 3,500 €/KW, (70 % modules, 30% 2000 ¢/l suppo; of c;):r\;/ezts a:d IJlulS|n(?(jss models for
BOS) ’ 4 spreading of FV=based mini-grics What is the background
Battery cost 125 €/kvAh 120 €/kWh > Within the first project phase “Analysis of market of this presentation?
Interest rate 5%pa. - 8% p.a. potentials* the Reiner Lemoine Institut was
Irradiation 5;'_':’)5;';5:‘5'5 (HelioClim) ;l;u:; jl:ilz,eDLR (NASA) commissioned to carry out a study
1/3 PV direct (daytime), 2/3 via > Research period: February-August 2012
Load curve B;ttery (nighttime), no seasonal > During the study lots of experts interviews were
changes . . . .
b erformance Ratio 708% (includes battery cycle confiucted (in particular concerning experience data,
efficiency) business models etc.)
Max DoD 70% > This document is to be understood as presentation for
Life times PV 20 a, Battery 5 a the study * e
. y “PV-based mini-grids: A survey of market
gense;ve/fgc:ncy Zeszorf?.zsstl/kwm, 30 % or 0.333 I/kWh,, potential and business models*
pex attery .5 % of Invest p.a.
Opex Diesel 2,{({))1 €/kWh,, (includes genset write- 0.02 €/kWh,,
Nationa desel prices 2009 data [ 2 [
1. Introduction | 2. Potential Analysis | 3. Business Models | 4. Summar ] 1.Introduction | 2. Potential Analysis | 3. Business Models | 4. Summary ]
Photovoltaics O Island Grids/ Mini-grids TR e

Advantages of PV for decentralised sites

> cost-effective Why PV as basis for

> modular expandable decentralised energy supply?
> wear-free technology

> solar energy everywhere available
> easy installation Possible systems:

solar home systems
> are suitable for very small energy needs
> are linked with small capital costs

mini-grids
> are flexible expandable

> higher power enables supply of commercial
usage, hospitals, villages etc.

picture: Sunlabob Renewable Energy Ltd.

PV-based Mini-Grids for Electrification in Developing Countries
Christian Breyer » christian.breyer@rl-institut. de

> AC-coupling enables a
flexible expansion with
further producers and
consumer loads

> Three-phase loads for
commercial usage can be
integrated as well

Bild: SMA Solar Technology AG

» Systems are expandable and can be easily adapted to a growing demand
» PV-based mini-grids enable reliable basic services and local creation of value

PV-based Mini-Grids for Electrification in Developing Countries
Christian Breyer b christian breyer@r-insfitut de
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PV-basierte Inselnetze als Schliissel zur Elektrifizierung

1.Global potential analyses for hybrid PV mini-grids
with regard to
> geographic conditions Where is
> political conditions PV-based electrification
> economic conditions with which business
models sustainable viable?

2. Focal experiences and business models
> based on experts interviews and literature evaluation
> key elements for success of sustainable projects

> promising existing business models

» The study is to demonstrate challenges and chances of PV-based mini-grids for
energy supply in so far notelectrified regions

PV-based Mini-Grids for Electrfication in Developing Countries
Christian Breyer b christian.breyer@rlinstitut.de
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Comparative Country Ranking
Comparative evaluation of target countries based on statistic data with regard to
market potential plus political and financial environment

used criteria and and weighting factors:

A: market potential
30% | - electrification rate [world Bank, IEA, UNDP]
50 % - rural population without access to electricity [calculated]
20 % + pump price for diesel fuel (World Bank]
B: political and financial environment
15%  « political stability [world Bank]
20%  « corruption perceptions index [Transparency Int]
15 %  « inflation [World Bank]

50% -+ ease of doing business index [World Bank]

PV-based Mini-Grids for Electrification in Developing Countries
Christian Breyer D> christian.breyer@rhinstitut de
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Results of the Country Ranking
[ exclusion criteria: political instability, travel warning from Ministry of Foreign Affairs, diesel price (< 0.25 USD/I)

[T not considered: electrification rate > 95% and < 200,000 people in rural areas without electricity
| target countries: rank 1 to 89

[ o data . =

woduction | 2. Polential Analysis | 3. Business Models | 4. Summa:

Political and Economic Premises

REINER LEMOINE

Top 20 of 89 requirements requirements
1 Rwanda > has to agree to permit tariffs for mini-grids which are > investor has to take risks
o Th— mostly higher than in the remaining country > financier has to be willing, to provide enough
4 Botswana > has to create legal framework capital (for investor)
5 Namibis
& Ghana
7 Kemya N .
=: L ey frequent problems/experiences frequent problems/experiences
u } L . > legal framework lacks > high investment costs at the beginning
§12 Pagua New Gunaa > complex licensing procedures > foreign exchange risk

:i Sohomen > scepticism about renewable energies > lack of credit availability
15 Bahamas 5432 % > high import duties > high transaction costs
16 Colombis > monopoly on energy supply > insufficient trust in project development
17 Malsw e : " " 9y .
w emnaras P G00d political and financial environment combined with high > financial sector is underdeveloped > lacking security during project period
18 Mongola . . . . . e i
20 Wepst electrification needs are to be found especially in South and East Africa. > local expectalions on Invesiment costs and retum

PV-based Mini-Grids for Electrification in Developing Countries PV-based Mini-Grids for Electrification in Developing Countries
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Project Development NET Operational Level uET
hi > must be accepted payment of tariffs|
cashier > has to eamn money
energy
operator —_—— — — customer
©.g. community, cooperative, ~—— households, workshops
. company tariff
requirements operation
> has to ensure tariff must be cost > has to understand the system
> has to obtain permissions > has to meet cultural needs maintenance and quality covering and affordable > must be willing to pay
i i i > h lan for long-t i > has to be addressable and
> has to find investor and financier as to ?an for long- terrr| Opefa(lcf" ' able to react quickly
> currently has often firstly to create requirements > has to integrate and train local participants > has to make provisions
> has to create a sustainable tariff structure and profit

> has to ensure that responsibilities are clear defined

frequent problems/experiences

> knowledge lack of local conditions
> projects not adapted to local conditions
> scarce ication with ity and i

PO P -based Mini-Grids forElecrfication n Developing Counties
Christian Breyer » christian.breyer@rl-institut. de

of local players

> must have technical
.. expertise
technician > has to earn money

instatiation, service, maintenance

frequent problems/ experiences

> maintenance and responsibility for operation is neglected
> continuous adaption with demand not considered

> paor payment practices of consumers

PV-based Mini-Grids for Electrification in Developing Countries
Christian Breyer b christian breyer@r-insfitut de
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Best Practice: KAITO Concept of Phases LU

> phase 1: charging station (franchise)
> renting of battery-operated lamps and gy
> charging cellphones, torches, etc.

> lamps, spare parts, installation material
phase 2: additional PV systems
> for public institutions and workshops on lease

v

> maintenance by Kaito staff

if demand for energy increase:
phase

v

interconnection to an AC grid

> additional energy production with plant oil, biogas or wind power
minimum purchase needed for connection

> cross-inking of all installed generators

v

phase 4: interconnection of village grids to regional energy
clusters
> option for the future

Concap o  phases 5 KATTD Enaro AG, Wanchen]

Single phases build upon each other and will be realized depending on the

T
v

energy demand and commitment of population

PV-based Min-Grids for Electrfication in Developing Countries
Christian Breyer b christian.breyer@rlinstitut.de




The Swarm Electrification Concept

Side Event

Enabling ener pply for low-income markets through mini-grid solutions
at the MES Conference 2013
by Daniel Philipp

An Impulse for a Discussion

from the Mini-Grid Research Team of MES — TU-Berlin

MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

MES’s Perspective

The focus is micro empowerment from the bottom-up

* Individual households and businesses are the basis for the
development

« Technology is based on the identified end-user needs

« Implementation with End-User Financing (Microfinancing)

2 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berin, 27.02.2013

Microfinanced SHS (Microenergy Supply Units) @

* Rapid deployment

* Decentralized generation and storage (Prosumer)

* Located at the customer’s side
_,

- » Serves basic needs (=small loads)

* Microfinancing is possible

a) lsolated SHSs

Number of installed systems: IDCOL (Bangladesh)

MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

Challenges Faced

]
PSS
[ OTPS
—

4 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

The Process of Grid Connection in 3 Phases

a) Isolated SHSs b) Autonomous microgrid ¢) Grid-connected microgrid

MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

The Seed of Swarm Electrification

ME Supply System (MESUS)
- a decentralized energy supply system

Components of the MESUS : (]

1. Decentralized energy source

2. Grid electricity (optional)

‘\‘

E SupplySystem,
aasananessasmmaniata iy

3. ME Usage Controller

4. Storage unit

5. Inverters (optional)

MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013
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Hidden resources

/ AN
( )
\ ]
\ /
AN v

Generation

- Duimped generation

* Unused capacity

» Seidom used
generators (low load
factor)

( Il J,

MES Mini-Grid Research Team

Research Group Microenergy Systems, TU Berlin, 27.02.2013

Excess generation

MES Simulation for Tamil-Nadu (India) with supply 80%
from PV and 20% from grid

Baitery
Losses

4,7%

Felix Boldt, MESUS-Concept- An Innovative Solution for the Electrification of Regions
with Poor Energy (Berlin: jie-Systeme, 2012).

5 MESMin-Grid Research Team Research Group Microenergy Systems, TU Berin, 27.02.2013

5 MES Mini-Grid Research Team

Connecting Microenergy Supply Units

Simulation for interconnecting 8 SHSs at 24 V
3 less panels needed

Kurtis Unger, “O i Grown Mi ids: The D and Sit

of a Solar Home System-

based Microgrid” (Master Thesis, Universtity of Waterloo, 2012),

uwaterloo.

10012/6727/1/Unger_Kurtis.pdf.

Research Group Microenergy Systems, TU Berlin, 27.02.2013

Phase 2: Autonomous Microgrid

* Balancing of systems
. A A " /

* Swarm of generation units

=
" * Further connections
./'—
* Bigger loads
P * Enhances productive use
» Community based financing

SHS b) Autenomous microgrid

Prosumer units: Producer + Consumer

o MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

Phase 3: Grid Connection

-
S i
| - [+ 1]
= P .
= L
a) Isolated SHSs b) Autonomous microgrid

" MES Mini-Grid Research Team

=
T

¢) Grid-connected microgrid

Research Group Microenergy Systems, TU Berlin, 27.02.2013

Insights from the DC world

* Solar Mini Grid Design on 240 V DC design in Bangladesh
avoids inverter investment and losses

&
s'e's's

P I

M.R. Khan, “A Stand Alone DC Microgrid for Electricity Supply in Rural Bangladesh,” in Developments in
Renewable Energy Technology (ICDRET), 2012 2nd International Conference on The, 2012, 1 -4.

12 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013




Some of the main Research Needs Thank you for your attention!

* How closely can productive use and minigrid operation

enhance one another

(alternative methods of storage, baseload concepts, demand
response, medium size generation, heterogeneity in income
generation...).

* Could a swarm generation microgrid run without a central
control with micro source controllers only and what
technology is then needed?

* Should we have different voltage levels within the
microgrid and possibly some of them DC?

13 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013

Advantages of different Aspects

* Bottom up

* Rapid deployment
* Microfinacing

* Flexible development

* Enhanced productive use

* Three phase bottom-up process (all optional)
* Multiple financing options

* Research needed

a} lsolated SHSs b) Autonomous microgrid ) Grid-connected microgrid

15 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013 16 MES Mini-Grid Research Team Research Group Microenergy Systems, TU Berlin, 27.02.2013




L http://rael.berkeley.edu

Case Study in Clean Energy Mini-grid

Daniel Kammen

Class of 1935 Distinguished Professor of Energy
Energy and Resources Group | Goldman School of Public Policy
Director, Renewable and Appropriate Energy Laboratory
University of California, Berkeley

Micro Perspectives for Decentralized Energy Supply
Feb. 27 to Mar. 1, 2013, Berlin, Germany

sustainable, low-carbon energy systems

» Large-scale low-carbon energy systems:
rael.berkeley.edu/switch

+ Carbon and resource footprinting
coolclimate.berkeley.edu

* Mini-grids and off-grid energy services
Malaysia, Nicaragua, Kenya/South Sudan
rael.berkeley.edu/sustainableislands

Research, Development, and Innovation

Research is inspired by:
Consideration of use?

No Yes
Pure Basic
Yes Research
Boh
Quest for (Bohr)
Fundamental
Understanding?
Pure Applied

N Research
o (Edison)

Adapted from Pasteur’s Quadrant: Basic Science and Technological Innovation, Donald E. Stokes 1997
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Research, Development, and Innovation

Research is inspired by:
Consideration of use?

No Yes
Pure Basic Use-inspired
Yes R?sszﬁ:;:h Basic Research
Quest for (Pasteur)
Fundamental
Understanding?
Pure Applied
N Research
o (Edison)

Adapted from Pasteur’s Quadrant: Basic Science and Technoiogical innovation, Donald E. Stokes 1997
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The Brando - Energy Load Profile i
Net Zero Energy Modeling Results

100% 7r
30
Process Loads ~ 26% -
(Refrigeration, Cooking,
Dishwashing, Exterior 80% - 25
Lighting, Cart Charging, ﬁ Process Loads 20 i
Water Treatment, Waste -Energy reduction of
Water Treatment) 60% | 15 80% of total loads
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Cold Water 1.4 MWF 1.0 MWF SWAC Pipe diameter 450 mm
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Coconut Ol 100% of coconut oil;
3,455,000 KWh per year Generators 600 T of coconut oil per
et .. year
i —— Electricity 500 KWC installed; 2950
Installed;
j v Zinc-Bromine Flow-Batteries 2,100,000 KWh 1,355,000 KWh panels of 170WC
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o . service lifetime nergy ZBB Flow
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highly-recyclable materials
3 water networks:
« BIOEUEL » Energy. 1.Drinkable water network — lens &
Coconut - Coprah oil desalination (osmosis)
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- n 5 " rain water
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PACIFIC SWAC: CENTRALISED SEA WATER AIR CONDITIONING

Titanium cold
Exchanger

Shallow warm water
uent
Chilled water closed loop

— distribution

e Cold water : 5/6°C
[— Temperate water : 12/13°C

— — — - ———

g Sy ) )

Sea Water Chilled fresh
Primary water
Deep cold water closed loop Secondary camncnimns
intake

Sea Water Air Conditioning (SWAC)

PACIFIC

BEACHUOMBER

CETO Technology
Wave Energy and Freshwater Production
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Conservation Pla%{@ CONSERVATION TETIAROA

RFCHFRCHF « FDUCATION » CONSFRVATION
* GIS mapping of Tetiaroa’s geography, marine and terrestrial
biodiversity, habitats and cultural sites

* Vegetation mapping and native plant repopulation [reintroduction
of native plant species including the once extinct (Ofai-Rama)
plant|.

* Develop conservation, restoration, and management measures to
preserve the atoll’s ecological health and cultural heritage.

* Turtle nursery
« Sustainable fisheries project
* Bee sanctuary

« Archeological survey and restoration program
+ Island energy research center / U of California, Berkeley
* Develop educational programs and a “toolkit” to raise awareness
locally and internationally. Introduce visitors to activities on Tetiaroa
and create a hands-on environmental learning program through which
participants will be able to experience the magic of Tetiaroa.

Carbon and Resource Calculator

» Based on the Cool Climate Carbon
Footprint Calculator developed at RAEL,

UC Berkeley http://coolclimate.berkeley.edu/
»Expenditure Data from the 2005 USVI é g 2 g ] &
and 2008 US Consumer Expenditure &= == T —

Survey and Consumer Price Index Data w

»Emissions Factors l“ ?

«Utilities: Electricity, Water, Gas, and ” -

Waste based on local Utility data $ i

*Food/Goods and Services . : e

*Transportation: based on EIO-LCA data M

for vehicle manufacture, local data on

taxi, ferry, aircraft and private vehicle use
D. Kammen, R.Shirley | Renewable and Appropriate Energy Labpratqry Il University of California Berkeley
and Standard vehicle Eharacteristics

The Ecological Footprint:

coolclimate.berkeley.edu

FOREST land

GRAZING land

URBAN land

CARBON footprint

FISHING land
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ENVIROMMENTAL WESEANCH LETTERS

» Six years old, ISI > 3.6
» Open Access

» No page fees for
developing nations

* 90 days submission to
print for successful articles

» Video abstracts / multiple
languages

» Journal / web practitioner
dialog

envirnmentalresearchweb.org






