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Thank You Note

Ladies and Gentlemen,

We welcome you to the

4th International Conference on Solar Technologies &
Hybrid Mini Grids to improve energy access

First of all, we would like to thank you all for following our invitation, and
thereby contributing to the success of the conference.

A lot of your quality work has already gone into the preparations for this
International Conference, as clearly reflected in the huge response, for
which we are much obliged.

Our warmest thanks to the conference chair Werner Weiss and Xavier
Vallvé and the members of the scientific committee:

Georg Bopp, Prof. Boaventura Cuamba, Dr. Miguel Fernandez, Dr.
Saurabh Biswas, Prof. Clark A. Miller, Dr. Carsten Hellpap, Dr. Andreu
Moia, Prof. Jatin Nathwani, Helvi lleka, Kilian Reiche, Prof. Ricardo
Ruther, Prof. Celestino Ruivo, Dr. Maria Ten Palomares, Prof. Daniel
Zimmerle and Dr. Peter Lilienthal for the great effort they have invested
in the planning and realisation of the conference programme.

Thank you to all partner organizations, namely:
WISE, MECS, Austrian Development Agency and UNIDO-GN SEC.

We would like to thank our sponsors very much, namely:
CEGASA, STUDER and ARCA.
Thank you also to all supporting organizations, hamely:

ALER, Alliance for Rural Electrification, Energypedia, GOGLA, AMDA,
ISES, Solar Heat Europe, Solarthermalworld, UNEF, Power for All,
Secartys, REPIC, IEA-SHC, AEE-INTEC, Soltrain, ESMAP, and SUN-
CONNECT.

A big thank to all speakers and poster presenters for their contributions and
particularly for the punctual delivery of their correctly formatted abstracts.

Your UIB Congress, Dr. Andreu Moia,
Ingo Vosseler (Conference Manager) and all colleagues
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Conference Chair Message

Dear Colleagues,

On behalf of the Partner Organizations, we are pleased that you take
part in the 4" edition of the International Conference on Solar
Technologies and Hybrid Mini-Grids to improve energy access, at
the Universitat de les llles Balears in Palma de Mallorca, Spain on April
26-28, 2023.

The 3" edition was successfully held in a complex COVID-environment
in 2021 in a hybrid format with many participants attending physically. It
was a real pleasure to meet again, and participants encouraged us to
carry on this conference series in a face-to-face format.

This 4t edition is face-to face and, as in previous editions, the main
objective is to provide an opportunity for an exchange between
practitioners from the industry, academia, and development institutions
working in the field of decentralized energy access and local
development. The conference will cover hands-on technical, social, and
environmental considerations, and business and management aspects
with the aim of sharing experiences, learning from each other, and
networking.

Solar technologies and other decentralized renewable energy
technologies offer a unique opportunity to provide access to modern
energy services to more than 1 billion people lacking access to energy
in rural areas worldwide. Access to modern energy is an enabler and a
necessity condition to improve the livelihood of households, to increase
productivity of micro and small enterprises, to improve services of public
institutions, and to provide crisis response to displaced communities.

13



However, access to energy should be imbedded in cross-sectoral
activities to achieve maximum impact. Thus, energizing health centres
and schools will lead to better medical services and education if energy
efficient appliances are included and proper management schemes in
place. Local enterprises can invest in electrical equipment if they have
access to finance and markets. Mini-grids can transform communities
if the potential of energy is enhanced. It is the intention of the
conference to discuss the nexuses of energy access with other sectors
more in depth providing a forum to exchange hands-on experiences
and innovative approaches, with a focus on the end users and how to
catalyse uses of energy to impact the sustainable development goals.

The conference will provide an overview on the status in different
technology areas and provide a space for exchange between
participants, presenting their results from scientific research and
experiences from the field.

We as chairpersons are pleased to welcome you to the conference and
encourage you to actively contribute to a successful event.

Werner Weiss, AEE-Intec, Austria
Xavier Vallvé, TTA-Trama TecnoAmbiental, Spain
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/| hbC9w9b/ 9 {L59 9%+£9b¢ da! ¢
Innovation Labc Energy Access in A Crucible

April 26: 09:006 12:30 hrs

‘ AEAH Open to all registered participants
" Hosted byAffordable Energy for Humanity (AE4H)
Prof. Jatin Nathwani, WISE, Canada

¢KS 321t 2F K So Kiekoff i€ SElcdeds 2ofifergntedndh ah &
engagingsetof iIRSLIG K RA&aOdzadaArzya 2y WgKI
of energy accessThis contrasts withthe primary mode of traditional
O2yFSNByOSax 4KAOK | ala WgKdtdprodigedz
open space for new collaborations and project ideas to emerge, which can thel
be discussed informally throughout the rest of the conference and pursuec
thereafter.
¢KS WSySNHe I 00Saa Ayy20FiAa2y f106Q
topics that participants identify ahead of time, as well as open group discussior
in plenary. This format has been utilized by AE4H to run similar innovation lab:
in the past.

WEDNESDAY APRIL 26

13:00 REGISTRATION OPEN

Opening Address

Werner Weiss AEEINTEG Institute for Sustainable Technologies, Austria
Xavier Vallve,TTA¢ Trama TecnoAmbiental, Spain

14:00 | Andreu Moia,Universitat de les llles Balears, Spain

14:30 | Josep Malagrava RigGeneral Director of Energy ailimate Change from
the Balearic Islands Governmefpain

Jaume Carodyice Chancellor (Rector) of the Univeysif the Balearic
Islands Spain

16



SESSION 1: PROGRESS AND CHALLENGES IN ACHIEVING Sl

Chairs:Daniel ZimmerleColorado Staté&niversity, USA
Xavier Vallvé Trama TecnoAmbiental, Spain

Presentation on Minigrid markets
Representative of the World Bank Group

Strengthening the utilization of mirgrids for eCooking, global insights
from the Modern EnergyCooking Services programme.
RichardSieff, MECS, UK

State of solar thermal development and use worldwide
Werner Weiss. AEE INTEC, Austria

Discussion
14530 The Role oRenewable Energy Of6rid Systems in Global Electrification
16:30 | scenarios and for Climate
Clara NeyrandReiner Lemoine Institut, Germany
Monitoring Results, Energy Savings and Environmental Impacts of Insta
Solar Thermal Systems in the Southern AfricBegion
Rudolf Moschik. AEE INTEC, Austria
A Historical Perspective on the Role of Migiids in Energy Access
Peter Lilienthal. UL Solutions Global Microgrid Lead and Creator of HON
Software, USA
Discussion
20
16:30
17:00 Coffee Break e)

INDUSTRY SESSIQCIOMPANY PRESENTATIONS

Session organizetngo Vosselers@ccess Conference Manager, Spain
17:00 1 CEGASA, Spain

17:15 1 STUDER INNOTEC, Switzerland
f ARCA, Spain

17



SESSION 2: POSTER SESSION
17:15-18:30 Chairs: Helvi llek&EIl, Namibia
Jatin Nathwani WISE, Canada

BLOCK A

African and European roadmaps towards hydrogen transition: how to mutually
support and benefit
Stefano Barberis. University of Genova, Italy

Captive solar energy for the agfood sector
Daniel Neyer. TWIGA Sun Fruits / Neyer Brainworks, Austria

Pumped hydro storage in standlone PV systems
Rodolfo Dufo Lopez. Universidad de Zaragoza, Spain

Techneeconomic comparative analysis of different storage technologies forgfid
PV based microgrid in Africa
Francesco Roncallo, EnGreen Solutions, Italy

Access to Energy for-€ooking in Public Institutions of Displacement Settings
through a Solar Mii-Grid: Alianza Shire’s Dolo Ado project approach review
Sonia Ramos Galdo, Universidad Politécnica de Madrid,)Spain

Evaluation of a hybrid application of PV and wind system using thermoelectric
based cooling to fulfilling rural agriculturatooling needs
Cétia Joaquina Siueidniversidade Eduardo Mondlane, Mozambique

Photovoltaic Pilot Project of Sto. Amaro Sto. Amaro, Ag@sande, S&o Tomé and
Principe

Gabriel Lima Maquengo Ministry of Infrasestructure and Natural Resources of S
Tomé aml Principe

BLOCKB

Increase of flexibility for Offgrids by using A€oupling
Isabel Ballesteros. SMA Solar Technology AG, Germany

ARCA, an IoT robust solar generator for isolated locations
Pablo Sanchez, IED Company, Spain

Reconversion of traditional water extraction windmills in Mallorca to produce
electrical energy
José Pascual Tortella. ENGINYERIA PASCUAL ESTEVA S.L., Spain

Mini Grids to Generate Income for Rural Areas (business case for a dairy)
Abrar Ali, Energy Conléant, Pakistan
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Comparative analysis of the LCOE evolution for PV plants in South America and
Europe: the Paraguay case
Massimo Rivarolo. Universita di Genova, Italy

Experimental Analysis of a Decentralized Solar PV System complementing an
existing MiniGrid in a growing Rural Settlement
Bertha Lwakatare, Technische Hochschule Ingolstadt, Germany

Optimization of an isolated smart grid by real time management of user's needs
and available resources.
Tovondahiniriko Fanjirindratovo, Univerngiof Toliara, Madagascar

The Implementation of Energy Management System in Various Microgrid
Applications
David Desfosse3ractebel Engie, Germany

Widd 8y LINBBARAY3I | O00Saa (G2 Ly | ¥F2N
service
Cristina Ruiz Martinez, Acciona.org Foundation, Spain

BLOCIKC

Experimental characterization of foldable solar cooker wittapeziumshaped
cookingchamber
Giovanni Di Nicola, Marche Polytechnic University, Italy

Innovative solar Cooker Design wittquatorial tracking
PéreAntoni BibiloniMulet, University of the Balearic Islands, Spain

Steering towards a circular economy with multiuse and second life batteries
Benjamin Seckinger. BOS Balance of Storage Systems AG, Germany

Methods to hostRandomly distributed Large Stochastic Active Loads in Weak Lg
Voltage Distribution Grid with Localized Voltage Control System
Daniel Boateng. Colorado State University, USA

BLOCK D

Claiming sustainable development outcomes in renewalklectricity
infrastructures: results from a systematic review
Luiz Eduardo Rielli. The University of Lisbon, Portugal

2 Keg OftSty 0221Ay3 RAR y2i 62N)] XeSaH
Nadia Mrabit, Energy Consultant, Spain

Climate protection and poverty reduction Proposals for household energy and
horticulture in developing countries
José Manuel Vilchez, IPCENA, Spain

19



BLOCK E

The Potential Role of Concessional Consumer Financing in Energy Access
Jakub VrbaEnergySaving Trust, UK

Soltrain: Building Markets and Capacity for Solar Thermal in Lesotho
Ivan Yaholnitsky. BBCDC, Lesotho

ResilientAppliancesg Delivering Rural Economic Growth & Emissions Reductions
Sumedha Awasty, CLASP, India

A Cluster of Solarhermal Technology in Mozambique
Geraldo Nhumaio.Universidade Eduardo Mondlane, MozambRgslient

18:30 Visit to Trade and Poster Exhibition |-_—|
20:00
Welcome Reception VI%
20:00 End of the First Conference Day

THURSDAY, APRIL 27

SESSION BESSONS LEARNED: FAILURE AND SUCCESS FACT
Chairs:Jatin Nathwani,WISE, Canada
Saurabh BiswaPNNL, USA

Risk assessment of an agrivoltaic community project for The Gambia
Jessica Berneiser. Fraunhofer Institute for Solar Erféygtems ISE,
Germany

Operational Challenges in Functioning of Photovoltdiased MiniGrid
9:00 | Power Plants in India and policy implications
10:15 | Dwipen Boruah, GSES India Pvt. Ltd., India

Perceptions of success in rural electrification projectsTianzania
Hannah Mottram, University of Sheffield, UK

Discussion
10:15 | Coffee Break and visit to Trade and Poster 593
11:00 | Exhibition: Poster8locks:A, B @

20



SESSION 44ARALLEL SESSIPOLICY, REGULATORY FRAMEWO

AND INSTITUTIONAL SUPPORT
Chairs:Miguel FernandezEnergy Consultant, Bolivia
James KnucklesVord Bank, USA

Of monopolies and mini grids: case studies from Kenya, Tanzania,
Nigeria and Senegal
Lucy Baker. University of Sussex, UK

Papua New Guinea Oférid Regulation for Small Power Systems
Roger Sallent, TTATrama TecnoAmbiental, Spain

An Industry Roadmap for Scaling Solar Mini grids in Asia & Africa
William Brent,Husk Power Systems, India

Harnessing the MiniGridsPotential for Sustainable Development:
Uncovering the UNIDO experience within the context of the Global
Network of Regional Sustainable Energy Centers {&8C)

Gentjan Sema, UNIDO, Austria

Discussion

11:00 | Impact of Awareness and Training on Sofeiermal Technology Uptake:

13:00 | Case Study Zimbabwe
Samson Mhlanga\National University of Science and Technology,
Zimbabwe
Improving knowledge and awareness on differentiated energy access i
Mozambique: handson training of government officials in the MTF
methodology
Carlos Guerrero Lucendo, VITO/Energyville, Belgium
Cooperating with Energy: Spanish Agency for International Developme
/| 22LISNI A2y Qa8 NRtS Ay | 00Saa iz
Maite Martin-Crespo. AECID, Spain
Private Public Partnership for the electrification of the rural community ¢
Mahavelona in Madagascar
wk1202YFKSGAGNY ! yYRNAFYStAa2y s !
Discussion

.an | LUNCH and siS

13:00 . - STy

Visit to Trade and Poster Exhibition N1

21



SESSION 4BPARALLEL SESSION: INNOVATIVE STORAGE AND D

Chairs:Helvi lleka NEI, Namibia
Georg BoppFraunhofer ISE, Germany

11:00
13:00

Assessing the cost competitiveness of SodiNitkel batteries compared
to Leadacid and Lithiumion technology forstationary applications.
Michele Velenderic. Green Power Brains, Germany

Optimization of standalone PVbattery-diesel systems considering
accurate battery ageing models
Rodolfo Dufo Lépez. Universidad de Zaragoza, Spain

Assessing the use of secottife Liion batteries and solar photovoltaics in
isolated mini grids irthe Brazilian Amazon
Prof. Ricardo Ruther, Universidade Federal de Santa Catarina, Brazil

Safety of Batteries
Hugo Horno. CEGASA ENERGIA, Spain

Discussion

EnergyHubs for Informal Settlementg An interdisciplinary approach
Rebekka Besner, THTechnische Hochschule Ingolstadt, Germany

Design of hybrid winePV power plants with battery energy storage and
backup diesel generators for UNDPebanon
Luis Arribas. CIEMAT, Spain

Decentralized Independent MirGrid for maximum systenperformance.
Case study of Don Bosco Mi@irid
Christof Baum. Don Bosco Technical Institute, Ghana

Inovasi Modular Smart Swarm Minigrid
Andre Susanto. PT Inovasi Dinamika Pratama, Indonesia

Discussion

13:00

LUNCH and ° l.l °
Visit to Trade and Poster Exhibition \SoS)
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SESSION 4®ARALLEL SESSION: CAPACITY BUILDING AND INCL

Chairs: Andreu Moi&Pol,UIB, Spain
Boaventura CuambaMU, Mozambique

11:00
13:00

Knowledge sharing to accelerate the energy transitiqghessons from
Nigeria

Maria Yetano Roche. Wuppertal Institute for Climate, Environment
and Energy, Germany

The Opportunities and Challenges for Women in the emerging Solar
Thermal Market in Botswana

Karen Gibson. So Solar (Pty) Ltd and Solar Industries Association Botg
Botswana

Solar Training in the Scope of PERER, Madagascar
Léonie Ranarison, GIZ Perer, Madagascar

ONEPIanETOpeN sourcenExus modelling tools for Planning sustainable
Energy Transition in Africa
Stefano Barberis, University of Genova, Italy

Discussion

Global online knowledge management on energy access via Energype
Robert Heine, Energypedia, Germany

New Model for Delivery of Online Solar Training
Geoff Stapleton, GSESlobal Sustainable Energy Solutions Pty Ltd.,
Australia

Opensource for Energy Access: a new phase for the sector
Vivien Barnier. EnAcces Foundation, Netherlands

Electricitysupply and satisfaction of energy service needs among rural
and periturban households and small firms in Nigeria
Philipp BlechingemReiner Lemoine Institut, Germany

Discussion

13:00

LUNCH and o2
Visit to Trade and Poster Exhibition -1
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SESSION PRACTITIONERS ROUND TABLES (different rooms)
Session organizeDaniel ZimmerleColorado State University, USA
Saurabh Biswa?NNL, USA

14:00¢ 14:50

The future of Solar thermal in competition with PV

Moderator: Werner Weiss, AEENTEC, Austria

Rapporteur: Boaventura Cuamba, Eduardo Mondlane University,
Mocambique

Topic: Strength and Weaknesses of Different Storage Technologies
2. Moderator: Georg Bopp, Fraunhofer ISE (Germany)
Rapporteur:Ricardo Rither, Universidade Federal de Santa Catarina, B

Topic: Solar Energy to Enhance Community Development and Liveliho
3. Moderator: Kilian ReichgiiDevelopment, Germany
Rapporteur:Frank Bergh, NRECA, USA

Topic: Revenue, tariffs, and ability to pay in off grid energy services anc
Mini-Grids

Moderator: Cristina Ruiz Martinez, Acciona Org, Spain
Rapporteur William Brent, Husk Power, India

Topic: Is Solar Cooking reaching the market ?
5. Moderator: Celestino Ruivo, University of Algarve, Portugal
Rapporteur:Nadia Mrabit, Energy Consultant, Spain

6. Optional requested by participants during registration on the 26th April

SESSION 6: LESSONS LEARNED: BUSINESS MODELS
Chairs:Simon BachelorMECS, UK

Rural Electric Cooperatives: The-96ar Movement to Power Global
Communities
Frank Bergh, NRECA International, USA

1500 | Inovasi Rural Economic Development Delivery Model
16:00 | Andre Susanto. PT Inovasi Dinamika Pratama, Indonesia

Lessons learned: Solar Powered Cold Rooms in the Field
Florian Martini, Phaesun GmbH, Germany

24



Strengthening commercial viability througbreater inclusion in rural
mini grids: Insights from Nigeria

Temilade Sesan, International Centre for Energy, Environment and
Development. Nigeria

Discussion
16:00 | Coffee Breakand visit to Trade and %
16:45 | Poster Exhibition: PosterBlocks:C, D, E. < _)

SESSION 7A: PARALLEL SESSION: TECHNOLOGY INNOVATI
Chairs: Helvi lleka,NEI, Namibia
Celestino RuivoUA, Portugal

Correction of the ASAE S580.1 procedure for deriving the standardis
power of solar cookerdRuivo CelestindJniversity of Algarve, Portugal

Hydrogen with photovoltaic energy for Solar Cooking
Andreu Moia Pol. UIB, Spain

Airborne Wind Energy making wind resources accessible in remote
areas and islands
Kristian Petrick. Airborne Wind Europe, Belgium

Thermal Performance Assessment of a Hybrid Space and water Heg
System

16:45 Lavhelesani Maluleke. Stellenbosch University, South Africa

18:45 | piscussion

Modular Walkin Storage Rooms with thermal ice storage powered by
solar
Victor Torres Toledo. Solar Cooling Engineering GmbH, Germany

Scaling up minrgrids business case in Africa:
Can remote monitoring help?
Marco Pittalis, European Commission, JRC, Italy

Battolysersg part of the solution?
Dani Strickland, Loughborough University, UK

Discussion

25



End of theConference Day :
18:45 | Buses to the dinner restaurant are leaving in front of the[@
university

Conference Dinner with Poster Award
Ceremony Award Committee:

1@ Kilian ReicheijiDev, Gemany

Helvi lleka NEI, Namibia

Jatin NathwaniWISE, Canada

20:00

SESSION 7B: PARALLEL SESSION: DESIGN AND OPTIMIZAT
Chairs: Ricardo RitheFUSC, Brazil
Peter Lilienthal UL Solutions Global Microgrid Lead and
Creator of HOMER Software, USA

Evaluation of Standalone Microgrid Design Software ToB&sed on
the Defined Criteria
Gautam RiturajTask 18 IEAPVPS

Autarky: Optimal sizing and dispatch of migrids considering
uncertainties.
Tatiana Gonzélez. Europa University Flensburg, Germany

CLOVER: Modelling Technologies to Support EnargyClearWater
Access
Benedict Winchester, Imperial College London, UK

Repowering the hybrid power system of Balt@Santa Cruz
Andrea Eras\lmeida, Energy from Women, Spain

16:45 Discussion
18:45

Planning considerations for electrical connection péwer-based
energy storage into existing mirgrids
Antonio Notholt. Reutlingen University, Germany

A Techneeconomic Feasibility study of Electrifying Rural Communitie
in SubSaharan Africa harnessing Renewable Enéogged Minigrids:

A case of Uutsathima village, Namibia

Joseph Shigwedha. Energy ReseareiNamibia Energy Institute,
Namibia

Evaluating the cost competitiveness between Migrids and
Standalone Systems: The influence of load profile aggregation on
electrification model analysis outcomes

Churchill Agutu. ETH Zurich, Switzerland
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Energy Supply for Health Facilities in Ghanaofetastbased battery
control of a PVvbattery-dieselsystem.

Stefanie Meilinger. University of Applied Sciences BRhainrSieg,
Germany

Discussion

End of the Conference Day

18:45 Buses to the dinner restaurant are leaving in front of the -
University T
20:00 Conference Dinner witlBest PosteAward
' Ceremony Award Committee:
fig@! Kilian ReicheiiDev, Gemany

Helvi lleka NEI, Namibia
Jatin NathwaniWISE, Canada

SESSION 7C: PARALLEL SESSION: MARKET OUTLOOK AND PL

Chair:Werner WeissAEEINTECAustria
James KnucklesVorld Bank, USA

16:45
18:45

SURINAME Support to the assessment of three mini grids to improve
access to water and energy needs in South Suriname
Shamir BakridEBS, Suriname

Challenges andpportunities of utility-run isolated grids to expand
electrification: Papua New Guinea.
Manu Rawali. University of Papua New Guinea, Papua New Guinea

Mini-grids for integrated electrification of unserved villages in Belize
José Luis Larrégola. Lait UHiZ&!T.A., Belize

Assessment of Electricity Access for Host Communities and Forcibly
Displaced People in Sahel and Lake Chad Basin regions
Ana Sancho. Trama TecnoAmbiental, Spain

Discussion

Coupling Water Energy Food Nexus amdilti-year microgrid planning
Davide Fioriti. DESTEC, University of Pisa, Italy

SOLTRAIN+ and IEA SHC TaskMN&w International Initiatives to
Promote Solar Energy in SADC Countries and Globally
Monika SporkDur. AEE, Institute for Sustainable Techraglies, Austria
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Universal Energy Access ElectrificatiBratform Hub for America
Andres Gonzalez Garcia, MLbmillaswE UEA Lab, Spain

Solar Cooling for the Sunbelt regiongirst results of IEA Task 65
Activity A1 Climatic conditions andpplications
Daniel Neyer, TWIGA Sun Fruits / Neyer Brainworks, Austria

Household innovation and agency in migrid energy use: a case study
of households in Kenya
Abigael Okoko, Nuvoni Centre for Innovation Research, Kenya

Discussion
1845 End ofthe Conference Day o o _
) Buses to the dinner restaurant are leaving in front of the Universityg
20:00 Conference Dinner witlBest PosteAward
Ceremony Award Committee:
{@! Kilian ReicheiiDev, Gemany

Helvi lleka NEI, Namibia
Jatin NathwaniWISE, Canada

FRIDAY, APRIL 3

SESSION 8: ENERGY FOR LOCAL DEVELOPMENT AND LIVELI
Chairs: Samson Mhlangalational University of Science and Technology

(NUST), Zimbabwe
Miguel FernandezEnergy Consultant, Bolivia

09:00
10:30

Energy Access thlarginalised Communities via-vis Solar and Hydel
Mini Grid Systems: Energising Sustainable Development in Pakistan
(Case Study of NorthWest Border Areas, KPK)

Muhammad Manzoor Elahi. Government College University Lahore,
Pakistan

Gender gap omproductive uses of energy in refugee camps and its
impacts in livelihood opportunities
Sonia Ramos. Universidad Politécnica de Madrid, Spain

Socioeconomic development and sustainable electricity access in
displacement settings in SuBaharan Africa.
Paoh Casati. University of Bari, Italy

Lessons from Deploying Solar Microgrids in Malawi
Aran Eales, University of Strathclyde, UK
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Discussion

Round Table’s Conclusions:
Daniel Zimmerle State University of Colorado, US TR

2
Coffee Breakand visit to Trade and Poster Exhibition v
Gt

SESSION 9A: PROJEGIHOWCASE
ChairsKilian ReicheiiDev, Germany
Daniel Zimmerle Colorado State University, USA

11:00
13:00

Large scale solar hot water heating systems for hospitals in Namibia
FenniM.T. Shidhika. NEI, Namibia University of Science and Technolg
Namibia

Integral Approach to the solar electrification of 73 health centres in
Niger
Rabo Oubandawatchi Maman Tassiou. ANPER, Niger

SURINAMEENgineering, Procurement an@onstruction of 10 P\Diesel
Hybrid mini grids in the Upper Suriname River
Richard Paal. EREnergie Bedrijven Suriname, Suriname

Discussion

Multiple R&D activities to improve Minigrids / Experiences from a large
rollout of 120 minigridsinSenegal
Stefan Trittler. Asantys Systems GmbH, Germany

Integrated Food, Energy and Water Systems for economic developme
¢ learnings from an Agrivoltaics project in Mali and The Gambia
Jessica Berneiser. Fraunhofer Institute for Solar Energy Systems ISE
Germany

Application of Solar Thermal Technologies to Compliment Grid Energ)
Requirements in Namibia

Helvi lleka, Namibia Energy Institelfamibia University of Science and
Technology, Namibia

Discussion
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CLOSING REMARKS

Xavier Vallvé TTA- Trama TecnoAmbiental ,Spain

ggg Werner WeissAEEINTEC Institute for Sustainable Technologies, Austt
END OF THE CONFERENCE
SESSION 9B: SOLAR COOKING EVENT
Chefs:Manuel Vilches IPCENA, Spain
Celestino Ruivo Celestino RuiMdA, Portugal
Richard SieffMECS, UK
Cooking with the experts
11:00 | Parabolic solar cookers
13:00 | Box oven solar cookers
Electric Pressure Cookers with-gfid P\VYgeneration
CLOSING REMARKS
_ Xavier Vallvé TTA- Trama TecnoAmbiental ,Spain
122(5) Werner WeissAEEINTEGC Institute for Sustainable Technologies, Austr

END OF THE CONFERENCE

1.8 s

€
Sponsored by the World Bank
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Scaling upMini Grid deployment by a factor of 10

April 28: 14:30 16:00 hrs
@ymnmammmun . . .
CQMAD Open to all registered participants
JLohviMT 1 23GSR 0@ ¢KS  22NIR
Management Assistance Program (ESMAP

¢tKS 22NIR .lyl1Qa 9ySNHe& {SOG2N
(ESMAP) has just published its most authoritative book on mini grids to
date, Mini Grids for Half a Billion People: Market OQutlook and Handbook
for _DecisiorMakers and will soon publish another report on
interconnected mini grids. These two books take stock of the mini grid
YIEN]SG dGd2RIe@ FyR LINRPGARS aKz2g ((2¢
energy access deficit countries. Approximately @Q,nini grids are
installed today, but achieving universal access to reliable, affordable
electricity by 2030 will require more than an additional 200,000 mini grids
serving more than half a billion people, through both stahehe and
interconnected mingrids. Achieving this 10x increase is possible only if
significant progress is made in technologies, business models, and enabling
environments.

In this session, participants will be broken into three groups, and will be
tasked with identifying gameharging technologies, strategies, or
innovations currently available or in use today that can help achieve
unprecedented acceleration in mini grid deployments in energy access
deficit countries.
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S @cceszonference- Parallel Events:

TUESDAY, APRIL 25

PARALLEL EVENT 1:
IEA PVPS task 18 meeting
(By invitation only)

09:00¢ 16:00 hrs.
Room¢ Sala de Graus B,
Jovellanos building, UIB

PARALLEL EVENT 2:
CARIBBEAN Minigrid workshop
(By invitation only)

09:00¢ 16:00 hrs.
Room¢ Sala de Graus A,
Jovellanos building, UIB

PARALLEL EVENT 3:

ONEPIanET workshapHorizon Europe
Project

(Open to all registered participants)

15:00¢ 18:00 hrs.
Roomc¢ Sala01b, Antoni Maria
Alcover | Sureda building, UIB

WEDNESDAY, APRIL 26

PARALLEL EVENT 4:
IEA SHC task 69 meeting
(By invitation only)

08:00¢ 13:00 hrs.
Roomc Sala de Graus B,
Jovellanos building, UIB
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Strengthening the utilization of mini-grids for
eCooking 1 global insights from the
Modern Energy Cooking Services (MECS) programme
Dr. Richard Sieff Gamos Ltd, 231 Kings Rd, Reading, RG1 4LS, UK

MECS Programme, Loughborough University, Brockington Building, LE11 3TU, UK
richard@gamos.org, https://mecs.org.uk/

Introduction

Low consumer demand is said to create low profitability for mini-grids. While
acknowledging this relationship is not true for all circumstances, one solution
to low demand is to introduce a productive use anchor load. Electric cooking
(eCooking) provides two opportunities to increase demand. One is through
higher domestic loads from a portion of households when they eCook and the
second is productive use loads from small businesses using eCooking to
produce food or to pre-process food for longer life for storage and transport.

A further advantage of small eCooking businesses is that they often operate
during the day where there may be a natural match in demand with solar PV
based generation of supply. With low demand, mini-grids often set their tariffs
high (relative to the national grid) to ensure an overall system wide income
level. Yet, a recent MECS paper! used field data in Tanzania to show that even
at $1 per kwWh there were some meals that were cheaper to cook on energy
efficient electric pressure cookers (EPCs) than by charcoal or LPG (Figure 1).
Going forward, there appears scope to enhance synergies between eCooking
and mini-grids. Mini-grid developers have discussed with MECS that if
communities consumed more energy overall, tariffs could be reduced while
yielding at least the same overall income for the developer.

Key lessons

Previous and ongoing research from the UK Aid funded MECS programme
has sought to strengthen the utilization of mini-grids for eCooking. Electric
pressure cookers (EPCs) have been i
for the inclusion of eCooking in a mini-grid, with rice and slow cookers a close
second. Critically, our research to date suggests mini-grids that plan to include
ecooking from the start hold better potential for the inclusion of ecooking as
part of a profitable business case (as opposed to when ecooking is retrofitted
to an existing mini-grid). A finding that aligns with the core central argument of

1 Inston, R. & Scott, N., 2022. Costs of cooking with different fuels: a case study
from mini-grids in Tanzania.
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the MECS programme of the need to integrate modern energy cooking
services into the planning for electricty access, quality, and sustainability and
by doing so leverage investment in renewable energies (both grid and off-grid)
to address the clean cooking challenge.

012

o o
& B o
o @ -

Median Cooking Energy Cost
{USD/person/event)
o
5
-

o
o
~

Beans Rice Sweet potatoes

7

o

® Charcoal ™ Electricity (mini-grid tar iff) Electricity (national tariff)

Figure 1. Median cost of cooking specific dishes using charcoal and electricity (at the two
rates). Number of records given at the bottom of the bar. Source: Inston & Scott (2022).

The recently commissioned MECS Cooking Support on Mini-Grids
Competition (COSMO) challenge fund is specifically designed to faciliate these
opportunities for mini-grid developers to integrate cooking loads. This major
initiative (worth up to £200,000 per awardee) supports mini-grid developers
(and their partners) to develop holistic business plans to enable electric
cooking appliances to be sustainably used in homes or businesses.
Presentation focus

This presentation will highlight the main opportunities and challenges for
integrating eCooking with mini-grids, drawing on the key global insights from
the MECS programme. The talk will also outline the scope and aims of the
COSMO challenge fund, which has funded projects in seven countries in
Africa, Asia and Latin America.

Figure2.El ectric pressure cookers (EPCs) ar ¢
inclusion of eCooking in a mini-grid.
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State of Solar Thermal Developments
and Worldwide Use

Werner Weiss
AEE T Institute for Sustainable Technologies
8200 Gleisdorf, Feldgasse 19, Austria
w.eiss@aee.at, www.aee-intec.at

Introduction

This paper shows the global development of solar thermal systems in the
last 20 years and gives an overview of the most essential applications of the
technology.

The development of the solar thermal market

The global solar thermal capacity of unglazed and glazed water collectors
in operation grew from 62 GW, (89 million m2) in 2000 to 522 GW, (746 million
m2) in 2021. The corresponding annual solar thermal energy yields amounted
to 51 TWh in 2000 and 425 TWh in 2021.

Global solar thermal capacity in operation and annual energy yields 2000-2021
600

Global solar thermal capacity in operation (GWth)

©-Global solar thermal energy yield [TWh]

Capacity [GW,],
Energy [TWh]

o
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Figurel: Global solar thermal capacity in operation and annual energy 2000-2021

In 2021 a total capacity of 21 GWy or 31 million square meters of collector area
was installed.

Applications

Small-scale solar water heating systems and, to a certain extent, solar
combi-systems for combined hot water preparation and space heating in
single-family houses, apartment buildings, multi-family houses, hotels and
public buildings represent about 6 0%
installations.

In large parts of Europe and China the predominant systems are pumped
systems. The picture is different for thermosiphon systems. In Asia (excluding
China), Latin America, Sub-Saharan Africa, and the Mediterranean region,
thermosiphon systems are by far the dominant system type.
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Large-scale solar heating systems for district heating

By the end of 2021, 299 large-scale solar district heating systems (>350
kWi, 500 m2) with an installed capacity of 1,645 MWy, (2.35 million m?2) were
in operation. Denmark leads this market segment in terms of both the number
of systems and the installed area. In addition to Denmark (125 systems) and
China (41 systems), a number of other countries are showing an increasing
interest in this type of plant, as they offer an excellent opportunity for
decarbonizing the heat sector in neighborhoods and cities.

Solar heat for industrial processes (SHIP)

Across the globe, interest in solar thermal systems for industrial processes
(SHIP) has grown steadily. A number of promising projects undertaken in the
last couple of years range from small-scale demonstration plants to large 100
MW systems.

Many industrial processes demand vast amounts of heat, making this sector
a promising market for solar thermal applications. Depending on the
temperature level of the needed heat, different types of solar thermal collectors
are used T air collectors, flat plate and evacuated tube collectors for
temperatures up to 100°C and concentrating solar thermal collectors, such as
Scheffler dishes, Fresnel collectors and parabolic troughs for temperatures up
to 400°C.

At least 975 systems with an overall installed collector area of 1.23 million
m?2were in operation by March 2022.

Photovoltaic-Thermal (PVT) collectors

Photovoltaic-Thermal (PVT) collectors combine the production of both
types of solar energy i solar heat and solar electricity i simultaneously in one
collector, thus reaching higher yields per area. The market for PVT collectors
and systems saw significant global growth in the last five years. The cumulated
number of PVT systems in operation at the end of 2021 was 34,000
representing a total collector area of 1.4 million m2 (751 MW, 254 MWpeak).

Environmental effects and contribution to climate goals

The global solar thermal energy yields of all installed solar thermal systems
in 2021 correspond to a savings of 45.7 million tons of oil and 147.5 million
tons of CO». This shows the significant contribution of solar thermal in reducing
global greenhouse gas emissions. 45.7 million tons of oil saved and 147.5
million tons of CO» avoided.
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The Role of Renewable Energy Off-Grid Systems in
Global Electrification Scenarios and for Climate Action

Philipp Blechinger?, Pierre-Francois Duc?, Sarah Berendes?,
Clara Jitte!, Michel Koehler?

#1 Reiner Lemoine Institut, Rudower Chaussee 12, 12489 Berlin, Germany
#2 the greenwerk., GrolRe Theaterstral3e 14 | 20354 Hamburg | Germany
Contact: Phone: +49 30 1208 434 40, e-mail: philipp.blechinger@rl-institut.de,
website: www.rl-institut.de

Introduction: In a global study, off-grid systems (mini-grids and solar-
home-systems) are assessed regarding their importance for electrification and
climate change mitigation and climate change adaptation. Particularly the
impact of off-grid technologies for providing electricity access in 52 target
countries with low electrification rates are quantified. Furthermore, market
potential, related green house gas emission mitigation and the respective
socio-economic benefits are analysed.

Main Results: Achieving universal electrification by 2030 (SDG7) implies
the provision of electricity access to more than 1.2 billion people cumulatively,
of which the majority characterizes as highly climate vulnerable. Based on the
findings of this study, in most cases, off-grid renewable energy (OG-RE)
technology has significant practical and economic merits over grid expansion.

In addition, OG-RE bears significant relevance for climate change
mitigation and adaptation, having the potential to reduce GHG emissions; to
build resilience towards adverse consequences of climate change on human
and environmental systems, and; to provide pathways for green growth and
development. In many regions of the world, SDG 7 can be reached cheaper,
cleaner and smarter with OG-RE compared to a grid extension scenario.

' BU uEA  pOG
® @|458M|435M| 78M
g BaU uEA proG 230M|294 M 405 M

Share of Pe.

I76M 532 M [780M

9TM| -

@ GRID MG SHS NO ELECTRICITY

Figure 1: Scenarios for electrification until 2030: Business as Usual (BaU), universal
Electricity Access (UEA), progressive Off-Grid (prOG)

Three electrification scenarios were developed for 52 target countries,
which cover the electrification of more than 1.2 bn people until 2030.

ACheaper: We find that initial investments of approximately 400 bn USD are
needed to achieve SDG7 in the UEA scenario with minimum energy supply
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levels for households. Moving the supply levels one Tier up to improve
livelihoods and productive use, 50% more investments are required. Strong
focus on off-grid (prOG scenario) electrification would cut investment needs
by 30% in the low demand and still by 5% in the high demand case. SHS are
identified as the most cost-competitive solution for household electrification
expecting low to medium demand levels (Tier 2 and 3).

Lower Tier Case Higher Tier Case Electrification Mix

600 BaU uEA proG

SHS | 276M | 532M | 780M

MG 230M | 294M | 405M

200 @ GRID | 458M | 435M | 78M
100
o — NG |297M

pOG

ELEC

Initial investmentsin billlion USD
H

Figure 2: Results for investment calculations to achieve SDG7 for low and high demand
cases

Acleaner: Our analysis of the GHG emissions related to new electrification
reveals a strong mitigation effect through off-grid renewables. This is due to
the effect that highest per capita emissions occur for people with no
electricity access (using kerosene lamps) or with grid connection. In contrast
to this, off-grid electrification has minor (mini-grids) or zero (SHS) related
emissions. Cumulated CO2 reductions for the electrification scenarios range
from 211 to 283 million tons (UEA) and from 488 to 872 million tons (prOG)
compared to BaU for the period 20171 2030.

Lower Tier Case Higher Tier Case Electrification Mix
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Figure 3: Results for GHG emission analy5|s for low and high demand cases

Asmarter: Comparing off-grid solutions with grid electrification reveals that
grid extension often fails to bring reliable energy access, as it provides high
capacities but only little energy in the case of weak grids. In contrast to this,
off-grid electrification is often the smarter solution, providing flexible and
reliable electricity for the fast implementation of various activities to improve
livelihoods in rural areas. In the context of climate action, off-grid renewables
provide not only GHG emission reductions, but also adaptation services and

sustainable development tailored to the local needs.
More details at www.reog-x.com
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Monitoring Results, Energy Savings and Environmental
Impacts of Installed Solar Thermal Systems
in the Southern African Region

Rudolf Moschik Monika Spérk-Dur
AEE-Institute for Sustainable Technologies (AEE INTEC)
Feldgasse 19, 8200, Gleisdorf, Austria
Phone: +43 3112 5886 / E-mail: office@aee.at
Website: www.aee-intec.at / E-mail: r.moschik@aee.or.at

Introduction

The SADC region is blessed with solar radiation between 1,8001 2,400
kWh/m2, Nevertheless only 0.3% of the worldwide solar thermal capacity is
installed in the Sub-Saharan African Countries. Therefor the main goal of the
Project Southern African Solar Thermal Training and Demonstration Initiative
ASOLTRAI NoO, funded by the Austrian
contribute to a changeover from a mainly fossil based energy supply to a
sustainable energy system based on renewable energy. Within the SOLTRAIN
project, companies, who took part in the several training courses, installed
more than 670 Solar thermal systems in the past 12 years.

Monitoring

ing Marlendahi Ther System One focus of the project was to
implement monitoring in order
to obtain a representative
variance of the different system
concepts and designs. The aim
was to get information on the
performance of the monitored
systems, to suggest
improvements and to evaluate
the performance of the
improved systems. project.
Graph 1: Measured energy balance over a period of 12 months.

10 Apr 2018 - 30 Apr 2019

Based on the recorded solar thermal yields, the avoided CO, emissions and
electricity savings were calculated. All this information has also been used in
training courses offered during the project and gave a lot of practical
information, key factors and knowledge about the performance of these
systems.
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Overall impact of SOLTRAIN funded demonstration systems

The annual solar yield of all 672 solar thermal systems were calculated with
5,987 MWh; this corresponds to calculated electricity savings of 6,586 MWh/a
and 2,072 tons of avoided CO2*).

The avoided electricity cost corresponds to ZAR 16.8 million based on city
of Cape Town tariffs 2019: 222.39 c/kWh plus VAT = 255.75 c/kwWh.
Table 1: Calculated annual solar yield and corresponding electricity savings as well as avoided CO,

emissions of all solar thermal systems by end of December 2022, which were funded by ADA and OFID
sources and installed in phases | - IV of the SOLTRAIN project.

Total Total Nb. of Solar Electricity Avoided Avoided CO;

Countr collector | capacity | systems yield savings Electricity | Electricity |reduction
Y area Cost Cost

[m?] [KWin] [-1 [MWh/a] [MWh/a] [ Mi | 1| [Mill. ZAR] [tcoz/a]
Mozambique 263 184 39 230 254 253 279 46 585 647 761 80
Namibia 1324 927 253 1203581 | 1323939 231 006 3385974 415
South Africa 4443 3110 155 3172243 | 3489 467 534 324 8924 313 1101
Zimbabwe 673 471 115 569 427 626 370 98 063 1601 941 196
Lesotho 335 235 50 305 203 335724 55218 858 613 106
Botswana 535 375 60 506 842 557 526 93 492 1425874 175

TOTAL 7573 5301 672 5987 6 586 1. 058 16.844 2072

It has to be mentioned here that SOLTRAIN was not intended to be a broad
roll-out program. The aim of the project was to support the installation of new
solar thermal applications, providing awareness, and also to give feedback to
installers on the quality and performance of different systems. Tus the program
has initiated additional activities which are resulting in various sustainable
outcomes within the SADEC region.

Conclusion

More than 50% of the worl dos en
Monitoring and measuring the operation of solar systems are proofing the
benefit of these systems. Solar thermal systems are simple, are able to
compete with other technologies and are able to play a significantly role, to
contribute, not just in the African region but also worldwide, to a CO2 reduction,
by providing renewable and sustainable energy.

") based on oil equivalent
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A Historical Perspective on the Role of
Mini-grids in Energy Access

Dr. Peter Lilienthal

2200 Knollwood Dr.
Boulder, Co. 80302, USA

Introduction

The role of mini-grids has evolved from a sole reliance in remote areas
on diesel generators, often only operating for a few hours a day. Initially,
hybrid renewable mini-grids were only deployed with grant funding as pilot
projects. A very few wind-diesel projects were economically sensible where
a good wind resource coincided with technical and financial capability. The
advent of inexpensive solar, durable storage, and reliable electronics has
radically changed the path to universal energy access in major ways. Mini-
grids are proving that they can provide more reliable service than legacy
utility systems. A review of the changing economics shows that they handily
beat grid extension in most cases, but that in many cases individual solar
systems - sometimes quite large - dedicated to specific applications are
preferable. This blurs the distinction between mini-grids and individual solar
systems.

The second major change is the advent of clean cooking using
photovoltaics. Cooking has always been the more substantial problem for
over a hillion people still cooking indoors over open flames. Since high
temperature thermal applications require substantially greater energy
inputs, they have previously been considered off-limits to PV systems.
They are still quite challenging, but innovative control technologies offer the
promise of truly clean cooking.

Identifying the least cost approach to energy access

In the past one of the advantages of a hybrid renewable mini-grid over
individual solar systems was the ability to include a backup generator. Even
if the generator was only used very infrequently, it could dramatically
reduce the size and cost of a battery bank. This created a substantial
advantage for mini-grids where loads could be aggregated enough to justify
a generator to back-up the solar and minimize the battery sizing. Without a
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backup generator solards role in
home systems and solar lanterns. With increased diesel fuel prices and
dramatically reduced costs for PV and batteries, it is now possible for larger
systems to be cost-effectively designed with load management obviating
the need for a backup generator. This presentation will present HOMER
modeling results that show the trade-off between load management and
the need for backup from either a generator or a battery bank.

The Potential for cooking with PV

This presentation will show several different approaches to clean
cooking with PV. The analysis is based on the use of a pressure cooker
that can consume ~250 .Résudtswilltbeshowohe
impact of what time of day the cooking is performed and will compare
appropriately sized individual systems with a mini-grid approach and
discuss the different control systems that could be employed for this
application within a min-grid.

Conclusion

Much has changed in the thirty years that | have been analyzing hybrid
renewable mini-grids. Although mini-grids have improved dramatically, so
have individual solar systems. This changes the decision-making
landscape and comparative advantages for different approaches for
energy access. Cooking and electrification with solar have historically been
treated as separate problems, but this is also changing.
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African and European roadmaps towards hydrogen
transition: how to mutually support and benefit

Stefano Barberis 1#, Aristide F. Massardo 1#, Massimo Rivarolo 1#
Corresponding author contact: +39 010 3352463 - stefano.barberis@unige.it
#1, Thermochemical Power Group - Universita di Genova, via Montallegro 1,

16145, Genova, Italy

Introduction

Due to its great RES potential (large open arid spaces along windy
coastlines) many regions in Africa offer a great potential for producing low-
cost, price competitive green H2! with a minimal impact on bio habitat and
biodiversity. Many African countries could leapfrog to the new age of hydrogen
technologies. Developing hydrogen economies in Africa will have indeed an
impact on import/export African economy: reducing the economic burden of
importing costly refined fossil fuels also making African energy intensive
industries (e.g. fertilizer, chemicals, mining) more attracting and generating
revenue streams from exporting green H2, while creating employment, skills
and wealth domestically as well as opportunity for African Countries to meet
their own decarbonisation goals. Thanks to a low RES energy cost, African
hydrogen will be competitive with Diesel and Petrol withing 2030 and materially
assist the World to decarbonise as African hydrogen will become a major
component in the global energy mix and enabler of EU hydrogen accelerator
recently mentioned in RePowerEU programme which is foreseeing 10 Mt/yr of
hydrogen import by EU.

To do so, ités important t hat Eu
dialogue and this is the mission of the HORIZON EUROPE (to be kicked off
on 18t February 2023) JUST GREEN AFRH2ICA project. . In order to form

the strongest possible international

potential and creating markets and green wealth in Africa, EU and AU
hydrogen stakeholders must indeed work together facilitating the collaboration
between governments, industry, technology and financial institutions and large
end consumers of hydrogen across continents. JUST GREEN AFRH2ICA
aims therefore to create awareness and to make compelling propositions at
360° (technological T financing i regulatory/policy) for the benefit of AU/EU of
developing green hydrogen economies. What is meant to happen will happen.

1 www.africapractice.com T picture on the left
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With cooperation amongst those who are focused on promoting green
hydrogen in EU/AU it will happen quicker.

The goal of this paper is to present and compare existing European and
African fAHydrogen roadmapso (el aborat
Hydrogen Partnership, as well as other relevant Hydrogen scenarios
developed in literature by previous R&D projects) and identify point of contacts
and of mutual benefits. This paper will contain indeed the key results of the
first months of activity of JUST GREEN AFRH2ICA project in which the main
features of a common AU-EU Hydrogen roadmap will be identified starting
from on-going policy and industrial initiatives and background.

Looking at the potenti al mar ket i mpa
Africa (supportive to EU Hydrogen transition an vice-versa), the following three
major markets are considered: 1) Demand in Africa - Local Markets ((e.g.
green ammonia and fertilizer for the African agricultural sector or green
hydrogen for decarbonizing the mining/chemical industry 1 SHORT TERM),
2)Attracting Foreign Direct Investments (e.g. attracting heavy and other energy
intensive industries or providing ammonia for refueling of maritime vessels i
MEDIUM TERM), 3) Exporting Green MoleculesH2-derivatives (e.g. exporting
green hydrogen from North Africa via pipelines to EU or green
ammonia/molecules from Africa to Japan i LONG TERM) . ltds re
highlight that an African-H2 revolution could have a strong impact not only on
African economy, but also on its agriculture (short term) and infrastructures
(mid-long term).

This paper has the goal to present JUST GREEN AFRH2ICA project and
the first outcomes of task 1.1 and task 1.2, also in order to collect relevant
insights from conference stakeholders about such first outcomes.

The goal of T1.1 is indeed to set the basis of the overall project: to do so
the state of the art of existing AU Hydrogen experiences will be assessed from
a policy, know-how, technological and previous assessment point of view. T1.2
aims in parallel to analyse current EU strategies about hydrogen with a specific
focus on import, assessing different EU Member states strategies and
roadmaps. This assessment will identify the main locations, quantities and
timeframe of the European demand where H2 import from Africa appears
relevant.
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Introduction

Agriculture is a key sector of the Ugandan economy as in many other
countries in the world. 80% of the working population in Uganda is dependent
on agriculture for their livelihood. The demand for agricultural products is
growing rapidly, but the sector is characterized by low productivity and
technologization. Agro-industrialization is given highest priority in Uganda's
National Development Plan. Affordable, reliable renewable energy is key for a
sustainable development.

Together with local partners (solar installers, Universities, etc.) TWIGA Sun
Fruits develops, implements and operates turn key system solutions for the
agri-food sector. Food processing and solar energy know-how is transferred,
adapted to local needs and responsibility for the complete supply chain is
acquired starting with certified organic agriculture, food processing, solar
energy supply till sales.

A first small batch pilot plant is elaborated for an organic certified farming
cooperative in Kangulumira, Uganda. The project includes solar heat and
electricity supply with a micro-grid, optimized food processing and a small
manufactory where highest hygienic standards are complied. The pilot plant is
in the final implementation phase and will be commissioned beginning 2023.
This enables the cooperative to directly enter international trade and to
increase their income.

The expected results are the base for replicability, scalability of the concept
and can be transferred to other agri-food sectors and countries with similar
needs.

Methodology

The project includes a holistic system approach with solar heat and PV
supply with a micro-grid, optimized food processing and a small manufactory
where highest hygienic standards are complied. The first pilot plant is in the
final implementation phase for an organic certified farmer cooperative in
Kangulumira (Uganda).
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The heat demand for drying of the
small batch production is supplied by
80 m2 flat plate collectors and a 3 m3
hot water tank. The auxiliaries are
supplied by 13 kW, photo-voltaic
cells with a 15 kWh low voltage
battery within a micro-grid. A solar
fraction of roughly 95% is expected,
the remaining demand can either be
avoided through intelligent operation (weather forecast) or might be supplied
by a backup system. The design of the energy supply, the building and food
processes is based on simulation studies and real experiences.

The project partners have the overall responsibility from traceability to
import and distribution of the fruits. A local partner with long-term experience
in photovoltaics and thermal installations is trained on solar thermal
components to ensure technical service and maintenance. A local University
will enable the integration of practical field research and its feedback from
academia and scientists. An organic certified farming cooperative is
responsible for the quality of the processed food and runs the plants in daily
operation.

The high-quality, dried fruits are imported to Austria by TWIGA Sun Fruits
and distributed directly. On the one handi t 6 s end tudtomers via the
TWIGA webstore and on the other hand to companies that support the project
as part of their Corporate Social Responsibility (CSR) measures. The
equipment is amortized with these revenues. Surpluses are invested in

increasing the social impact, such as the construction of a health center.

Conclusions

The demo plant serves as a proof of concept for the reliable and economic
application of solar for process heat and of PV for auxiliary demands. With the
successful demonstration of the concept further developments and scalability
will be advanced. Interested Stakeholders in applying the system concept
represent agricultural sectors like coffee, tea, grain, dairy, fish, etc.

The base for replicability are well-trained local partners who will install and
maintain the plants. The implementation and development are further
accompanied by scientific partners.

In future the concept will further be extended to solar cooling and can be
used in any agri-food process.
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Introduction

Stand-alone PV systems usually include batteries as energy storage
and/or backup generator. In systems with water load that must be pumped
(from a river or a well) and stored in a tank, adding a hydro turbine we can
use pumped hydro storage (PHS) for the electricity supply. Batteries will
also be considered in the system.

PV-PHS-battery system

In this paper we optimize a farm located in the Pyrenees of Huesca,
Spain (latitude 42.52°, longitude -0.37°) with water consumption (from the
well to a water tank). AC Load consumption is different for each day, with
an average of 10 kWh/day during the year. There exists an infrastructure
to cover the water consumption, which is from 50 m3/day in winter to 100
m3/day in summer, consuming 40% from 6 to 8 a.m., 40% from 13 to 15 h
and 20% from 20 to 21 h. Water must be pumped to a water tank of 400
m? (supposed to be at 50% capacity the first day of the simulation, January
1%Y), with a total head of 30 m and friction losses of 8%. Water pump of 3
kW rated power (min. power 30% of rated), variable efficiency (max. 78%)
is considered. If surplus energy from PV is higher than 50% of pump rated
power, priority to store energy in PHS. Water from the tank to the load has
a head of 20 m with 8% losses, running a hydro turbine of 2.5 kW (variable
efficiency, max. 73%). If AC electrical load is higher than 20% of nominal
power of the hydro turbine, it will be primarily supplied by the hydro turbine,
forcing to consume the needed water.

Nominal DC bus voltage is 48 V. The rest of the components are the
following. PV generator of 26 kWp, NOCT 43°C and power temperature
coefficient -0.4%/°C. Optimal slope is 55°, with 0° azimuth. PV inverter of
the same power as the PV and has a variable efficiency curve, with a peak
of 96% for 15% output power. 8 batteries in parallel, type OPzS, 48 V (2V,
24 in serial). 200 Ah (76.8 kWh total storage capacity), max. current 40 A
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(C/5), roundtrip efficiency 80%, float life 18 years and minimum SOC 20%,
with 1,200 full equivalent cycles (FEC). Inverter-charger of 2 kVA with
variable efficiency (max. 93% at 10% load).

AC
Inverter/Charger
(Bi-directional
inverter) pDc

Simulation of the system

The performance of the systems has been evaluated during one year, in 1
h time steps. The figure shows the simulation of two consecutive days, May 7%
and 8™. Annual load is 6.17 MWh/yr, PV generation 30.55 MWh/yr (oversized
to cover the whole load even in winter, with most of its energy that cannot be
used), pumping 5.9 MWh/yr and hydro turbine generation 1.1 MWh/yr.
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Conclusions

PHS can be a good storage system in facilities where there exists
previously a pumping water system (to supply water load), adding a hydro
turbine. This kind of storage can complement the battery storage in stand-
alone systems. However, in places with low irradiation in winter PV generator
must be oversized if we want to cover all the load.

55



Techno-economic comparative analysis of different
storage technologies for off-grid PV
based microgrid in Africa

F. Roncallo 1#, C. Tacconelli 1#, S.Barberis 2#, M. Rivarolo 2#
#1, EnGreen Srl, Via Elio Vittorini, 103, 00144 Roma RM
#2, Thermochemical Power Group - Universita di Genova, via Montallegro 1,
16145, Genova, Italy

Corresponding author contact: +39 3407873969
francesco.roncallo@engreensolutions.com
Introduction

PV based Off-grid microgrid are becoming more and more common to
boost rural electrification in African context. Nevertheless, in order to offer
a reliable and robust solution, energy storage system (ESS) must be
integrated at local level. Battery based systems (BESS) are already quite
common in this context, nevertheless they do not offer long-duration/large
scale energy capacity, that other type of solutions like power-to-hydrogen
(-to-power) could offer.

In this paper, starting from different African microgrid case studies
studied by EnGreen and in literature, UNIGE researchers will define the
most relevant features of potential micro-grid case studies where power-
to-hydrogen could become a significant energy storage solutions, also
evaluating the possibility to use hydrogen at local level not only for energy
purpose.

Case study and results

Different microgrids (all of them not connected to grid) will be studied in
order to define some far ciyratPy Basedd ¢
microgrids. Different power capacity (up to 1 MW) will be studied, in order
to compare at local level different energy storage solution evaluating their
economic viability (via LCOS, levelized cost of storage) and their usage
(charging/discharging cycles) along the whole year. To do so both
commercial (e.g. ODISSEY - https://seed-enerqy.fr/len/odyssey.html ) and
UNIGE in-house tools
(e.g. WECOMP- http://www.tpg.unige.it/TPG/portfolio-item/w-ecomp/) will
be used.
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A sensitivity analysis will be presented, in order to identify which
parameters/microgrid features (e.g. annual PV Equivalent Operating
Hours, local energy demand Vs installed RES power capacity, Storage
energy capacity) can be the most impacting to identify suitable business
cases for BESS or Power-to-hydrogen.

SWOT analysis will be also used as tool to identify most interesting
micro-grid use cases for both BESS and power-to-hydrogen solutions: for
the second case,the possi bi leinteyr gtyod |
takers/purposes (E.g. use of H2 at local level for transports or for urea small
scale production plants) will be considered too.

Conclusions

The goal of the paper is to define, thanks to proper numerical
simulations results, the best storage technologies for off-grid PV based
microgrid with power-capacity up to 1 MW, in order to guarantee suitable
business cases and reliable power supply at local level. Starting from such
assessment, t he most rel evant and i1
mi crogridso wild.l be def power-t-hydrbgemas i
suitable long duration/large scale storage in African rural contexts.

=}
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Introduction

Promoting clean cooking and closing the electricity access gap are top
concerns of the international development and climate communities. Nearly a
third of the world's population and the vast majority of the more than 102 million
people forcibly displaced from their homes?, cook with solid biomass, which
implies devasting consequences for their health and the environment. None of
them have access to modern electricity to meet their needs. However, clean
cooking and electrification tend to be treated as separate issues and
receive disparate levels of investment?. Each of them appeals to a different set
of stakeholders, who then develop separate strategies to address each gap.

The refugee population and host communities in Ethiopia2, almost entirely
rely on biomass and three-stone stoves as the primary source of energy for
cooking. Thus, this has led to the degradation of vegetation and has resulted
in conflicts between refugees and host communities regarding the use of forest
resources.

Within the framework of the project that the Alianza Shire develops in
Melkadida Displacement Settlement in the Somali area (Ethiopia), the
feasibility of facilitating access to electric pressure cookers (EPC) in public
educational institutions through a solar mini-grid, have been evaluated.
Innovative approach: Electric Pressure Cookers supplied by a Solar Mini-
grid

In Kobe refugee camp, there are 3 pre-primary and 5 primary schools
whose students, both refugees and host community members, are

1 GPA (2022) The State of the Humanitarian Energy Sector

2 Energizing Finance: Understanding the Landscape 2021. © 2021 Sustainable Energy for All
8 Multi-actor Cooking Energy Strategy for Refugees and Host Communities in Ethiopia (2022-
2030) developed by Ethiopian Humanitarian Energy and Environment Working Group (EEWG)
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beneficiaries of the World Food Program Food Scholarship Program which
provides them with porridge (Supercereal Plus Corn Soya Blend (CSB++)).
Nowadays, the porridge boiling process is carried out by incentivized workers
who cook indoors in 25L pots, in two shifts (morning and evening), mainly with
firewood. In accordance with the ESMAP Multitier Framework (MTF), schools
are classified in the Tier O level, very low level of energy access for what would
be expected of them as essential services.

The Alianza Shire approach is to substitute in 6 of the Kobe schools, that
serve a total of 5020 students, each 25 L traditional cookers for a 40 L Electric
Pressure Cookers supplied by a solar mini-grid. The total energy demand for
cooking in these 6 schools it was estimated of 150 kWh/day, based on
bibliographic data®.

The feasibility of implementing a mini-grid that supplies energy to a set of
16 community services, including the 6 schools, has been evaluated applying
an optimization tool. The demand for cooking represents 59% of the total
estimated demand and the mini-grid is technically feasible and can allow
increasing significantly the schools MTF Tier to, at least, a Tier 4. Considering
a proportional payment of the operational expenditures (OPEX), the future
energy cooking cost of the schools will be lower than the current cost.
Nevertheless, if also a proportional payment of Capital Expenditures (CAPEX)
is considered, it will be higher than the current cost. Consequently, since this
technical solution it is not economically viable from a commercial perspective,
the mini-grid CAPEX will be co-funded by the European Union through the
Spanish Agency for International Development Cooperation (AECID) and,
since it is not a commercial mini-grid, has been framed within the Ethiopian
Directive No. 836/2021. A management model consistent with this framework
has been designed trying to ensure long-term operation and maintenance.

Conclusions

Integrated energy strategies such as the one proposed by the Shire Alliance
in Kobe Camp to ensure access to both electricity and clean cooking options
in public institutions, can go a long way in helping the Global South to address
energy, climate and dewlopment challenges. This experience exemplifies
how, developing countries and their partners seek to expand and clean up
national electricity systems, they also have an opportunity to drive broader
adoption of electric cooking and stimulate demand for ele ctricity.

4 S Batchelor, Larger Electric Pressure Cookers; Are they a possibility for institutions? Test runs
on three larger EPCs. Working Paper 12/June/2021
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Introduction

The agricultural sector in Mozambique has a great influence on the
Mozambican population, it represents a large margin of subsistence and
currently takes important paths in local development. However, agricultural
communities still face several problems of access to primary sources of
energy to feed their production activities, consequently negatively
impacting the conservation of products, which implies the loss of inputs due
to lack of energy for the storage of these products. Due to insufficient
cooling systems it is estimated that losses reach 38% in the case of
vegetables, especially tomatoes, 15% legumes, 18% in the case of corn.

One way to reduce wastage is to have air conditioned warehouses
where small holder farms products can be adequately stored.

A combination of a photovoltaic and wind driven peltier system are of
great importance in terms of alternative cooling sustainable technologies.

This work aims at developing a hybrid thermoelectric cooling system for
use in rural areas in Mozambique with no grid electricity supply.

Theoretical design considerations of building integrated peltier cooling
photovoltaic and wind are analysed.

The overall objective was to understand photovoltaic and wind
renewable energy sources for sustainable, safe and reliable electricity
generation to power a container using a cooling system for small scale
farmersés products conservation. To
to do (i) literature review, (ii) documental research, (iii) presentation of the
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proposal cooling system and renewable energy sources for sustainable,
safe and reliable electricity generation, (iv) a Business Intelligence
framework that simulates a marketing conection of the indicated
agricultural community with potential buyers.

The system design presents a ceiling suspended, wall mounted rooftop
and a combination of Thermoelectric and solar photovoltaic and wind
component is considered in the analyses.

The overall intent is to provide the small holder farms with a cost
effective way of improving small holder farms agricultural profitability,
achieved from selling high quality products by introducing hybrid powered
mobile cold storage, additionaly for marginal and low income farmers, this
makes having a cooling solution affordable and accessible.

Additionaly, the work contributes positively when considering the
following elements environment: minimization of negative impacts to the
environment the cooling system does not emit toxic gases to the
environment, since it does not use refrigerants, in parallel to this factor, the
photovoltaic system and the wind do not emit pollutants during power
generation;

Social: it reaches remote areas where other conventional sources do
not reach;

Economically: implementation costs have been decreasing over the
years with technological advances.

The hybrid cooling system showed a great potential to overcome the
challenges posed by lack of electricity in the rural areas. In parallel to it, the
project showed that this technology is a user- and environmentally-friendly
solution for remote regions not connected to the grid additionally it offered
the opportunity to support the small farmers product's value chain at any
stage by increasing productivity.
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Photovoltaic Pilot Project of Sto. Amaro, Sto. Amaro,
Agua-Grande, Sdo Tomé and Principe

Gabriel Lima Maquengo .
IMinistry of Infrasestructure and Natural Resources of Sao Tomé and Principe
Corresponding author: gabrymakengo@gmail.com

Introduction and context

The photovoltaics Santo Amaro project, located in the Santo Amaro
community, is expected to contribute with 10% of the electricity generation
to the archipelago. This to contribute to the policies implemented by the
Government, such us the reduction of the energy dependency of the
country, that is 95%. Therefore, it is necessary the implementation of clean
energy measures, especially focused on photovoltaic systems. This
initiative has also been considered as part of the energy planning process
t hat aims at promoting 50% of el ec
electricity matrix by 2030.

With a latitude close to 0 and with priviledged solar contidions in the
north of the island, it will be possible a significant production of energy as
shown in the maps of the World Bank Group (SOLARGIS). The islands of
STP are meet good locations geographically on the land and ocean surface
with the potential to achieve more than 100% in renewable energies by
2025. For instance, the average global horizontal solar irradiation (HDI)
maximum daily is 4.4 kWh/m2 Therefore, the international organizations:
UNIDO (United Nations Industrial Development Organization), UNDP
(United Nations Development Programme) and the AfD (African
Development Bank) partnered to implement the first large photovoltaic
power plant of the country.

The PV system will have a capacity of 2,2 MWp, which will be installed
in two phases, a first one of 0,54kWp and a second one of 1.66 kWp. To
do so, this project also considers the expansion of the Substation, PC5
(Cutting Station No. 5). It is worth indicating the phase | is finalized thanks
to the support of UNIDO and UNDP, while the phase Il has already started
and is being led by the AfB. The entire project will allow the current thermal
power plant of ST to be hybridized.
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Methodology

The technical-economic analysis of the system shows the country that
this is possible. This study will allow, in its integral phase, to make the
system communicate with the National Control Center. This project is part
of the general development plan of the island's electrical infrastructure and
the objective t increase the share of renewable energies.

This feasibility study included:

A The evaluation of different potential sites for the realization of the
photovoltaic plant;

A comparative analysis that includes social and environmental
criteria; The choice of the selected scenario;

The main equipment and technical specifications to be
considered for the photovoltaic plant;

A plan of the initial layout of the solar system in Santo Amaro;
The simulation of energy production through the PV system
software;

A financial analysis.

ST S SR SU

Conclusions

The installation of 2.2 MWp of photovoltaic capacity will reduce the
Levelized Cost of Electricity (LCOE), increasing the share of renewable
energy (RE) from 5% to 15%. This power plant is the first renewable
energy initiative to be implemented in the country, there are potential to
other projects to support the decarbonization of the electricity mix which
would need the establishment of financial business models for their
deployment. In light of this, the country is also reinforcing the electrical grid
to be prepared for the connection of new generation capacity and to ensure
the reliability of electricity service in the archipelago.
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Introduction

AC-coupling is a simple and well-known way to transport electrical
energy. Eventually, itdos our grid
in. AC-coupling easily allows to connect customers with generators like we
do in all grid-tied applications since more the hundred years. But how can
we transfer that knowledge to Off-Grids such as mini-grids which are
designed for a small number of users? And how to proceed if the Off-Grid
is growing and becomes a micro-grid with an increased number of
appliances and users? How to enlarge the system?

Why is flexibility so relevant in Off-Grid systems?

Along the years independently from the size the Off-Grid system had
been designed initially, we have seen at many sites the same process: The
users, the appliances, the time of use of the available electricity, all

S

i ncreases. That 6s nor mal and expect

encouraging prosperity which facilitates new jobs and increase, in turn, the
demography. Furthermore, with more users come more electric devices
and that wild/l eventually increase
stay flexible and to design a system which is possible to enlarge future-
wise in a modular way.

How to ensure the need of flexibility?

AC-coupling of generators and loads is not just simple to realize, it also
allows to enlarge microgrids over long distances. It only needs to have grid-
forming battery inverters which follow behavior of electric grid principles like
droop curves as well as a flexible and platform independent control system
which uses standardized interfaces.
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Examples of growing Off-Grids

In 2008 the Isle of Eigg started with ca. 100kW battery inverter power
and enlarged in 2019 to more the 200kW. New loads have required an
increase of Wind- and PV-generation which in turn has made a stronger
grid-forming capacity mandatory to keep the Off-Grid stable.

In 2016 the Caribbean Isle of St. Eustatius got a first PV system to
reduce the fuel demand from Diesel Genset which has exclusively supplied
the Island before. In 2017 the PV-Hybrid system was additionally equipped
with a battery inverter to completely switch off the Diesel at daytime.
Afterwards the system has been increased twice without changing the
basic control system.

Conclusions

Having a control system and inverter technology with standardized
interfaces, the mini-grid operator is enabled to add additional batteries and
power sources when generation is no longer matched with the demand.
This flexibility makes customers happy having sustainable and inexpensive
green energy all around the clock.

Example 1: Isle of Eigg where Example 2: St. Eustatius where
are combined wind- hydro-, PV- are combined PV-power and
power and diesel generators with diesel generators.

a battery system.
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Introduction
Arca is an isolated solar generator with integrated storage, capable of
permanently supplying energy anywhere in the world.

It is designed to be able to be installed in any location without qualified
personnel, given its robustness, safety, and simplicity of use.

The careful selection of high-quality components and the development
of our own electronics guarantee maximum durability and protection
against humidity and adverse weather agents.

Why ARCA is different from other solutions.
This energy is an essential instrument for the development of areas and
social groups discriminated by the lack of access to resources of first need.

1.- Encapsulated Electronics
2.- Long-Lasting Batteries (LIFEPO4)
3.- Passive Cooling

4.- Compact, Robust and Safe
5.- Reduced Maintenance

6.- Quick and Easy Installation
7.- 7 Years Warranty

8.- Prepaid

9.- 10T device

10.- Data Monitoring

11.- Anti-Theft System
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1.- Electrical inclusion

2.- Poverty reduction

3.- Conservation of the environment
4.- Promote gender equality

5.- Data transmission system

6.- Economic savings

7.- Quicker start of development

1.- 2.- 3.- 4.- Local

Residential  Agriculture  Industry business 5.- Social

Conclusions

We work to ensure that the populations of the most disadvantaged areas
of the planet not only have lighting, but also have enough energy to
guarantee the basic electrical inclusion of these areas.

For this reason, we have created ARCA as an 'Inclusive Electricity'
generator designed to solve people's basic difficulties in a robust and
effective way.
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1l.Introduction:

Traditionally, windmills have been used in the Pla of Mallorca, in the
agricultural area in the North of Mallorca, to extract water from wells and use
it for watering. Thi s i s w h Windmids
reconversion P r o j docthiscattractive project.The first graphic document of
a windmill dates back to 1468.

During the Middle Ages the number of windmills grew. Most of them were
for flour although some were also used for water. All had a rotor and sails or
fabric. Windmills started being fully used for water extraction in 1845, by the
Dutchman Paul Bouvy de Schorrenber. From this moment on their growth was
spectacular (in Palma there were 36 in 1872, 200 in 1891, 897 in 1951 and
1308 in 1958). There were easily over 3.000 in all of Mallorca.

With the arrival of electrical mains and the explosion motor, motors that
extract water replaced the windmills. Gradually, these mechanisms and
constructions deteriorated ending up creating the current depressing scenario.
Many windmills have disappeared, others are in precarious conditions, and
only a small percentage of them continue in acceptable conditions.

One aspect that hasnét been deal't
and the project of reconverting these slow rotational speed Machines moved
by the energy of air in movement to take advantage of it in obtaining electrical
power.

2. Environmental problem which the project refers to:

The only autochthonous electrical power resources of the Balearic Islands
are those that are renewable and those derived from the biomass and sun.
Thus,98% of t he i sproductidrdisobtairedvfeom importing power
resources from outside, 45% of the total production corresponding to gas and
oil and its by-products and the remaining 55% to coal.

The use of autochthonous power resources is very limited. the development
of wind energy has been much less impressing, in spite of being traditionally
the one and only renewable power used since the late eighteenth century until
the late 50s in this century.
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Especially important are the development of pilot experiences and the
demonstration effect, which can be achieved with the use of renewable power.

3. Project Goals

Reconvert and adapt a A UD|I el e€ltrroin® anart o e
windmills as a new technology and means of taking advantage of the wind
energy existing on this island, yet forgotten, and introducing the novelty of the
production of electricity on a small scale by means this electrical motor as a
generator function in order to take full advantage of it, save and replace other
sources of power in the agricultural sector (lighting, water extraction, watering,
climatic adaptation of greenhouses, desalting brackish water, etc.) All of this
improving the present visual and environmental impact, given the progressive
state of abandonment and deterioration which the 3000 installations of this sort
which are calculated to exist on the island of Mallorca and which are object of
our attention:

The mains Project goals are :

- Increase, to a certain extent (small yet worthwhile), the contribution of
wind energy to the current electrical power offer on our islands.

- Develop this technological innovation as a production system of
electrical energy by using the traditional Mallorquin at water extraction
windmills at Balearic Islands area, as well as rationalise the use and
consumption of the use and consumption of this power.

- Recuperation of a historical patrimony as a heritage (until well into the
nineteenth century windmills have been the only machines capable of
providing mechanical energy for the service of industry or agriculture),
reducing the currently negative visual, aesthetic and environmental
impact of most of the windmills in the area and increasing their
energetic, improvement of the rural landscape and touristic interest.
The visual image of windmills in a state of ruins is not just negative for
the environment but harmful to the image of a territory where touristic
affluence is significant.

This is the technical base that supports the presentation of this project: bring
these aeolic devices closer to the present providing them with a current
technology in order to carry out their role of making use of the wind for
the production of electrical power, resolving the technical problems
that are a part of it, at the same time as improving its visual, aesthetic
and environmental impact in the area where they would be put to use.
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4. Technical Nature of the Project:

The windmills we are discussing have a multiblade type (18 blades)
harnessing surface of a 8 m diameter, slow speed (between 15 and 30 r.p.m.)
which the wind blew on perpendicularly thanks to a rudder or tail, perpendicular
and fixed to the before mentioned surface and parallel to the direction of the
wi nd. I'ts optimum functioning is obt
between 1 and 2.

5.-Conclusions:

These parts will be analysed briefly in order to provide a global vision of the
existing technology and the technical improvements to be incorporated to
achieve the goals that have been marked.
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Introduction

The world aims to achieve universal electrification by 2030, in line with the
UN Sustainable Development Goal 7. Access to electricity is a critical
intervention to fight poverty and improve living conditions among the
population. In Pakistan, population growth, poverty, and dependency on fuel
imports remain significant challenges in electricity provision. As per the data
available from the most recent census (2017) there are approximately 32
million homes and as per the grid regulator (NEPRA) 24 million homes have
electric connections, implying approximately 71% electricity access from
national grid.

Third generation mini grids based on PV and battery storage technology
provide one option for rural electrification. Such pilots have been implemented
in Pakistan by donor organizations or as corporate social responsibility (CSR)
by solar companies. Based on these pilot projects technical, financial, and
business case optimization can be performed for more large scale roll out of
mini grids.

The initial analysis of the existing pilot projects suggests even though
technologically it is possible to provide energy access to remote locations
through PV and battery, the major challenges for implementation of such mini
grids is funding for upfront cost (CAPEX) and O&M (OPEX). Hence, it is
suitable to explore more sustainable business cases for generating income
from rural electrification. Pakistan has over 80 million livestock and is the fourth
largest milk producer in the world. Some of these cattle are in rural areas but
milk collection is a challenge due to low concentration of population. Milk
collection companies use chillers (refrigerators) to collect milk in low
concentration areas. Access to electricity to remote areas with cattle provides
an opportunity to generate income for rural electrification.
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Methodology

Lessons learned from the pilot projects will be gathered and used as in input
for the analysis. These projects being:

1) Solar and Battery: 65 sites from 10 kWp to 50 kWp (KfW & PPAF Project)

2) 50 KW Mini Grid: Soon Valley Khushab (CSR Project) 20 kW wind, 30
kWp solar and 300kWh Battery Storage

From previous rural electrification studies, a village with suitable case study
size and distance will be selected, mini grid will be designed for the basic
electricity needs (lights, fans, pump for clean water, small fridge for medicine)
and chiller for milk storage. Financial modeling along with entrepreneurship
perspective will be done to demonstrate the optimal case for funding and
maintenance of the Mini grid.

¥

Assessment of present electricity demand ~’

Calculation of effective demand l
Forecasting of effective demand 1 i J

PROJECT
DESIGN AND
COSTS

ELECTRICITY
DEMAND

Figure 4: Flow chart for Mini Grid Sizing and Tariff
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Introduction

The National Electricity Administration - ANDE manages the Paraguayan
electrical system aimig at adequately satisfying the Country's electrical energy
demand and promoting socio-economic development of the population,
preferentially taking advantage of renewable energy sources (RES). To meet
this objective, ANDE employs the technical planning criteria of the Generation
Reserve Margin (GRM) so that the generation park can meet the increasing
demand. According to studies carried out by ANDE, a strong increase in the
demand for electrical energy in Paraguay is expected for the next years, where
it is observed that the GRM would be affected by the year 2030. To mitigate
this problem, the plan for the extension of the Paraguayan electrical system
aims to RES diversification, taking advantage of largely available solar
potential. Nevertheless, there are still gaps in terms of technical and financial
data that can serve as a basis for large ventures, hence the importance of
having studies to calculate the Levelized Cost of Energy (LCOE) i to assess
the economic viability of the average total cost to build, operate and maintain
such kind of energy generation system.

In this study, a comparative predictive analysis of the LCOE was carried out
for photovoltaic (PV) solar plants to be installed in Paraguay, considering as
case study the installation of a 10 MW PV generation system in the town of
Loma Plata, and for the analysis of the LCOE values of the Countries of the
Southern Cone, Brazil and Italy as reference cases.

Case study and results

Despite the experience in small-sized photovoltaic systems, there is still a
lack of technical and financial information that can serve as a basis for the
installation of large PV facilities (>1 MW). The LCOE is used to evaluate the
economic viability of the average total cost to build, operate and maintain a
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generation system during the useful life of the system, as it represents the
average cost per unit of electricity generated, comprehensive of both
investment (Ci) and operation costs (CO) of an energy generation system
during the operational life cycle; it is also used to compare the level of
competitiveness of different electrical energy generation plants.

SMCLA+ )+ I, oL+ 1)

LCOE = :
(B +1)

) is obtained in the Paraguay scenario. However, this value is strongly
affected by the CAPEX for PV plants, which is nearly 2,300 USD/KW in
Paraguay, a high value if compared with today values in the other Countries in
South America orin Europe (about 8001 1,000 USD/kW, as reported in Figure
1). However, it is interesting to observe that, for the same considered
Countries, in recent past CAPEX and LCOE values were similar to the present
ones in Paraguay, as shown for Brazil.
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Figure 1: CAPEX structure for some Countries and CAPEX evolution in Brazil
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A sensitivity analysis is also performed, in order to identify which
parameters can be the most impacting to reduce CAPEX and thus the LCOE
in a developing Country, as Paraguay (Figure 2). The introduction of incentives
is important in this phase to encourage new investments, as did in European
Countries in recent past.

Figure 2: sensitivity analysis for CAPEX elements variation

Conclusions

For the considered case study in a developing Country (10 MW photovoltaic
plant installation in Paraguay) a LCOE value of 95 USD/MWh is calculated,
which is higher compared with many reference Countries in South America
and Europe, where values of 50-60 USD/MWh are obtained. Nevertheless,
CAPEX in Paraguay has been decreasing in recent years due to lower
production costs and the expansion of the photovoltaic equipment market at a
global level, but currently the costs related to the electrical system, soft costs
and land leasing that, according to the study carried out by the Inter-American
Development Bank are the factors that most affect Latin American countries.
The introduction of proper Government incentives, based on feed-in-tariff
method as did in European Countries in recent past, can be a key-point to
promote PV diffusion. With the obtained results, it is possible to contribute with
data for research and future development of energy policies in Paraguay.
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Introduction

In recent decades, off-grid electricity solutions have gained escalating
traction in attempts to attain affordable, clean, and reliable electric energy. In
rural regions, for instance, those in Sub-Saharan Africa (SSA), solar mini-grids
and solar home systems, among others, have amplified community
electrification. Supplementarily, diesel generators are adapted to secure 24/7
availability of electricity supply. However, mini-grids are often inappropriately
sized due to complexity of estimating the actual and trend of change of
electricity demand of previously unelectrified communities. Due to the low
income of most of the rural population, high fuel cost and complex logistics,
operation as well as maintenance of diesel generators become non-
sustainable and impracticable. The typical solution then is to expand the
fcentral o sol ar PV and/ o Figusetl tortre gase ot a p
Tsumkwe, an off-grid community in north-eastern Namibia.

Decentralized solar PV systems (DSS), i.e., integrating one/several solar
PV-battery systems into an existing mini-grid at (anchor) consumer level, are
a novel solution in stabilizing and reducing the electricity burden on existing
grids. This proposed approach allows sharing capital investment among
various stakeholders and/or consumers, therefore lowering cost implications
on a single customer group. This abstract puts forth the potential of this novel
approach as realized in Tsumkwe.

Evolution of the Tsumkwe mini-grid

In 2012, a hybrid (PV-diesel-battery) mini-grid was commissioned in
Tsumkwe. By 2014, Tsumkwe had an approximate load evolution of 12% due
to new household connections and an increase in economic activities,
therefore, the electricity production was adjusted accordingly in 2014 and 2016
(c.f. Figure.1l). By 2022, the mini-grid was once again unable to meet the
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Figure 1: Tsumkwe mini-grid capacity evolution

Contribution of the 25kWp decentralized solar PV system

The observation through remote system monitoring, identifies that the
system, the capacity of which is only about one-twelfth of the main mini-grid,
contributes above 65% (c.f. Figure 2) of the total daily school energy
consumption. It feeds into the grid around 52% of its daily energy production
and reduces grid-to-school supply from 100% to below 20%, thus increasing
electricity supply to other consumer groups.
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Figure 2: Exemplary DSS electricity production and consumption on the 19" of July at TSS

Conclusions

This approach identifies the contribution of decentralized solar PV systems
in complementing existing mini-grid electrical energy supply once the supply
and demand are no longer in parity. In Tsumkwe, the 25.8 kWp/24 kWh
decentralized PV-battery system has already shown its potential to reduce
diesel generator running times. Simple, conveniently maintained, and operated
systems with minimal to zero running costs remain at the epicenter for
addressing rural electricity demand evolution. This engineered counter
strategy not only solves the problem faced by existing mini-grids in growing
off-grid communities but also puts forward a feasible solution for newly erected
mini-grids.
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Introduction

Seen that solar radiation is not a constant input but depends on the
weather, the main target of the present work is to optimize the management
of an isolated solar PV smart grid to be able to satisfy as far as possible
the user's need according to the available resources. The smart grid is
installed inside the Cirque of Mafate, in Reunion Island, that is a high
mountain place without road and outside the general electrical grid. The
access is only by walking or helicopter. The smart grid project is called
Micro Réseau Mafate. The available resources are estimated by a data
base of solar radiation and weather parameters based on in situ
measurement, electrical data of the smart grid and state of charge of the
battery. The user's needs are the number and power consumption of their
equipment and above all the planning of use during the day. An
optimization algorithm was done to find the suitable schedule of the user's
equipment with user's satisfaction or dissatisfaction as constraints. This
latter is estimated by the difference of the time that the user wants to utilize
his equipment and the time that the program suggests. The human
machine interface is based on smartphone and/or tablet, so the user can
enter his daily or weekly program and also to receive the optimal suggested
schedule. The data acquisition system for all parameters was functioning
since 2020. Actually the system is supplying electricity for three houses.

The structure of the smart grid
The solar panels by a MPPT regulator is charging batteries with what
the inverter delivers the AC power supply for the grid.
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The available solar resources

The solar available resources are the combination of the previous value
in the data base, like annual and monthly average, and the present
measurement. So a model of the solar radiation falling on a titled surface
was done. This model is still evolving year by year because as weather
parameters, it needs several years to reach a certain level of stability.

The user's behavior

The time by time evolution of the user's consumption is recorded by
electrical sensors and wireless transmission. So a model of the general
user's behavior can be made and improved year by year.

The electrical data of the smart grid

A full data acquisition system can measure all the electrical parameters
in the different parts or stages of the smart grid (voltage and current on
solar panel, regulator, batteries and inverter). These data are sent by
wireless system to the central.

The optimization program and human machine interface

The human machine interface is an application installed on an Android
smartphone or tablet. The optimization is done by a matlab program after
getting and sending by wireless network all the needed inputs and the
optimization results.
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Introduction
duz en Casad (Li ght) aits Hohme acciona.org

initiative for rural electrification, which is based on the shared responsibility,
tailored to every context of implementation, and applies the most advanced,
proved, clean technologies, to bring access to the electricity basic service to
communities living in extreme poverty conditions. We put the service delivery
(indefinitely) at the core of our actions, over the project implementation (for a
limited time). With this aim, we create, in the countries of activity, nonprofit
organizations which are our subsidiaries acting as if they were public utilities.

These Today, about 20,400 households in Peru, Mexico, Panama, Chile
and Philippines Larze ebne nCeafsiatbed wi t h 0

Evolution of Luz en Casa

& uz en wesaswarded in the Peruvian department of Cajamarca, in
2009, with an electricity service delivery model based on: installing and
operating solar home systemsb | e-adi d b at t j@naking theasereicg b
economically sustainable and economically affordable, and involving
authorities, other organizations and, specially, locals in the initiative. The
emergence of the Third Generation Solar Home Systems-3GSHS bLi Fe PO
bat t er y inthamagkdt Bome years ago has improved that model.

The first experience with 3GSHS was in Oaxaca (Mexico), in 2013, when
the most remote rural homes out of conventional electrification plans started to
have access to el ectr i cwith 0Wp paned and B.OABGS F
battery. Sincethen,6 Luz e@d Kasabeen replicated
places, such as the Peruvian Amazonia, the Panama Ngabe-Buglé indigenous
region, the Chilean region of Coquimbo, the surroundings of the Peru
Machupicchu district, the Philippine region of Palawan, and the Mexican state
of Oaxaca itself. Nowadays, Luz en Casa offers electricity through 3GSHS with
panels between 50 Wp and 600 Wp, batteries between 10.5 Ah and 50 Ah,
and a pay-as-you-go system in those areas. In addition, it provides electricity
through a 34 kWp photovoltaic micro grid in an Amazonian community in Peru.
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The culuzemgdasadd del i v e rbgsedmoo thesihplementation
of the mentioned technology and collecting a fee from users -a fee being
affordable for their economy- to contribute to cover the costs of bringing
maintenance & operation services. This economic contribution of users is key
for the sustainability of the service delivery model.

In the Peruvian Amazonia, for example, acciona.org brings electricity from
renewable sources to over 3.500 families paying an affordable monthly fee of
9 soles which implies an estimated average savings of 60% in their
expenditures on energy elements for lighting and communications (candles,
batteries for torches, mobile charging...).

Services are offered through the so-called Centros Luz en Casa, which are
user assistance centres owned by local entrepreneurs with small shops in
reference places. They give proximity attention to beneficiaries, who can also
buy 3GSHS-compatible devices that increase the performance of the service
provided.

Conclusions

Providing access to an affordable, sustainable electricity basic service is
feasible with the adlexen&asad dperloivveesr
since more than 10 years ago. It is necessary to work with every actor involved,
such as authorities, other entities from public and private sector,
manufacturers, civil society, traditional leaders, community leaders, and, of
course, the beneficiaries and other locals. This multi-stakeholder vision
provides the necessary resources to meet the objectives.

*Fee of beneficiaries of the Light at Home Amazonia program for the
use of SHS with 50 Wp solar panel and a 11.5 Ah lithium battery by March
2023.
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Introduction

In this study, a portable and easy-to-make solar cooker is presented as
a user-friendly alternative to traditional cooking methods used in
humanitarian camps and rural areas of the world. The prototype consists
of a trapezium-shaped cooking chamber and an adjustable reflector panel,
as reported in Figure 1. It is made of inexpensive and readily available
materials.

The reflector panel, cooking chamber, and tempered glass of the
prototype can be stacked and easily reassembled for transport to refugee
camps and other humanitarian settings during emergencies and crises.
The study includes a comprehensive description of the design,
construction, and utilization of the prototype, as well as the results of
numerous experimental tests conducted on various dates together with
different parameters to characterize the performance of the prototype.

Figure 1. 3D views of the solar box cooker
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Experimental tests were conducted to evaluate its thermal and optical
performances without and with the load (water and glycerin). The tests
were carried out adopting two different receivers: a black pot with and
without a glass enclosure. From the tests, the receiver with a glass
enclosure provided much better results than the one without the enclosure.
This is clearly evident also from Figure 2 where the temperature behaviors
of tests with water are reported.
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Figure 2. Time required to reach 90 °C of water temperature for a pot with
and without a glass enclosure test.

During the tests without load, the highest temperature recorded for the
studied prototype was 149.38 °C. The average time for the solar cooker loaded
with 1 kg of water to reach a fluid temperature of 90 °C was 115 minutes. For
the glycerin load tests, the prototype with the black pot and the glass enclosure
required an average time of 122 minutes to reach 105 °C. The results proved
that the proposed solar cooker is suitable for different humanitarian settings.
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Introduction

Different geometries are used for solar cooking devices. Literature shows
that parabolic-type are those with the highest thermal efficiency and the fastest
temperature rise, but this design concept has the problem of requiring a
continuous adjustment of the orientation to achieve the maximum efficiency
(Ebersviller & Jetter, 2020).

New design

In order to obtain a simple tracking mechanism and a focus point without
the need for geometry changes in the reflector, a new two mirror design has
been developed combining a fixed off-axis parabolic mirror with a moving flat
heliostat.

Although having two mirrors somehow complicates the design compared to
a Scheffler reflector, the advantage of the proposed design is that the geometry
of each of these mirrors is fixed (and one of them is flat) making its
manufacturing simpler (Figure 1)

Latitude

=

Sationary reflector
1.a Scheffler concentrator 1.b New design

Figure 1. Schematic of the comparison between a Scheffler reflector and the new
design
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Design, manufacture, and assembly

For the support of the two reflectors, a structure has been designed which,
when viewed from the plane of the parabola that forms the parabolic reflector,
has the shape of an isosceles rectangular triangle. The hypotenuse is the axis
that will allow the daily movement of the heliostat and is parallel to the axis of
the parabola. This would be the ideal configuration for latitudes of 45 degrees.

In order to adapt it to the user's latitude it is only necessary to rotate the
whole structure with respect to a horizontal axis perpendicular to the axis of
the parabola and positioned at the vertex formed by the two legs of the
isosceles rectangular triangle described above. The heliostat is positioned on
the daily rotation axis operated with a stepper motor, with the declination angle
being adjusted using a threaded rod (Figure 2).

In order to allow to manufacture the reflector by 3D printing, the paraboloid
was parametrized in the form of hexagons that have been coated with a highly
reflective vinyl and bonded together. In turn, the heliostat, being flat, has been
constructed by gluing a 0,5 mm thick aluminium sheet to a 10 mm thick
phenolic plywood board (Figure 3).

Figure 2 and Figure 2. Scheme of operation on CAD model design and
Solar cooker prototype

The model is being tested for geometric accuracy and focus quality. When
the receiver to be used for cooking applications is ready, also a
characterization of its cooking performance according to the ASAE S580.1
NOV2013 standard will be conducted.
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Steering towards a circular economy with multiuse
and second life batteries

Veeresh Anehosur
BOS Balance of Storage Systems AG
Bottgerstr 2/2, Neu- Ulm, 89231, Germany
+919449449927, veeresh.anehosur@bos-ag.com

One battery for multiple use cases: Increasing sustainability with
circular principles. Batteries have been powering everything around us,
from electric vehicles to lawn mower to our homes with solar energy. At
present, we have a battery for every new and existing application, creating
a huge demand for new materials and potentially a waste problem towards
end of their life. To put an end to this, a battery with multiuse concept has
been designed to cater to multiple use cases.

Need to store your green solar
energy, BOS systems can do that. Need
to go on a vacation in your motorhome,

the same battery can do that, just take it

out from your solar ESS system and ™™
install it in your motorhome just before ‘ )
you leave. Once back home, put it back

to the solar system. It rarely happens \ 4

that all these applications are operated
at same time, so such a multiuse battery saves demand for new batteries.

Extending the useful life of Lithium batteries: Once the available
battery capacity has fallen below the acceptable capacity for the first life
application, it is bought back from the customers to be installed for less
demanding stationery applications across Europe, Asia and Africa. For
stationery applications like solar, multiple of such second life batteries can
be used to reach the needed battery capacity. And because space and
weight is not an issue in stationery applications, this is no problem as
against installing additional heavy batteries in mobile applications. The
batteries in their second life can last as long as 10 years if designed well
for an appropriate application.
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To be able to be used for second life
applications, batteries need to be designed for
the purpose. We have built state of the art
prediction algorithms, which accurately
measure the health of the batteries, which is

\

)

important to build safe, long lasting and reliable v

second life lithium batteries.

Recycling at the end of life

After the battery capacity is down to 60%,
the battery will be finally collected back and
sent for recycling. The plastic casing is
designed for ease of dismantle. The revenue
that was generated from second life
application will be used to subsidize the cost
towards logistics for collection from customers
and delivery to recycling centers.

Conclusions

Aim is to reduce the requirement for
new batteries by around 20-30%. With

been brought down. With the

the use of recycled materials, the \
carbon footprint of the batteries has e

in future, the cost of batteries for
energy access projects can be brought
down while still offering high
performance from the lithium batteries.

possibility to build second life batteries \

\ N
: /

(=)

It is expected that second life batteries will be at least 50-70% cheaper
compared to first life batteries. A circular product without track and tracing
mechanism is most likely to fail, which is why in our product design, we
have given it utmost importance. Users can track where their batteries
came from for first life and for second life users, the insights on how their

batteries were used and remaining useful life.
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Introduction

Electric Pressure Cookers (EPCs) have been identified as a healthier
means of meeting the cooking needs of village communities in the developing
world [1]. However, EPCs operated in classical low voltage distribution
systems with no medium voltage components, create high risk of voltage
deviations at cust omer so Point of
exacerbated in weak distribution systems (DS), e.g. off-grid mini i grids
(OMG@G). In [1], Zimmerle and Quinn investigated the impact of large cyclic EPC
loads on OMGs, the authors found that operating large EPCs in such a system
can result in increased peak power requirements, potentially causing
unacceptable low voltage deviations. To overcome this challenge, DS
operators can interconnect OMGs with medium voltage segments and
customer transformers to service EPC loads. The transformers can also
support traditional voltage regulation methods such as Tap Changers. Grid re-
enforcements can also provide viable resolutions. However, the traditional
methods described above are cost-prohibitive to the operation of the village
OMGs. An alternative strategy is to control the switching action of the EPCs to
minimize peak loading [1]. This will reduce network and inverter power burden,
substantially reducing the risk of low voltage.

The objective of this study is to use a Stochastic Back-off Algorithm (SBA)
to control EPC activation, with the constraint that the algorithm must be
implemented at low cost, in the EPC, or on a household circuit. The SBA
utilizes monitored voltage to perform collision detection. However, to ensure
equitable access to power, the collision detection algorithm must estimate the
grid voltage profile. The current research focusses on solving this problem of
applying SBA to high power loads in OMGs: Is the voltage deviation at a
particular | oad point wunaccept?abl e,
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Contributions
The steps to implementing the SBA process are as follows:

(1) Each node needs to understand how a change in power )"’||-jD at that

node affects the voltages at any other node (P, 0ssd n di@are load and
voltage indices. One approach to rapidly compute expected voltage deviation
(e.g., when the EPC switches on) is to linearize the power flow equations
around nominal load. Linearization utilizes the partial derivative of voltage w.r.t

active power, i;, resulting in the gradient ( “M,) computed at a given load

point. uﬂp also measures the level of sensitivity of each node to voltage with
variations in active power. UH, is fed into the SBA process. (2) Using ”ﬂP each

EPC performs one-step ahead prediction of its node voltage and uses the
predicted value as the local voltage information that (in future work) will
populate the SBA collision detection. The voltage prediction is based on the
equation: 7® L [P B Pis the normal voltage
switching. (3) All EPCs must be capable of identifying their network location to
enable each unit to gain an understanding of the parameters for the back-off
process. Development of a node identification algorithm is in progress. In
general, the closer a node is to the head node of the branch line, the more
sensitive the corresponding EPC must be to grid voltage changes, hence will
have higher proportional back-off rates due to their impacts on downstream
nodes. These nodes will operate with narrower voltage bandwidths unlike
nodes closer to the tail end of the network.

Results and Future Work

The goal of this work is to illustrate the first steps towards the ability to
support the operation of large number of large loads in mini-grids, primarily by
stochastically managing the loads to reduce significant node voltage
deviations, and to minimize the chance and duration of exceeding power limits
of the mini-grid. This work will cover two topics. (1) Assuming perfect sensing
of grid state, illustrate howofwfed | oper
of large loads such as EPCs, will enable OMGs to handle large loads. (2)
lllustrating how the prediction of voltage using a gradient method could provide
real world sensing of grid state to enable the SBA.

[1] Zimmerle, D., Quinn, C., Quinn, J., Clark, M., & Volckens, J. (2020). Can

modi fications make el ectrieadp2®&EERIr e co
Global Humanitarian Technology Conference (GHTC).
https://doi.org/10.1109/ghtc46280.2020.9342947
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Introduction

Implementing a low-carbon economy requires fostering an energy transition
based on both centralised and decentralised renewable electricity production
and consumption. Considering new electricity infrastructure development, it is
relevant to understand how local environmental and social aspects affect local
actors. It is commonly considered that decentralisation increases benefits at
the local level, but the argument is under-researched, with limited evidence of
the related positive outcomes. Therefore, this work pursued answering what
aspects or criteria must be considered to claim positive sustainable
development outcomes in new electricity generation infrastructure?

This research assessed conditions, factors, and criteria in decentralised
and centralised new renewable electricity generation, indicating which ones
contribute to claiming local-level sustainable development benefits. It relies on
a comprehensive systematic review, as a solid common ground for further
evaluations and analysis. From the literature assessment, the following
analysis was raised.

In the last two years, there has been a significant increase in peer-reviewed
scientific production regarding the local effects of the energy transition,
especially the impacts of decentralization. The most relevant associated
keywords were idecentral i;fieenewablgg 0 enreirtgiye
fenergy transiti on A Nihersearphaentties sushsag s s |
Afener gy tr alocl denefitsd a MdEDBergy transition AND local
developmentd s howed | ess relevance.

The analysis approach of st akehol der s 6 engageme
electricity infrastructures is moving from fsocial acceptanceoto fenergy justiceo
perspectives. Energy justice needs to be added because it is a more modern
and very suitable approach to value effects on local communities (Mendieta-
Vicufa & Esparcia, 2022).

Additionally, energy communities, with local-level participation and
ownership, are being institutionalized in national-level policies, facilitating its
spread and recognition as contributing model to the energy transition.
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Especially in middle and low-income countries, energy infrastructures are a
binding constraint which may be a barrier or leverage of local transformations
and development (Andreoni et al., 2022). Therefore, criteria and factors are
necessary to assess how decentralization promotes benefits at the local level.

From the available literature Berka and Creamer (2018), offer a common
ground for setting criteria to claim positive sustainable development positive
outcomes. They provide several local impact categories and criteria: economic
regeneration (i.e., local procurement, earnings allocations, and local capital
investments source); capacity building and knowledge transfer; social capital
development (i.e., interpersonal networks, and trust); social support (i.e.,
ownership, and acceptance); access to affordable energy; environmental
literacy and ecological consciousness. These parameters comprise relevant
socio-economic and environmental aspects and may be used as a basis for
defining the proxies for local development assessment.

Other authors contribute with further perspectives, such as
intergenerational justice, and political autonomy (Andreoni et al., 2022). While
guantitative research is associated with economic parameters, qualitative
approaches bring deeper understanding and complements aspects related to
social and environmental outcomes.

Debate and Conclusions

Decentralisation is a defining feature of energy system transition, but local-
level outcomes is under-researched and offers a clear scientific gap. There is
not a consolidated literature or clear saturation of analysis and results.
Although the systematic review indicates an increasing interest, it a research
agenda that is not consolidated.

Finally, the fast energy transition must not take new infrastructures local
positive benefits for granted. Therefore, there is space for further research on
the parameters and conditions enabling new renewable electricity
infrastructure to drive sustainable development.

References

Berka, A. L., Creamer, E. (2018). Taking stock of the local impacts of community owned
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Introduction

For many years now, the number of deaths related to indoor air pollution
has stagnated around 4 million per annum worldwide despite the
implementation of several initiatives promoting clean cooking solutions. This
discrepancy between the field and impact reporting may be the cause of donor
fatigue the sector has been subjected to. In fact, in the fight for universal
access to sustainable energy access to electricity has taken the lion share
while access to clean cooking energy solutions has taken a back seat. Donors
and investors have increasingly favored financing for access to electricity
projects across Sub-Saharan Africa (SSA) though 82%! of the population
keeps using traditional three-stone stoves and firewood or charcoal as
opposed to 51.6%? lacking access to electricity.

Based on lessons learned in the field, clean cooking did not really scale-up
in the past decades in SSA due to three reasons:

1. Di sconnect bet ween donor so f ocus

cooking solutions leading to manufacturers focusing on thermal

efficiency to access funds rather than understanding end-c u st o me r

habits and needs through R&D and field tests.

2. A pessimistic messaging around the clean cooking energy challenge,
which actually suggests a lack of progress, hence discouraging further
investment.

3. Lack of capacity-building and innovation in terms of business models
specially to reach customers at bottom of the pyramid.

Reinventing clean cooking sectoral approach and ensuring adoption at large
will require:
Human-centered functional solutions that meet end-users needs
(household and institutional/commercial)
Local content, i.e., locally engineered and produced solutions at semi-
industrial and industrial scale.

1 https://data.worldbank.org/indicator/EG.CFT.ACCS.ZS?locations=ZG, viewed on 4
November 2022
2 https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?locations=ZG, viewed on 4
November 2022
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Generating data and knowledge to show progressand peak i nv
interest.

The Problem

In Africa, over 850 million people still depend on firewood and charcoal for
cooking. Traditional cookstoves and fuels lead to health issues especially for
women and children (respiratory, back, ophthalmological), additional pressure
on increasingly scarce forests, reduced time for education, income generating
activities and else (collect firewood and cook), security risks while collecting
firewood, increased GHG emissions, etc.

The Causes
Therefore, clean cooking is critical i n a holi st
|l iveli hoods and the environment. Qur

on access to energy projects and programmes at national and regional level
across West Africa and SSA led to identify 3 main causes why clean cooking
solutions are not mainstream yet:

1. The clean cooking sector did not manage to properly embrace innovation
while the electricity sector introduced 15t generation minigrids (4" today),
pay-as-you-go solutions for solar home systems or solar pumping irrigation,
etc. Thus, donors and investors shifted towards access to electricity (incl.
off-gr i d) to the detri ment of clean c
However, old cooking habits remained and still lead to the same negative
impacts for already vulnerable populations.

2ln addition, donors focus mainly on
Manufacturers, hence, put all their efforts into improving achieving the
highest tiers in terms of efficiency, in labs that are thousands of miles away
from the field / target customers. The cookstoves manufactured with
thermal efficiency and fuel efficiency as the sole success metrics reach
customers mostly when it is too late, and iteration are no longer possible for
cost or technical considerations. Customers usually receive these stoves
through different projects and programs though they do not use them in the
long run. In Mali during a field visit, we witness what looked like a cemetery
for institutional clean cookstove.

3. Alarming figures, that are rarely updated, are widely disseminated on indoor
air pollution-related deaths, deforestation, etc., aimed at shocking the
audience into action, but this, on the contrary jeopardizes attracting donors
and investors when the figures and message suggest the industry is
regressing.
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Conclusions

Access to clean cooking energy solutions has positive health, social,
economic and environmental impacts and can be widely adopted by:

Putting the customer at the very heart of any clean cooking technology
and fuel solution i from design to operation and distribution.
Promoting local content with locally engineered and produced
solutions.

Presenting a more positive and updated evolution of clean cooking to
attract donor and private sector investment.

Learn from other sectors such the off-grid solar industry to bring about
technical and technological innovations.
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Introduction

Opportunities to overcome the poverty trap in developing countries are proposed,
based on the spread of Open Source Appropriate Technology (OSAT) and
horticulture (garden culture). Examples of appropriate technologies are explained.
The proposals focus on Innovation Institutes and on urgently needed programs for
households and schools in developing countries. By spreading sustainable
household energy technology in developing countries, climate protection can be
combined with poverty reduction.

Conclusions

(1) Proposals of Open Source Appropriate Technology (OSAT)
Opportunities to overcome the poverty trap in developing countries are proposed,
based on the spread of Open Source Appropriate Technology (OSAT) and
horticulture (garden culture). Examples of appropriate technologies are explained.
The scale of the task can be estimated by assuming that 200 million households
in developing countries need a transition to OSAT. An installation in the order of
1 kW output per home results in a total of about 200 GW. This corresponds to the
capacity of approx. 200 nuclear power plants. The required jobs can be financed
if they focus on appropriate technology and horticulture, because the effort is only
a few percent or per thousand compared to capital intensive industrial jobs.

2) Tasks of Innovation Institutes in developing countries

Innovation Institutes in developing countries should take over the development and
dissemination of appropriate, sustainable, freely accessible technology, i.e. Open
Source Appropriate Technology. A large number of branches of the Innovation
Institutes should ensure that every young person finds training or a job

(3) Escape the poverty trap
The proposals focus on Innovation Institutes and on urgently needed programs for
househol ds, small businesses amRdbilfoohool
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people cook and heat with energy from biomass, i.e. wood, charcoal, dung or
agricultural waste. In most African countries, around 90 percent of households
cover their daily energy needs with biomass. In rural areas, biomass is usually the
only available source of energy. Cooking at traditional fireplaces leads to extreme
smoke pollution due to inefficient combustion. Women and children in particular
therefore suffer from respiratory diseases. Every year, more than 1.5 million people
die as a result. In addition, deforestation leads to erosion and desertification of
entire regions and fuel becomes scarce.0 Source: GIZ: Poverty-oriented basic energy
supply: https://www.giz.de/expertise/html/60161.html

By spreading sustainable household energy technology in developing countries,
climate protection can be combined with poverty reduction. Global cooperation
makes it possible to meet demanding climate targets and to help poor households
worldwide to overcome the poverty trap.

4) Examples of Open Source Appropriate Technology (OSAT)

An example of a transition from a poor technique to an appropriate solution is the
replacement of the traditional laborious open fire (s. photo) or charcoal braziers
through OSAT. The annual fuel wood consumption per household of more than
4000 kg (open fire) resp. more than 8000 kg (for production of charcoal) used in
braziers can be reduced to about 400 kg per year by using an efficient firewood
stove, thermos and solar energy. The Ben-stove is used as an example of a wood
stove that meets the OSAT criteria. A large number of firewood stoves are known,
s. https://cleancooking.org/ and http://aprovecho.org/publications-3/, the suitability
of which should be checked by the Innovation Institutes in the respective
environment. The use of the thermos technique e. g. for cooking dry beans (a
staple food in many regions) is a little-known opportunity; it can save several hours
of active cooking time per meal. The versatile SK parabolic solar cooker is suitable
for sterilizing large amounts of water, for cooking, baking and for preserving of
food.

(5) Overcome the firewood crisis

Thanks to OSAT trees no longer need to be cut down for fuelwood or charcoal. If
poor households are empowered to stop deforestation and switch to sustainable
energy supply, greenhouse gas emission equivalent to a car ride the length of the
equator per household will be saved annually and a wealth of benefits will be
gained to overcome extreme poverty through saving expenses and generating
income.

(6) Horticultural opportunities; spreading of garden culture

Through gardens and garden settlements, millions of jobs can be created. Garden
culture has a great history and appears as an inspiring, groundbreaking innovation
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that offers solutions for global challenges, including improvement of degraded
soils. Every household should have access to a family garden and the younger
generation should have the opportunity to become gardeners. Garden culture can
prevent the growth of slums. Instead of refugee camps and "reception centers",
exemplary sites are needed to provide people better prospects, when forced to
leave their homes.

7) Evaluation of saving emission of greenhouse gases

By equipping poor households with appropriate sustainable technology, more than
4 tonnes of CO: can be saved per year per household. With 200 million
households, this corresponds to savings of in the order of magnitude of one billion
tonnes of CO: per year, which is in the order of Germany's total annual emissions.
At a price of 30 euros per tonne of CO2 and a saving of 4 tonnes of CO2z per
household and year, the compensation results in annual revenue of 120 euros. As
a rough estimate, it can be assumed that the depreciation period is 5 years and
half of the proceeds are used to purchase the equipment. Then the investment
costs for this equipment can amount to 300 euros per household. With these
investment funds, an efficient biomass stove, a powerful solar cooker, thermos
technology and a small PV supply for households can be financed, causing a
sustainable improvement in living conditions.

For an explanation of the needs and opportunities for voluntary offsetting of
emissions, we refer to the book by F.J. Radermacher: The Billion Joker - How
Germany and Europe can revolutionize global climate protection. Murmann
Publishers (2018; in German). With regard to the implementation of projects to
offset greenhouse gas emissions, we refer to the "Alliance for Development and
Climate". The foundation promotes non-governmental commitment while
promoting sustainable development and climate protection, s.: https://allianz-
entwicklung-klima.de/en/

(8) Participation of the educational system

In a solar cooker program, young people can practice how to produce components

of solar cookers and how to assemble them. Developing devices for cooking by
retained heat (fAfireless cookingo) is a
in schools. Possibly the greatest potential for the required large number of
apprenticeships and jobs provides the spread of garden culture.
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Introduction

Concessional consumer financing (CCF) is a public funding mechanism
used to address affordability through offering zero or low-interest loans to end-
users, often over extended repayment periods. CCF has a long track record in
the energy sector in the Global North but has not been widely deployed in the
Global South. The report identifies a range of CCF delivery models which could
be adopted in energy access settings and positions CCF as a potential new
tool in the toolbox of public funding interventions. The report is for
governments, aid agencies, foundations and programme implementers
interested in exploring how CCF can be used to overcome affordability
constraints and help to achieve Sustainable Development Goal 7 (SDG7).

Key findings

The report evaluates different CCF models to provide affordable access to
finance for people with low incomes to purchase energy efficient products. The
CCF models explored in the report include financing through energy service
providers - including utilities, mini-grid developers and pay-as-you-go (PAYG)
companies, and financing through third parties i including development banks,
microfinance institutions and non-profit organisations.

Based on the models explored, providing CCF via PAYG was identified as
having the greatest potential to contribute to universal energy access in sub-
Saharan Africa. The authors used the 2022 Off-Grid Solar Market Trends
Report! methodology and datasets to demonstrate the impact of concessional
consumer financing on affordability of PAYG solar systems across Sub-

1 LightingGlobal/ESMARGOGLAEfficiencyfor AccessQpenCapitalAdvisors2022.Off-Grid
SolarMarket TrendsReport2022: Stateof the Sector Washington DC:World Bank.
https://documents1.worldbank.org/curated/en/099235110062231022/pdf/P175150063801e086
0928f00e7131b132de.pdf.
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Saharan Africa. The model compares traditional PAYG with three CCF
scenarios including a 0% working capital facility for on-lending, a 0% consumer
loan over a typical repayment period and a 0% consumer loan over an
extended repayment period. As shown below, affordability of Tier 1% products
and above in sub-Saharan Africa could be dramatically improved, particularly
with extended repayment periods. The report also includes a case study of
Malawi, to demonstrate the potential impact of CCF on reducing the
affordability gap in a country with low electrification rates and relatively low
ability to pay.

Percentage of households thatcan afford OGS PAYGo product
0% 20% 40% 60% 80% 100%

PAYGo 12-month

0% working capital facility

(3-11Wp)

0% consumer loan

Multi-Light & Charging

0%, 5-year loan

PAYGo 18-month

=)

% working capital facility

SHS
{11-21 Wp)

0% consumer loan

0%, 5-year loan

PAYGo 24-month 0%

0% working capital facility 0%

Basic SWP

0% consumer loan 1%

o 50%
0%, 5-year loan 389 52%

affordable affordable at astretch W unaffordable

SHS (50-100 Wp) /

Conclusions

The authors conclude that CCF has the potential to be an attractive solution
to affordability barriers in energy access. There is a need to further pilot the
CCF mechanism in energy access settings before it can be rolled out at scale.
CCF pilots could either be integrated into existing energy access programmes
or designed as stand-alone projects. CCF could be used to accelerate uptake
of arange of technologies, including solar home systems and solar generators,
as well as both domestic and productive use appliances in grid, mini-grid and
off-grid settings. It could also be combined with end-user price subsidies to
reach the most vulnerable households.

2 ESMAP. 2022. Muffiier Framework for Energy Accesstps://www.esmap.org/mtf_multi
tier_framework_for_energy_access.
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Introduction

A conclusion that emerged during the debriefing for the MDGs was the
dearth of market force, commercialization, and cohesive incentives, in the
pursuit of what were otherwise lofty goals and sound purpose. The architects
of the SDGs recognized the deficiency, and when the 17 SDGs were adopted
by the international community in 2015, a prominent and necessary role was
ascribed to commerce, business, demand drive, aspiration, grass roots
activists and local agency. In 2014 Bethel Business and Community
Development Centre joined Soltrain 1l as the lead agency responsible in
Lesotho. Soltrain is a wide ranging solar thermal energy program led by AEE
Intec and the Austrian Development Agency. BBCDC continued serving as
the hub for Soltrain activities in Lesotho from 2014 to 2022. BBCDC grew its
presence in the solar thermal sector both institutionally and commercially
during this period. This positive experience will bolster local, regional, and
international efforts to scale up capacity and transition for renewables.
Lesot hoods devel opment al matri x i s
leverage its early technical and institutional experience with solar technology
to build markets, capacity and skills with a range of solar thermal products and
processes.

Summary of results:

Bethel Business and Community Development Centre (BBCDC) is a
registered technical school in Lesotho. It is located at Bethel Mission in the
Mohales Hoek District. In 2000 BBCDC set up a solar energy company as a
commercial subsidiary under the registered trademark Solarsoft. It is located
in Mohales Hoek, Lesotho.

Prior to Soltrain, BBCDC/Solarsoft was operating a fledgling solar business,
importing less than 20 SWHs/year from South Africa and dealing in basic
technology. Through Soltrain, BBCDC/Solarsoft grew market share and
imported a container of SWHs from China in 2018, which was followed by 5
more, including 2 in 2022. The range of imports included 100 i 150 litre low
pressure models, and 150- 200 litre high pressure models. The latter included
efficient close coupled evacuated glass tubes with heat pipe technology.
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These are quicker to install, perform better, and require less maintenance.
The low pressure SWHs are easy to install and suited to local market
conditions due to their low cost. The market and industry for low pressure
SWHs reflects commodification, which means little product differentiation, high
volume and lower costs, with several arteries emerging in Lesotho for
distribution, installation and service.

Through Soltrain, hundreds of individuals, dozens of companies and
numerous energy related institutions and organizations were nurtured on solar
thermal science, economics, technology and industry. Soltrain program
activities included technical training, workshops, fairs, media events,
conferences and exhibitions. The expansion of roof top solar water heating
systems in Lesotho is undeniable and Soltrain provided thrust and direction.

Since 2014 solar technical programs at BBCDC accelerated and gained
traction, and at the same time employment, technical skill, infrastructure and
capacity grew at Solarsoft in Mohales Hoek

Fig. 1: Solarsoft in Mohales Hoek, Fig. 2: Soltrain technical tour in
Lesotho. Mohales Hoek, June 2022.
References:

Final Report SOLTRAIN i Phase IV Southern African Solar Thermal Training and
Demonstration Initiative Project: OEZA-Vertrag 2608-00/201
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Large-scale deployment of Solar Water Pumps (SWP) has the potential to
provide India with a sustainable alternative pathway to agricultural productivity
and income growth through improved irrigation. A key target of the
Government of I ndia under the flndi

double farmersé income by increasing

the potential to emerge as an efficient and sustainable solution for the
agriculture sector in India. Even as KUSUM is getting rolled out as a flagship
national scheme, it is critical to ensure that the business case, market
ecosystem and operational mechanics of the solar pump product itself are well
established. This is particularly critical given that growth has been slower than
targeted (even when subsidy levels have been fairly high). Hence, there is a
need to design interventions i in terms of financing, policies, business models,
etc. to deliver on the targets and opportunities catalyzed by the KUSUM
scheme. The presentation will showcase such business plans and
investable options which can be replicated for other productive use
technologies.

I Business Model for Installation of SWP

Local institutions that can
aggregate demand for SWP

eat w9 BEE
- H fad

Final end-users

Technology and
finance

End use Incentive 8

Learnings from the program

a

As we are stildl in the implementatic

impact of the program, however early learnings and findings from the program
indicate that the end use incentives have enabled local financial institutions to
lend for SWP. This has enabled adoption of PURE technology- in most cases
their first lending towards PURE technology. The program is expected to
catalyse loans of approx. INR 15 million towards deployment of SWPs.
Through the program, we have established relationships between financial
institutions and suppliers that will provide continuity for PURE. At least three
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agreements are expected to be signed between financial institutions and
suppliers and for the first time all these entities are coming together for a clean
energy program, resulting in their capacity building towards PURE technology.
End use incentives provide an innovative mechanism for inducing enabling eco
system evolution that will support PURE scale up. Through the incentive
framework, our objective is to induce behavior change which is expected to
result in water use efficiency, increase productivity and income through
diversified crops, increased number of cropping cycles, improved agricultural
methods and adoption of micro irrigation amongst others. The program offers
a market-based approach for price discovery and allows for the inclusion of
social impact credits that can be marketed as a social impact bond to secure
livelihood, inclusion and other social impact within climate goals. Based on the
learnings from the pilots under the program, we will build a scalability plan for
the program. One of the key learnings was that the program duration should
be longer for the implementation of the incentive program. Longer program
duration enables incentives to be spread over a longer period of time, thereby
influencing the behaviour and understanding its correlation with desired
impacts such as impact of crop diversification and adopting good agricultural
practices on the income of farmers.

An awareness meeting with the farmers at Kanker,
Chhattisgarh

Analog meter was
installed to monitor the
water flow to insure
water efficiency

Focus Group Discussions were conducted with farmers for awareness about the program

CLASP Team at the grassroot partner’s office in Rajasthan. Preparing the incentive criteria
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1. SUMMARY

A CLUSTER THAT CONGREGATES STAKEHOLDERS DRAWN FROM THE
ACADEMIA, GOVERNMENT AND POTENTIAL MANUFACTURERS AND
USERS OF SUCH SYSTEMS, BASED ON THE TRIPLE-HELIX APPROACH
PROPOSED BY MICHAEL PORTER, IS PRESENTED. THE INTEREST GROUP
HERE RELATES TO SOLAR THERMAL. THE KEY IDEA IS TO CONSOLIDATE
THE COUPLING BETWEEN THREE HELICESAS FOLLOWS: (1) POLICY
MAKERS AND ADMINISTRATIVES FROM THE ENERGY, TRADE AND
ENVIRONMENT CONCERNED MINISTRIES, (2) RESEARCHERS FROM
VARIOUS ACADEMIC AND RESEARCH INSTITUTIONS, AND (3) PLUMBERS,
METAL AND HYDRAULIC INDUSTRIES, HOSTELS, SCHOOLS, HEALTH
CENTRES, HOSPITALS, OFFICE BUILDINGS, RESTAURANTS, HOTELS, CAR
WASHERS, LAUNDRIES, BREWERIES, FISH FARMS AND RESORTS
LOCATED IN ISLANDS WHERE THE NATIONAL GRID MAY HARDLY REACH.

KEY WORDS: SOLAR THERMAL, CLUSTER, SWH

2. INTRODUCTION

Mozambique has no formal culture of hot water heating through solar
energy, although isolated initiatives may be identified in some households,
particularly in new buildings of above average income citizens. Trade,
assembly and installation of Solar Thermal occurs in unregulated manner, with
no verification of standards, no formal tax policies in place for the imported
components and no incentives for possible local production of components.

3. PERCEPTION ABOUT SOLAR THERMAL TECHNOLOGY

Solar Thermal Technology is ill understood by a large segment of
population in Mozambique. Commonly, after a workshop, course or seminar,
the gener al guestion appearing from t
by batteries. .. 0 iBFRigureltdétadingshptdatdriesrmayr e v
be required to power the water pumps in the case of forced systems. Questions
still follow in connection with batteries (including questions from some
administrative or policy makers!) when delivering seminars and other activities.
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Cluster of Solar Thermal Systems
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Figure 1: Sample figure used in Figura ﬁ The Trlp:je]—(HeIrl]x
courses and seminars approach suggested for the
Mozambique Solar Thermal

Cluster

4. CLUSTER IN SOLAR THERMAL TECHNOLOGY IN
MOZAMBIQUE

Figure 2 depicts a triple-helix approach, which constitutes the key for a
cluster development. Helix 1, is comprised by the Society (plumbers,
electricians, welders, NGOs, ...), Helix 2, the Academy (Polytechnics,
Universities, Vocational Schoals, ...) and Helix 3, the Government (Ministries,
Public Sector, Administrations, ...). The intersection of the Helices makes up
the so called Facilitators, the movers of the collaborative planning and
execution of activities.
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Introduction

Most people lacking adequate access to electricity live in Sub-Saharan
Africa, predominantly in rural areas [1,2]. One technology for promoting
decentralized, community-based energy as means to tackle energy poverty is
agrivoltaics. Agrivoltaic systems have the potential to offer advantages over
conventional PV applications due to dual-land use (agricultural activities and
solar energy generation on one piece of land) [3]. Yet, the sustainable success
of renewable energy (RE) projects of any kind is not a matter of course, but
rather stands and falls with the support of all actors involved in energy
transition [4]. However, many challenges and risks exist that impede
sustainable energy project implementation on a community level [4]. In the
APV MaGa project, the first agrivoltaic systems in West Africa will be built.
Within the project, risk factors for developing a community-based agrivoltaic
project in The Gambia were qualitatively assessed and ranked. Aim of our
presentation is to present and discuss results from our project-internal risk
assessment and provide some potential risk mitigation strategies. The
underlying methodology involves insights from a local site assessment as well
as a qualitative assessment approach from within the project as well as with
experts from a business perspective in The Gambia. Results show that in the
context of a rural electrification project on a community level many risks
become highly relevant. From planning to long-term functioning, we identified
several risks that were grouped into the categories timely, external,
operational, community-related and individual risks. Especially timely risks,
such as delays in ordering procedures, and community-related risks, such as
unclear land rights and lack of commitment were estimated to be of high
importance. Thereby, our findings place the importance of people-centered
approaches accounting for social structures and dynamics in international
projects on an equal level with economic considerations.

Results
Results show that in The Gambia, land rights as well as delays during
ordering, shipping and construction were considered to be relevant risk factors.
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From external risks, theft of technical components, unclear definition of land
rights and vandalism were estimated as relevant issues that need to be
considered when planning an agrivoltaic project in The Gambia. On a
community-level, a lack of participatory action and planning according to the
needs of the communities was regarded as highly problematic, potentially
leading to a lack of interest in the agrivoltaic system and a cold storage. Also,
the willingness-to-pay will depend greatly on what is considered as affordable
and it must be taken into account, that income is not considered on a regular
basis. Expansion of agricultural use may be delayed if communities provide
funds for new barriers or fencing to prevent livestock entry; if funds are not
available or there is a lack of implementing contractors, expansion may not
occur. Some sites that were visited had faced challenges in reinforcing their
fence/ barrier and as a result hindered their production. Lastly, additional risks
on a community and individual level are a lack of interest in training for
contributing to maintenance of the systems as well as lacking commitment to
the system and associated economic activities in the long-term. This holds
especially true for an agrivoltaic project comprising multiple horizontal
innovations (different productive uses of energy).

Conclusion

Risks associated with agrivoltaics go beyond those of other RE projects, as
they comprise the additional dimension of agriculture affecting wider social
practices of individuals and communities. The increased complexity of
agrivoltaic projects for community energy challenges the overall advantage of
agrivoltaics over other RE projects. However, if planned and implemented in a
people-centered approach leveraging long-term community involvement and
responsibility, agrivoltaics display a huge potential to combat energy poverty,
negative consequences due to climate change and increase resilience of food
systems.
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Introduction

Solar photovoltaic (PV) based mini-grid systems are ideal solutions for the
supply of clean electricity in areas where the electricity supply is erratic or
inadequate. About 14,000 mini and microgrid systems installed in India are
operated and maintained by the government, companies and not-for-profit
organisations. However, no critical analysis has been carried out in India as
yet to identify operational challenges based on field performance. The
objective of the present study is to investigate the performance of PV-based
mini-grids to ascertain technical design, system utilization, and consumer
requirements and identify the potential barriers, and technical and operational
challenges. In this study technical and management concerns related to six
functional mini-grids of capacity 15 kW to 19 kW in the Indian state of
Jharkhand, are presented. A detailed analysis is carried out considering sizing,
system utilization, operational and maintenance (O&M), safety, and plant
management. required skill and training of manpower. These issues are then
compared with different developer types. The mini-grid user feedback survey
results are also carried out. The study shows that operational and commercial
success of mini-grid projects can be achieved through optimal system design
and utilization, effective operation and maintenance and addressing technical,
commercial and social issues.

Study of functional mini-grid projects in India

The objective of the study was to investigate the performance of functional
PV-based mini-grids to ascertain technical design, system utilization and
consumer requirements and identify the potential barriers, and technical and
operational challenges. Extensive data collection and detailed analysis have
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been carried out for six functional mini-grids in India operating within a 100 km
x 100 km area with similar geoclimatic and topography conditions to address
some of the critical gaps in understanding with regards to the performance of
the mini-grids and customer satisfaction from energy services. Six mini-grids
for this study were selected from a database of 2172 mini and micro-grid
projects installed during the period 1996 to 2019 by government agencies,
private companies and NGOs in India.

Conclusions

In this study the operational challenges faced in the functioning of
photovoltaic-based mini-grid power plants in India are presented along with a
case study of six mini-grids is presented. Based on the study results following
conclusions are drawn :

The overall system utilization and services can be substantially improved in
the mini-grid projects developed by government agencies / NGOs. At present,
utilization of solar power generation is 18% to 42% in the mini-grid systems
developed by government agencies and NGOs when solar radiation is lowest
in the month of July. There will be a considerable surplus of solar energy during
the months when solar radiation is higher. Similarly, utilisation of battery
capacity (7% to 16% at present) and inverter capacity (8% to 16% at present)
can also be substantially improved by allowing the use of essential electrical
appliances and productive loads in a controlled manner in government and
NGO operated mini-grid projects. The primary reason for under-utilisation is
the limited use of a mini-grid with restricted loads and restricted time of use. It
is evident that these systems can be further used to provide extended
electricity services to the current consumers including supplying electricity for
productive loads.

Another approach for maximum system capacity utilization and reliability of
power supply is configuring a hybrid system using a diesel generator which is
used in the mini-grids developed by private ESCOs. In an optimally designed
mini-grid, diesel generators will have minimum operating hours but will ensure
the highest reliability of power supply and ensure longer life of the batteries.

The sustainability of mini-grid projects largely depends on optimal system
design, effective operation and maintenance, management of technical,
commercial and social issues, and above all user satisfaction which is primarily
driven by access to reliable electricity, ability to operate essential electrical
appliances and access to electricity for income generating activities.
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Introduction

Mini-grids have the potential to deliver electricity access in remote rural
areas. However, many projects are not successful. This paper draws on
interviews, focus groups and participatory activities from 6 communities
with minigrids in Tanzania. | have used a socio-technical systems
approach to identify different ways communities and companies perceive
the success of these projects. | have identified experiences with the
national grid and interactions with the minigrid company as sources of
communi t i es 6 ofesMcpessc Wnderstamdimg these issues can
lead to improvements in future projects.

Evaluation approach

| have used a social, technical, economic, environmental, and political
approach (STEEP) to analyse the success of six minigrid projects. | have
found the minigrid companies focus their perceptions of success on techno-
economic factors, such as the number of connections and the reliability of
the system. Communities had a much broader idea of success, and were
more open to talking about the failures of projects.

Expectations of success

Projects not meeting communitieso

reason for their perceived failure. | identified two main sources of these
expectations: experience with the national grid, and interactions with the
minigrid company. From experience with the national grid, communities
expected to have an affordable supply that would be able to power all
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appliances. This led to them considering the cost and models of tariffs and
the capacity of supply as failures. Comparison with the national grid also
led to perceived successes i such as minigrids being more reliable than
the national grid in rural areas. They also had expectations that the minigrid
would bring more community benefits, such as street lighting.

Conclusions

I conclude with recommendations for practitioners and policy makers on
how projects can be delivered more successfully. Increased community
participation at early stages of project planning would enable projects to be
delivered alongside services which meet their needs. To do this, projects
also need to be delivered in collaboration with other development actors in
the community. The cost of solar minigrid tariffs was a major issue across
projects, so further work is needed to look at how subsidies can be
provided. Minigrid practitioners need to have clear and upfront information
I particularly around tariffs and costs, as well as open channels of
communication with communities.
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Introduction

Recent advances in decentralised renewable electricity systems have
undermined long-held assumptions that electricity access and rural
electrification can only be achieved via the extension of the national grid.
Renewable energy and solar hybrid mini grids are being promoted as one low-
cost option to meet Sustainable Ener
energy access by 2030 because of their potential to connect low-income, rural
and/or dispersed communities for whom the cost of extending the main grid is
considered too expensive. As we discuss in relation to four countries in sub-
Saharan Africa: Kenya, Tanzania, Nigeria and Senegal, in recent years new
private sector actors in renewable energy mini grids have emerged, marking a
shift away from large-scale diesel or hydro mini grids run by government
utilities, and small-scale mini grid development previously led by bi-lateral
donors and community organisations on a project-by-project basis.

However, there have been considerable governance and regulatory
challenges to the development and deployment of renewable energy mini
grids, which has often taken place in the absence of national regulation rather
than because of it. Moreover, some state-owned electricity utilities and
associated institutions have been resistant at once to new private sector actors
and decentralised systems. Meanwhi | e,
definition and is simultaneously associated with energy access as well as
productive use, despite the often-competing objectives of these end uses. We
unpack some of these dynamics through an extensive desk-based study of
grey and academic literature and a regulatory comparison of the four case
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study countries. Building on scholarship from development and energy
geography, we argue that a more granular analysis is needed to account for
the complex and evolving processes of electricity decentralisation in low- and
middle-income countries.

In exploring evident tensions between state and private sector ownership
of the electricity sector, centralised and decentralised systems, and priorities
for energy access and productive use we find that there has been an ambiguity
and/or a resistance by state-owned utilities and other government institutions,
towards mini grid development. On the one hand, national regulatory
frameworks and policies for private sector mini grid development are being put
in place by government institutions responsible for energy, particularly the
regulator. On the other hand, there is still a strong national political discourse
regarding the extension of the electric grid and support to the centralised utility.
Such tensions are enhanced by multiple and often overlapping processes and
institutions, at once for power sector liberalisation and the introduction of mini
grid regulation, and between whom coordination is not entirely clear. This
confusion has contributed to the regulatory uncertainty which appears to have
discouraged investors in the case study countries.

A further challenge for the deployment and development of mini grids is the
absence of a tariff structure that is deemed acceptable to investors,
developers, the government and consumers. Relatedly, the extension of the
centralised grid to areas in which mini grids have recently been installed is
generally seen as an investment risk for developers rather than an opportunity.
A key reason for this is often limited clarity on the status of mini grids which
have been installed in areas where the centralised grid may later arrive.
Predictions regarding the assumed future cost competitiveness of mini grids
with conventional grid-based generation may need to consider that thus far,
rural electrification efforts have for the most part been heavily dependent on
some kind of public subsidy.

Therefore, despite their potential, mini grids are not necessarily the
panacea for energy access that they are often promoted as. The deployment
of these new technological configurations faces a variety of technical,
economic, political and social challenges. While some of these challenges are
specific to the countries in question, others are common across contexts. A
deeper political economy and critical governance focus could therefore be
brought to bear in order to understand rapid technological changes for
decentralisation within the messy politics of electricity sector reform.
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Introduction

Only around 13% of the population in Papua New Guinea (PNG) has
access to grid-connected electricity. The government has made a strong
commitment to revert this situation and has set the ambitious target of reaching
an electrification rate of 70% by 2030. It is very likely that these communities
will gain access to electricity through off-grid options rather than be connected
to the national grids. Under the UNDP-financed FREAGER! project, Trama
TecnoAmbiental (TTA) led the preparation of the Papua New Guinea Off-grid
Regulation for Small Power Systems.

Key Features
Some key innovations of the PNG Off-Grid Regulation include but are not
limited to:

1 Focus on small projects. The regulation includes an upper generation
capacity threshold of LMW which covers a good part of the off-grid projects
to be implemented in the country. This allowed the introduction of several
light-handed regulatory features that could hardly be extrapolated to larger
and more complex projects.

1 Streamlined application procedures. The regulation offers two
application procedures, namely: (i) Registration, and (ii) License.
Registration can be used for projects located outside of the Distribution
Licenseebds excl us-oltagdsyandnat seekjng axdusive g
retail rights. All the others shall pursue a License. Different measures have
been implemented to minimize bureaucracy such as the silent procedure
(registrations can be deemed approved if the regulator does not respond
within 30 days) or t htaiffsywhighwhlyaappties o s
projects seeking a License, but not in the case of Registration.

1 Administrative procedure differentiation based on voltage level as
opposed to installed capacity. One of the key requirements to apply
through Registration is to only use low voltage (LV) within the Service Area.

1 The Facilitating Renewable Energy & Energy Efficiency Applications for
Greenhouse Gas Emission Reduction (FREAGER) is a project implemented by the United
Nations Development Programme (UNDP) and financed by the Global Environmental
Facility (GEF).
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Willing buyer-willing seller tariff setting. In terms of tariffs, they can be
set freely between developers and communities and formalized in the
Community Agreements (regulation-by-contract) under a willing-seller
willing-buyer approach.

Not limited to mini-grids. Projects can include a combination of
electrification approaches to electrify the community based on the local
needs, including mini-grids, stand-alone systems, or solar kiosks for
instance.

Output-based regulation. The regulation characterizes the requirements
for the service to offer but not how to attain them. From a technical
perspective, the regulation is technology agnostic. In addition to the
flexibility in the electrification approach (previous point), the regulation does
not prescribe specific requirements regarding source as far as it is primarily
renewable (solar, wind, hydro, biomass, etc) and does not restrict the use
of AC or DC currents or any specific service voltages, for instance.
Incorporation of appliances. The regulation facilitates the option to
Service Providers to incorporate indoor wiring and appliances as part of
their service

Incorporating Electronic waste. Electrification comes with the generation
of a new stream of waste for the community which is very often neglected.
Under the new regulation the Service Provider will be responsible for the
collection and safe storage of all Waste Electrical and Electronic Equipment
(WEEE) generated within the Service Area

Service Area. Service Areas are the geographical areas in which the
Service Provider offer their services, and apply all of the above-mentioned
points. Only licensed Service Providers have exclusive retail rights, and
these only last for the duration of the License.

-Grid

Comnighe s 3521 o Tecnammiboa S4. {7Taf G S Sernzo Arc, Wavaron, AN cghiswcacrva

Example of Service Area under the PNG Off-Grid Regulation for
Small Power Systems
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Introduction

"Scaling Solar Hybrid Minigrids: An Industry Roadmap" identifies the key
characteristics needed for the industry to achieve sustainability and scale. It
also selects the appropriate metrics and timelines for scale, which if met will
ensure the achievement of Sustainable Development Goal 7 (SDG7) 1 access
to modern, affordable, reliable and sustainable energy for all by 2030.

The roadmap highlights the foundational role of energy access and
minigrids in achieving global development goals. It lays out the current barriers
to scale and sustainability, and introduces an achievable path to overcoming
those barriers, and to unlocking the industry& full potential.

The roadmap reached several important conclusions on what actions are
required by 2030 for the industry to scale and to be bankable, with a focus on
cost, demand, quality of service and rate of deployment. A summary follows:

Key success metrics need an overhaul:

To date, the industry has used cost per connection (CPC) to measure cost.
The roadmap recommends instead basing that metric on levelized cost of
energy (LCOE), the energy industry standard. In addition, average revenue
per user (ARPU) and Capacity Utilization Factor (CUF) should be used as
indicators of demand,;

Costs must come down significantly:

The industry should target a $0.20 kWh cost for electricity if it is to both
scale and offer customers affordable power, which means a significant decline
from current industry average costs.

Demand must go up significantly:

Developers need to shift from a pure utility model to an energy services
model, with a focus on increasing ARPU and CUF. This could include
introducing appliance sales for households and businesses, and identifying
and aggregating productive use off-takers. ARPU and CUF must increase by
the end of the decade for industry viability;
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The industry needs companies with scale:

In most industries, 3 companies typically account for 80% of market share.
The minigrid industry is currently made up of dozens of companies with
minimal scale. To achieve industry targets, 10 companies with 10 times the
highest current annual construction capacity are needed.

Market segmentation is out-of-date:

Instead of defining markets by country, segmentation ought to be
determined by community type, which considers key socio-economic factors
at the local, not at the national level. Three market types are identified:
commercially viable markets, bridge markets and concessionary markets.

Service must out-perform the grid, but not at the expense of viability:

Many minigrid developers still fail to provide service and quality that is better
than the grid. Up-time is already at required levels, but response times for
service disruptions must be cut by two-thirds.

Roadmap download link: http://bit.ly/3XzIC6U

Market Segmentation of Minigrid Industry in Africa

Concessionary Markets Bridge Markets Commercially Viable Markets
= Not viable without grants « Need grants for bridge pericd * Grants not needed, but helpful for
+ No roadmap to profitability only, 3-5 years. 18-24 month scaling period
* Serving most difficult markets ® Clear roadmap to profitability « Profitability at 40-80 sites/country
= Focus on households * Serving marginal markets * Serving stronger markets
* Metrics used: * Focus on MSMEs & households * Focus on MSMEs, factories,

o $/connection and number * Metrics used: institutions & households

of beneficiaries o commercially viable metrics * Metrics used:

o LCCE<$0.30/kWh
© ARPU > $10/customer
© CFU > 50% utilization

"Perpetual grant model" "Bridge to viability model" "Working minigrid model"

© Husk Power Systems 2022

World Bank' or Industry® Proposed Roadmap
2020 2026 2030 2026 2030
MINIGRID VS. OTHER ELECTRIFICATION MODALITIE
Sustainability
(-] Viable Business Model
Local Scale (minigrids/country/developer)’ 10 a0 80 100 a00
RO® -neg- o% 5% % %
Solar
Lanterns Cost - LCOE ($/kWh) $0.30 $025  $020 s023 sar
Base Captn (8/watt) $250 270 $250 $225  $200
wh soz0 S0l $o15 so1s soxz
$100  S075 3050 s050 5025
8450 $325 $200 $200 $100
Cost
C Quality (24/7)
Uptime® L 29% 95% 7%
° Response Time (average) 6hra 3hrs. 2hm. 2hrs. 15hrs.
SHS
Demand
Extend ARPU (aver 8 s8 10 $10 sz
Grid Load Facio o) 25% 5% 45% 50% o5%
Scale
Main Grid
Scale - Rate of Deployment
[} [ - [~} Qo Install Time (wooks) 7 & 5 4 25
Throughput (mingrics/year W0Ofyr. 280y T8Ol 600jyr.  1800/yr.
Quality ug

© Husk Power Systems 2022

121


http://bit.ly/3XzIC6U

Impact of Awareness and Training on Solar Thermal
Technology Uptake: Case Study Zimbabwe

Samson Mhlanga, Blessed Sarema, Albert Mnkandla
and Gilbert Munhuwamambo
National University of Science and Technology, Bulawayo, Zimbabwe
samson.mhlanga@nust.ac.zw

Introduction

The Southern African Solar Thermal Training and Demonstration
Initiative (SOLTRAIN) project has been in existence in Zimbabwe since the
inception of the project in 2009. During the first phase of the project
Zimbabwe was represented by SunDrum, a very prominent company that
is one of the pioneers in the implementation of solar thermal technologies
in Zimbabwe. In 2012, the National University of Science and Technology
(NUST) joined the drive for Solar Thermal Technology uptake, starting with
training in Pretoria by one of the members. This marked the entry of NUST
as a beneficiary into the SOLTRAIN project in 2012. NUST partnered with
SunDrum and AEE Intec on building awareness and training around solar
thermal technologies in Zimbabwe and later became the SOLTRAIN
partner in the country. This paper enumerates the history of SOLTRAIN
project in Zimbabwe focusing on awareness and training as the tools that
impacted the solar thermal technology uptake. A stock of the major
milestones achieved from 2012 to 2022 is presented. The focus being on
awareness and training were more than 50 training courses have been
delivered, targeting the installers, quality controllers and designers. In
these sessions in excess of 400 participants have been trained among
them youths and women. Some academic programmes have been
developed in the country during this time, owing to the work done by
SOLTRAIN. More than 5 fairs were attended by the partners to improve
awareness. The tools used for awareness have also evolved public
lectures and demonstrations on the trailer over this time from exhibitions to
social media platforms and radio. A review of the number of companies that
have been established for solar thermal installation and solar thermal
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design and manufacture since 2012 to 2022 is also given. The solar
thermal market continues to show potential for collaboration in Zimbabwe
with migration towards designing and installation of large industrial
applications such as Brewery and Tea drying.

IMPACT OF AWARENESS
& TRAINING ON SOLAR
THERMAL IN ZIMBABWE
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Introduction

Increasing access to clean and modern energy has been identified as a
development priority for sustainable development in the SDG7. The
Government of Mozambique has put forward an ambitious target of electrifying
the entire country by 2030 through a mix of technologies, such as grid
extension, mini-grids and solar home systems. The official rate of access to
electricity amounts to (only) 44% of the population at the end of 2022.
However, the binary categorization of households as electrified or not
electrified proves limiting in the context of a developing country such as
Mozambique, which suffers from high levels of energy poverty, differentiated
alongregonal , gender and class |ines. 4t
Tier Framework (MTF) on Energy Access, which categorizes energy users in
6tiers6 from O to 5 depending on the
building exercise in Mozambique.

This contribution reports on this first experience with the MTF in
Mozambi que, as part of Enabel s suppo
and Energy (MIREME). In 2022, VITO developed a training programme for
government officials on energy data collection and analysis, based on the MTF
methodology. The hands-on training was administered in 7 modules over 13
training sessions. The training also contained a pilot field survey in 2 provinces,
designed especially as a learning instrument. In total more than 160
households were surveyed, covering more than 100 questions on socio-
economic and energy aspects. The 4 sites selected were in Tete province
Cahora Bassa (urban setting, national grid connected users) and Chifunde
(rural setting, solar home system users), and in Zambezia province Mocuba
(urban setting, national grid connected users), and Milange (rural setting, mini-
grid connected users).
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Results

Most of the interviewed households belonged to Tier 2, with households
with solar home systems mostly in lower tiers (0 to 2) while grid-connected
households, both to the national grid and mini-grid, mainly ranged from tier 2
to 5. This indicates that the solar home systems where relative small in size,
less than 50W. Mini-grid households outperformed national grid ones in
aspects of disruptions, voltage problems, and safety, while other aspects such
as availability of electricity day and night, or total number of disruptions remain
fairly similar. In relation to income, households with less than 50,000 MZN/year
clearly showed tiers not higher than 2, which may imply that income is an
important factor in accessing higher levels of service. It was also remarkable
that a significant number of households, mostly located in the Majaua mini-
grid, receive a good level of service (high tiers) while their load level (demand)
is low or very low. This may point to a mismatch between demand and supply.
Finally, the number of appliances was generally higher in national grid-
connected households than those to the mini-grid.

Although limited in its design as a learning instrument, important pointers
for the future need and use of this kind of finer-grained data collection and
analysis exercises can be formulated. These refer first to the value of such
surveys for better planning, monitoring, adaptation and learning by government
institutions in their interaction with local constituencies, utilities, and
independent power producers. This implies both a continued effort in training
government officials on the MTF methodology, as well as capacity
strengthening to interface with existing datasets such the National Census, the
Al nquerito sobre o i mpactgved amedlpo a
(2012-202), or the African Energy Information System of the African Union
Energy Commission. Another path may entail targeted surveys that respond to
specific energy policy questions in specific geographical areas, for instance on
the level of service of certain mini-grids, or the affordability of low tier services
for rural users. Secondly, promoting such finer-grained data collection and
analyses must include a component dedicated to raising the awareness of
local customers and users on the differentiated energy services most
appropriate and (likely to become) available to them. Finally, continuing such
capacity development will also help the Government of Mozambique in building
more robust Energy Balances, as well as more accurate reporting to the
UNFCCC on the countryés NDC contribut
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Introduction- Executive Summary

733 million people still lack access to electricity, and 2.4 billion people do
not have access to clean cooking fuels and appliances and a growing number
of people live without electricity - by 2022 almost 20 million, mainly in sub-
Saharan Africa. Insufficient access to finance is a key barrier to overcome
these problems; current levels of finance are around a third of the volume
needed to achieve SDG 7. In this context, energy access plays a growing role
in the Spanish Agency for International Development Cooperation (AECID)
portfolio. One important reason for this is the priority that AECIDS& §inancial
Development Cooperation Fund (FONPRODE) has placed on the energy
sector, providing access to credit. Among its varied instruments, bilateral,
multilateral, NGOs, technical assistance or even Humanitarian Action, AECID
has learnt and built an increasing portfolio on energy access, replicating, and
escalating successful experiences. This article refers to some of them and
summarizes main priorities and criteria in this field.

Convinced of its positive impact on development, AECID is fully committed
with Sustainable Development Goal number 7 to ensure by 2030 access to
affordable, reliable, sustainable, and modern energy. This Goal is also aligned
with the political priority of promoting low carbon economies, such as those
contained in the Nationally Determined Contributions of the Paris Agreement
and the 2021 OECD DAC Statement on a new approach to align development
cooperation with the goals of the Paris Agreement on climate change. In this
context, AECID pursues a comprehensive systems approach prioritizing the
following sustainability criteria:

Social sustainability: i) Institutional strengthening of installed capacity and
appropriation to allow exit strategies that respect the principle of subsidiarity,
i) provision of basic social servic@glucation healtl), as well as domestic
services and productive uses) participation of local communities, with a
gender approach.
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Economic sustainability: i) Inclusive rates, sustainable and equitable
business models that increase job opportunities for local population, in
terms of maintenance, operating systems, supply,ii¢téayment systems
that guarantee the maintenance of the equipment and recovering the
investment to guarantee the supply at the end of the useful life of the installed
equipment. iii) Generation of local employment and support for Medium and
Small Local Enterprises and local institutions and organizations.
Environmental sustainability: i) Renewable energy as an alternative to fossil
fuels ii) Minimum environmental impact in installations and transport.

With these priorities in mind, AECID has been escalating several successful
experiences. This is the case of Universal Energy Access Program in Panama,
Comarca Ngabe Buglé https://aecid.org.pa/ which is based on lessons learnt
from the Luz en Casa Program, in Mexico and Peru, with Fundacion Acciona.

In this case modest grants allowed AECID/FONPRODE to work with European
Unionés LAIF Program, the I nterameric
institutions scaling up the lessons learnt through blending schemes. Also, in

the field offinancial cooperation , it is worth mentioning new alliances
between COFIDES anflECID to jointly support renewable energy projects

in rural areas of Sub-Saharan Africa, to boost the productive uses of energy,

also contributing to the fight against climate change by promoting access to

clean energy. This alliance wi | | provide guarantee
support renewable energy projects and financial inclusion with technica
suoort. Infact, a i mportant part of the FONPF
credits in energy investment with a social impact and last resort guarantees of

the EU (EFSD+). Here we can also mention the SOL Program continuation

with the current renewable energy program for mini/off-grid projects in
underserved areas in Sub-Saharan Africa extending its geographical scope to
Latin America and the Cari bbean. It v
which 50% will go to LAC to cover FONPRODE's subordinated debt
contributions. The initiative is part of a program presented by both Spanish
entities accredited by the EU for the management of delegated funds and
supported by the European Fund for Sustainable Development (EFSD)
Committee.  https://www.cofides.es/noticias/notas-de-prensa/cofides-presenta-
colombia-programas-garantias-ue-lidera-junto-aecid
https://www.aecid.es/ES/Paginas/Sala%20de%20Prensa/Noticias/2023/2023 01

/16 cofides.aspx;
https://www.aecid.es/ES/Paginas/Sala%20de%20Prensa/Noticias/2022/2022 11
[30_fonprode.aspx
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AECID has also promoted innovation with high impact on development
encouraging alliances among academia, civil society organizations and
enterprises. This has resulted in interesting experiences of technology transfer
in the field of energy-water-food security nexus and rural opportunities, such
as is the case with hybrid systems promotion in Cuba with CIEMAT Areas
Cientifico-Técnicas (ciemat.es).

Finally, at the institutional regional level we highlight
commitment with ECREE in the ECOWAS region and with the gender
mainstreaming Portal Web AECID Cooperacion Espafiola con la CEDEAO, as
well as with access and renewable access through ARIAE in Latin American
and Caribbean Countries. Portada.JPG (2401x3473) (cnmc.es)

Conclusions

Development cooperation has proven to be strategic for knowledge
exchange and for mobilizing and scaling up funds. Energy will continue to
require priority attention from AECID, focusing on its sustainability and
availability and recognizing its role in the necessary economic recovery and in
climate change mitigation. The recent approval of the Cooperation Act and of
the next Master Cooperation Plan will be essential frameworks for AECID to
continue action on this extremely relevant topic.
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Introduction

Only 15% of the rural population of Madagascar has access to electricity
(NPE). Solar Mini-Grids are one way for increasing rural energy access due
to the huge amount of solar resources in the middle west of the Itasy region
in Madagascar. Through a collabor at i on bet ween t
Ma trise de | 6Energiedo (I ME) and
of the rural commune of Mahavelona (Itasy region) will have access to
clean solar electricity, more than 140 already connected after 4 months of
operation. The solar power plant has a capacity of 120kWp, associated
with a 115kWh lithium-ion storage system. The primary and detailed project
studies were realized by qualified students of the University of Itasy,
supervised by engineers of Africa GreenTec who are graduates from the
IME. The solar field and the electrical components, such as inverters have
also been installed with the support of students of the University of Itasy.
The social and economic impact is now undergoing using the framework of
least-squares regression, under the Gaussian-Markov hypotheses. In the
next few years, the village wild/|l
mayor of the commune. A preliminary study is in progress in the scope of
a student report in master's degree in the renewable energy field.

In this article, we focus on lessons learned:

A close partnership between public research institution (Université
Antananarivo, Université Itasy), the private firm implementing the mini-grid
(Africa GreenTec) and the community members is essential to create the
biggest socio-economic impact possible. An access to highly qualified
engineers who come from the region, is crucial to develope a fit of the
population's needs and the offered solutions. Therefore the University of
Itasy played an important role, being in the same district.
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And outcomes from realized and planned projects:

Positive social impact as primary and secondary schools, as well as the
hospitals have access to electricity.

Digitalization approaches for the administration of the commune can
now be implemented.

The existence of electricity generates new opportunities which
increases the incomes of the population.

- Development of mobile banking through the access to electricity.

Future plans:

After the electrification with renewable energy 1 the first 100% green

rural electrification project in Madagascar i the project parties (commune,
university and Africa GreenTec) plan to develop further aspects of an eco-
friendly and social environment such as the usage of biogas to replace
charcoal for cooking in the school cantine and a school garden to grow
vegetables.

( NPE) : Nouvelle Politique de | 6Energie
development
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With regard to supply chain and recycling issues Sodium-Nickel
batteries can be a more sustainable option compared to Lithium-ion and
Lead-acid batteries since they contain no critical or hazardous materials.
On the other hand, the operating temperature of Sodium-Nickel is ranging
around 250°C, affecting the battery efficiency. This can become an
advantage in regions with high ambient temperature, in most of Subsahara-
Africa, where Lead-acid and Lithium-ion batteries generally require cooling.
To achieve an increased market penetration for Sodium-Nickel batteries it
is crucial to be cost competitive compared to established battery
technologies. This paper aims to systematically determine the cost of
storing energy in Lead-acid, Lithium-ion and Sodium-Nickel batteries under
real conditions in Subsahara-Africa.

The storage efficiency including cooling and heating and the battery
lifetime, including the number of cycles and the recommended depths of
discharge of each battery technology are taken into consideration for the
cost assessment. Furthermore, real data from sample installations in
Tema, Ghana is used for the assessment of the energy needed for cooling
of Lead-acid and Lithium-ion batteries. This data allows the calculation of
the real efficiency of the mentioned battery technologies.

As a result, Lead-acid batteries is the most expensive technology. The
cost per stored kWh in the battery lifetime for Lithium-ion and Sodium-
Nickel batteries is in the same range. It can be concluded that Sodium-
Nickel batteries are not only cost competitive but together with their better
recyclability, safer material composition and a less critical supply chain can
provide a more sustainable option compared to established battery
technologies for Subsahara-Africa.
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Introduction

Stand-alone PV systems usually include batteries as energy storage and/or
backup generator. The optimization of the system is not an easy task, due to
the fact that, in many cases, the battery is the most expensive component,
considering that during the system lifetime it must be replaced several times.
Including the possibility of diesel generator can lead to reduce costs and in
some cases even life cycle emissions. The correct estimation of the battery
lifetime is the main key factor in the optimization of the PV-battery system, as
it will affect in the number of repositions and therefore in the net present cost
(NPC).

PV-battery-diesel system

In this paper we optimize (minimize NPC) a system located in the Pyrenees
of Huesca, Spain (latitude 42.52°, longitude -0.37°) considering two different
options for the batteries: OPzS lead-acid batteries or LiFePO4/graphite Li-ion
batteries. For each type, accurate ageing models have been used: Schiffer et
al. model* for lead-acid batteries and Naumann et al. model? for Li-ion
batteries. Both models consider cycle and calendar ageing. AC Load

1 Schiffer J, Sauer DU, Bindner H, Cronin T, Lundsager P, Kaiser R. Model
prediction for ranking lead-acid batteries according to expected lifetime in
renewable energy systems and autonomous power-supply systems. J Power
Sources 2007;168:661 78. doi:10.1016/j.jpowsour.2006.11.092.

2 Naumann M, Spingler F, Jossen A. Analysis and modeling of cycle aging of a

commercial LiFePO4/graphite cell. J Power Sources 2020;451:227666.
doi:10.1016/j.jpowsour.2019.227666.
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consumption is different for each day, with an average of 10 kWh/day. Nominal
DC bus voltage is 48 V and system lifetime is 25 years, as PV lifetime. PV
generator size can be between 4 and 8 kWp, in steps of 1 kW, considering a
CAPEX of 1 4/Wp (including support

of CAPEX per year. NOCT is 43°C and the power temperature coefficient -
0.4%/°C. Slope is 60°, with 0° azimuth. PV inverter is of the same power as the
PV and has a variable efficiency curve, with a peak of 96% for 15% output
power. OPzS batteries considered are of 48 V, 200 Ah (9.6 kWh storage
capacity) CAPEX of 2,000 U0 and OPEX
A (C/5), roundtrip efficiency 80%, float life 18 years and minimum SOC 20%,
with 1,200 full equivalent cycles (FEC). Li-ion batteries are of 48 V, 200 Ah (9.6

st

1

kWh), 4,000 u, OPEX 0.5% (same value

years, 10% and 6,000 FEC. 0 to 8 batteries in parallel are considered. Inverter-
chargers can be of 5, 10 and 20 kVA, with CAPEX of 1,500, 2,000 and 4,000
a, respect i vfetimg and laBable effisiensy (max. 93% at 10%
load). Diesel generators of 0, 5 and 10 kVA are considered, with CAPEX of
800 U/ kVA, OPEX of 0.02 0/ h/kVA, mi
cost of 2 a4/l with infl at ntrolstratedies ade
been considered: load following and cycle charging.

Optimization of the system

The optimization of the system (minimization of NPC) has done by means
of IHOGA software, evaluating 1,670 combinations. Optimal system is of PV 5
kWp, OPzS batt. 2 x 9.6 kWh, inverter-charger 5 kVA, diesel 5 kVA, load
foll owing, with an NPC of 41,341 4«
years and diesel runs 227 h/year. Best system with li-ion battery is #9, 44240
G (0.49 04/ kWh) , nlubPvies of6 bW dnd itthasrjuat tl batiery,
with 7.87 years lifetime; diesel runs 431 h/year.

Acknowledgement
Grant P1D2021-1231720B-100 funded by MCIN/AEI/
10.13039/501100011033 and by AGERDF

Conclusions

A PV-battery-diesel system has been optimized by iHOGA software, using
advanced ageing models for the batteries. The optimal system includes diesel
genset and OPzS lead-acid batteries instead of li-ion batteries, due to their
lower CAPEX although having much lower FEC.
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Introduction

There are 270 isolated minigrids in the Brazilian Amazon, and most of them
(97%) rely on diesel generation with fuel supply and maintenance depending
on a precarious, seasonal and costly structure. In many cases, more than a
litre of diesel is used to deliver one litre of diesel. Sometimes delivering diesel
is not possible due to extensive rainfall leading to difficulties in accessing many
of these remote sites in the middle of the Amazon Rainforest. Over 3.2 million
people depend on this fragile, unsustainable, unreliable, and high-cost energy
production and delivery system, which nevertheless supplies over 4 TWh of
electricity to the region annually. Municipalities covered by this erratic service
range from as small as 15 people to over 330 thousand inhabitants (Roraima
State capital Boa Vista). Diesel generation power plants range from as small
as 3 kVA to over 225 MVA, over 50% have an installed power smaller than 1
MVA, and around 10% are smaller than 10 kVAZ.

Hybrid Diesel/Solar PV minigrids

Hybrid diesel-solar photovoltaic (PV) systems have been proposed and
deployed for a couple of decades all over the globe?3, and with the declining
costs of PV, and more recently electrochemical storage using Li-ion batteries,
the levelised cost of energy (LCOE) of solar+storage is lower than that of diesel
generation in the large majority of cases. Diesel gen sets can now be reliably,
cost-effectively and fully replaced by PV+Li-ion batteries in remote sites

1 EPE Document No EPE-DEE-DEA-NT-005/2018-r1 - SISTEMAS ISOLADOS, PLANEJAMENTO DO
ATENDIMENTO AOS SISTEMAS ISOLADOS HORIZONTE 2023 - CICLO 2018, available at
http://www.epe.gov.br/sites-pt/publicacoes-dados-abertos/publicacoes/PublicacoesArquivos/publicacao-346/EPE-
NT-Planejamento%20SI-ciclo_2018_rev1.pdf

2 Rither, R., Bazzo, E. Martins, D.C., Hybrid Diesel / Photovoltaics Systems Without Storage for Isolated Mini-Grids
in Northern Brazil. 28th IEEE Photovoltaic Specialistis Conference, 2000, Anchorage - Alaska. p 1964-1967.

3 Rither, R., Montenegro, A.A., Beyer, H.G., Schmid, A.L. Oliveira, S.H.F. Cutting on diesel, boosting PV: the
potential of hybrid diesel/PV systems in existing minigrids in the Brazilian Amazon, 3rd World Conference on
Photovoltaic Energy Conversion (30th IEEE Photovoltaic Specialists Conference), 2003, Osaka, Japan. p. 1753-
1756.
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anywhere and at any scale typical of minigrids. With a more widespread
adoption of electromobility, and the resulting availability of large amounts of
discarded Li-ion batteries in the near future, the use of second-life batteries*
will establish a new market for solar+storage. Second-life Li-ion batteries not
only extend the use of electric vehicle batteries that have reached around 60-
80% of their storage capacity for an expected additional five to ten years; they
also postpone costs related to reclycling by this same amount of time. This will
give the recycling industry more time to solve recycling x volume issues and
increase the sustainability of both the automotive and energy industries.

Results, discussion, conclusions

In this paper we assess the use of second-life Li-ion batteries and PV in
isolated minigrids of the Brazilian Amazon in contrast to the existing diesel
generation in the 212 minigrids in the region shown in Fig. 1 below. We present
operational data on 100 kWh of second-life Li-ion batteries repurposed from
five Nissan Leaf electric vehicles (after their 5-year use as taxis in Sdo Paulo),
which have been operating side by side to another 100 kWh of new Li-ion
batteries from Samsung over a period of 12 months. We evaluate current and
near-future markets, cost estimates for second-life Li-ion batteries and diesel
supply cost projections. We also discuss issues associated with both the
current and extensive use of diesel generation, and government plans for grid-
extension to interconnect the isolated regions of the Amazon Rainforest to the

Brazilian Interconnected System.
9 agentes de distribui¢3o
* 212 sistemas isolados

Carga de Energia Participacio
MWmed
2021 Percentual
SIN - PEN 220 68.631 99,3%

SISOL 475 07%

Figure 1: The Brazilian Amazon region and the 212 isolated Mini Grids currently
supplied by Diesel gen sets, in which a total subsidy in Diesel fuel alone amounts to
some 2 billion Euroslyear.

4 Reid, G., Julve, J., Second Life-Batteries als flexible Speicher fiir Erneuerebare Energien, Kurzstudie im Auftrag
des Bundesverbandes Erneuerbare Energie e.v. und der Hannover Messe, Berlin, 2016.pp. 1-42.
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Introduction

The African grid is not fully developed and there is a lack of reliability of
electricity supply due to instabilities resulting in frequent shut down of the
supply and in rural areas, about 40% of the total African population does not
have access to electricity. Moreover, the electricity price is high, in the range
of 90 euro/MWh. Then, Africa is the ideal continent to explore and develop
solar and wind projects and avoid the electricity production from coal and gas-
based power plants. Electricity can be generated with state-of-the-art RES
technology. However, the variability of renewable sources makes it necessary
to incorporate an electricity storage solution to balance the demand/response
within the (micro)grid.

Safety of storage solutions

There are different technologies available for electricity storage with
different levels of maturity, but batteries are currently the best option. In
practice, today, the realistic possibilities for a storage system in Africa are lead-
acid batteries and lithium batteries.

Lead acid is a very mature battery technology and is available for a fairly
low cost. It was technology chosen for the past century. With the turn of the
millennium, a new battery technology is emerging: lithium-ion. Initially, its high
cost only allowed its use in high-value electronic devices. However, the price
has been falling dramatically, dragged down by the development of EVs,
reaching similar levels to lead-acid.

An interesting aspect of lithium-ion batteries is that this name covers
different technologies depending on the material used in the electrodes. So we
speak of LCO when the cathode of the battery is LiCoO2, NMC when it is
Li(NiMnCo)O2 or LFP when itis LiFePO4. The use of one material or the other
changes the performance of the battery almost as much as the use of lead vs.
lithium. Beyond the differences in V, cyclability, charging speed or ageing
degradation, there is one major factor that sometimes does not receive the
attention it deserves: safety.

1 Lead acid has two serious safety problems: the generation of H2 and
the emission of corrosive acid (sulphation). These problems are
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usually solved by good ventilation and insulation of the battery
installation area.

91 In Li-ion, extreme conditions of voltage and temperature promotes the
instability of the electrode materials in. To avoid this, the battery packs
include electronics (BMS) that monitor and manage these parameters.

Despite the precautions taken, risk situations can occur in any technology:
from explosive accumulations of H2 in the case of Pb-ac to failure of the BMS
in extreme conditions of V or T in the case of Li-ion. In the latter case, the
failure degenerates into a chain reaction in which the high T degrades the
electrode material, leading to a further rise in temperature until a fire or
explosion situation. This is known as Thermal Runaway. The conditions under
which thermal runaway is reached are different depending on the material:
LCO reaches lower temperatures and with more heat generation and LFP
reaches higher temperatures and with less energy (NMC is in the middle). This
demonstrates that LFP is a much safer material than NMC and both are safer
than LCO. To confirm the differences, an experimental test was carried out
with two similar battery packs, one with NMC and the other with LFP cells. In
both cases, a strong heating of one of the cells has been provoked, overriding
the BMS. As we can see in the left, in the case of the LFP, the only problem is
the generation of smoke. However, in the case of the NMC (right), the cell
burns and the fire spreads to the rest of the cells, producing a strong explosion
accompanied by fire.

P B

LFP NMC

Conclusions

Accumulating a lot of energy in a small place always implies a risk, but the
safety measures implemented in batteries make them safe to use. However,
nothing is infallible, so the problems associated with catastrophic failures have
been analyzed. In general, the risk is lower for Li than for Pb because the first
has active safety measures (BMS). However, in a serious incident, NMC
chemistry can burn and explode, while lead-acid can explode due to H2
accumulation but without the presence of flame. In the case of LFP,
catastrophic failure produces neither flame nor explosion, generating only a
large quantity of gases that must be evacuated.
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Introduction
Around 56 % of urban residents of Sub-Saharan Africa (SSA) live in slum-

like conditions?. Influencing factors for the formation and spread of informal
settlements (ISs) i besides natural population growth i are migration from
rural to urban areas, poorly functioning public governance, inadequate city
planning as well as shortage of affordable, developed land. With an average
population growth in SSA of 2.7 % per year?, the phenomenon of informal
housing in this region will continue to prevail. Climate change particularly
affects ISs, since they are often located in less-favored areas which are prone
to natural disasters, such as flooding, and their residents are less able to cope
with the impacts due to low financial assets. At the same time, energy supply
in I1Ss is still primarily based on non-sustainable, traditional technologies such
as firewood or charcoal. Although the electrification rate of urban areas is
generally high (e. g. Kenya over 90%?3), residents in ISs face three main
challenges: availability, reliability of energy (-related services) and energy
poverty.

If ISs are not included in future energy scenarios, risks such as slowing
down the transition to Renewable Energy Systems (RES)-supply as well as an
increase in poverty of already marginalized groups occur. Hence, there is a
need to improve energy services sustainably to enhance living conditions, the
quality of the environment and eliminate energy poverty in ISs.

Project overview

With the aim to strengthen the resilience of African cities, especially of ISs,
the project Sustainable Energy Education Districts for Informal Settlements
(SEED) focuses on ISs in Kenya and Mozambique. The key target is to develop
a comprehensive, sustainable, off-grid, RES-based concept (so called Energy-
Hub, see Figure 1) for an adequate energy supply to ISs in selected countries.

! Oginga-Martins, Judith & Sharifi, Ayyoob (2022). World Cities Report 2022: Envisaging the Future of
Cities. United Nations Human Settlements Programme (UN-Habitat).

2 United Nations. Population Division (2018): Kenya, Mozambique, South Africa, United Republic of
Tanzania, East Africa: Department of Economic and Social Affairs; 2018

3 IEA. World Energy Outlook 2020: International Energy Agency; 2020.
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Figure 5: Exemplary design idea of the SEED Energy-Hub

Subsequently, this will improve livelihoods of residents, achieve long-term
economic development as well as structure-building and positive community-
promoting effects. Generally, typical ISs are not only a formation of households
but also of commercial activities. Hence, households should benefit directly
from the planned Energy-Hub by the provision of small solutions (solar/battery-
driven lights, mobile phone charging, etc.). On the other hand, commercial
actors such as local businesses will be supported by the supply of energy for
their productive use cases. Further to this, the Energy-Hub can serve as a
meeting and training facility that aims towards positively contributing to
community development. For this purpose, one exemplary location, each
within an informal settlement, was selected in Nairobi (Kenya) and Maputo
(Mozambique). The development of the Energy-Hub is based on extensive
household and business surveys on various topics, such as lighting, cooking
and cooling needs, the use of electrical appliances as well as availability of
educational and community services in the area. This allows the identification
of the local, social perception and expectation for the energy supply of the
residents. By means of the data collected on site, load profiles and finally a
technical concept will be developed, which should be modular and adaptable
according to the local needs of any informal settlement in SSA. By analyzing
the legal framework and identifying a suitable business model with a mobile
payment system, the long-term operation of the proposed system will be
ensured and the ownership of the population will be strengthened. Various
local actors are involved, which enables a continuous knowledge transfer and
promotes intra-African networking. A close collaboration with research partner
and the implementation of the tested concept are being aimed at as part of a
follow up project. This contribution focuses on the detailed presentation of the
Energy-Hub concept and its placement in the context of the already existing
decentralized RES market. As a result, it is elaborated under which local
challenges and preconditions in ISs the installation of the Energy-Hub is
particularly suitable.
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Introduction

The European Union funded, UNDP i m
for Securityéd (SE4S) project focuses
being of the Lebanese Armed Forces (LAF), specifically the LAF stationed
in the North-Eastern border region of Lebanon. The aim of the project is
the provision of sustainable energy solutions that, first and foremost,
increase the LAF6s energy autonomy i
energy services that achieve a higher ability to observe and carry out the
respective security-based operations. These actions build, secondly, on
the Lebanese Armed Forces Sustainable Energy Strategy of 2017 (EU-
UNDP CEDRO 4, 2017), endorsed by the Ministry of Defense and the LAF.

The objective of the Technical Backstopping service was to provide the
necessary technical support for the effective design, implementation and
validation of energy efficiency and renewable energy activities. This
included support in the implementation, design or validation of end-use
energy efficiency and renewable energy projects for the LAF buildings and
facilities on the north-eastern border. And, in particular, the development
of the full technical specifications for small wind turbine (SWT) with storage
technology was desired.

Hence, this paper focuses on the design of these hybrid wind-PV power
plants with battery energy storage and back-up diesel generators. The
objective of the paper is to share the best practices and lessons learned in
the development of the hybrid power plants. The project had included the
following phases: design, procurement, installation, commissioning,
operation and maintenance. However, the scope of the paper is focused in
the sizing and design of the PV-Wind hybrid plants.
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Sizing and design of the hybrid power plants

Within the sizing and design stage, different tasks have been
accomplished, such as the site visit, the demand assessment, and the wind
resource assessment. All of them will be described.

Special care has been taken for the sizing methodology of these plants,
which are particular due to the presence of wind generation, which involves
both the selection of the configuration of the systems to be designed and
the recommended tools, templates and sources for information to be used for
the design.

Financial appraisal

This section provides a financial appraisal of an example hybrid power
plant consisting of a 3 kW SWT, a 6 kWp PV generator, 30 kWh Li-ion
battery, 6 kW battery inverter and the existing 15 kW diesel genset. The
example power plant corresponds to one of the actual sites implemented
under the SE4S project. The site has a load demand of 25 kwh/day,
although the load curve slightly differs from the winter months to the
summer months.

The financial appraisal is done by analyzing the Net Present Cost
(NPC), Cost of Electricity (COE), Return on Investment (ROI) and payback
period of the hybrid system with respect to a power plant that only features
the diesel generator. The software HOMER is used for the simulations.

Conclusions

Two Micro-Wind turbine systems with Li-ion storage to be installed in 2
typical LAF outpost facilities have been designed and implemented for the
SEA4S Project. The micro-wind systems are coupled with the existing diesel
generators on site and / or solar PV generators for optimum performance.
In this presentation, a summary of the main activities related to the design
of these power plants and, in particular, related to the influence of the
presence of wind generation on the hybrid systems, is presented.
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Introduction
This paper presents the Don Bosco Solar Mini Grid in Tema, Ghana. In a

unique manner integrating existing solar systems of different manufacturers
and made of independent interconnected decentralized PV systems, this case-
study Mini Grid powers a large vocational training school compound. It serves
as a practical testing for technologies in sub-Saharan conditions as well as a
demonstration model to future solar technicians as a sample for rural
electrification.

The Mini Grid Solution

The system interconnects six independent PV producers with eleven
consumers in such a way that each producer supplies first its own demand,
and with available surplus PV energy, supplies the rest of the consumers
connected to the solar grid, even at night with battery capacity. Every producer
can become a consumer in case of high demand or discharged batteries. Since
all of the producers are independent, this Mini Grid has a high redundancy.

Prior to the installation of this system, an energy audit was conducted in
each of the consumers connected to the system, including an analysis of
energy consumption, load profile and energy saving activities.

The system has 164.4kWp PV modules in total. Varieties of String Inverters,
Battery Inverter/chargers, Battery Technologies, Charge Controllers and a
Communication Interfaces have been implemented. The aim of using different
brands and types of inverter and batteries is to test how they can be
interconnected in one solar grid and to test the performance of different battery
technologies in real sub-Saharan conditions. This was also done with the idea
that this type of solar grid will be installed in a remote village where some
buildings already have PV systems from different brands installed and with the
need for a mini grid to grow and expand with more consumers.

Smart Load Management for Self-Sufficiency
The Don Bosco Solar Mini Gridds pro
(57.1kWp), the school Canteen (38kWp), two systems in the Provincial house
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(32.0kWp and 10.2kWp), the Chapel (10.7kWp), and the Auto
workshop/Hostel (16.4kWp)) and the consumers (school, hostel, chapel,
residences, offices, water pump, security, canteen, etc.) are a model
representation of the possible energy needs of a rural community. The system
in the solar center is the master, which provides frequency regulations for the
rest of the mini-grid connected through underground cables.

This installation provides a high self-sufficiency of the entire system by
interconnecting all producers and consumers so that energy can be exchanged
between them. Net metering and smart load management is implemented in
this installation. Some loads in the Mini-Grid require higher power (e.g. air
conditioner, water heater and water pump), they are only run based on
conditions such as PV power production and battery state. With the help of
smart load management, more than 96% self-sufficiency has been achieved.

Nowadays having a remote monitoring platform is an essential requirement.
The Don Bosco-Mini Grid consist of several brands and their own monitoring
system, it is not an easy task to bring all independent systems into one
platform. By installing smart meters in each individual system and
implementing the third-party monitoring platform Grafana, remote supervision
and control of the entire Mini-Grid can be achieved.

Figure 1: Don Bosco Solar Mini-Grid

Conclusions

The Don Bosco Mini-Grid is a practical demonstration of the energy needs
of a village, with independent consumers and producers as well as a
combination of different brands and technologies. By the interconnection of
independent consumers through remote smart load management, the self-
sufficiency of the entire PV system is increased. Don Bosco has successfully
managed to build up this complex Mini Grid and uses it for demonstration and
teaching purposes. To achieve one hundred percent self-sufficiency, long-term
storage technologies like hydrogen gas could be the solution and will be tested
in the next phase of the project.
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Introduction

Solar PV minigrids always have a dilemma of having to oversize the system
in preparation for future demand growth or having to right-size the system to
current demandds requirement t 0 mi
growth doesnot |sblaa PVpranmgrids instaltipeisaaa PV arrays
in alarge field, and additional land will be required as demand grows, and more
solar PV arrays are needed. Similarly, a centralized energy storage system is
built to serve the gr iddimutaneosslymer 6 s

Our company resolves this dilemma by improving upon the definition of a
minigrid. The fundamental idea of a solar PV minigrid is maintained as a grid-
forming power generation system is still required. However, instead of having
a centralized electricity generation and energy storage system, they are
distributed. Each consumer can be issued both their own electricity generation
system (rooftop mounted or pole mounted solar PV panels and an optional
micro inverter) and their own power delivery module (with energy storage,
charging and load discharge control power conversion systems). Our
company calls this a Modular Smart Swarm Minigrid (SWAG)

This allows a centralized minigrid system that is only needed to serve as a
grid-forming generator and the distribution infrastructure. Each consumer will
have sufficient generation and storage capacity to serve their energy demand.
However, any excess can be sent to the grid to be used by other consumers
as needed. This topology allows for just-in-time investments for the rural
minigrid. This mitigates the risk of oversizing the system with generation and
storage in hopes that future demand will utilize the additional electricity.
Finally, the SWAG topology allows modular size upgrades to the generation
and storage only as the demand requires.

How it Works

To resolve this dilemma, our company developed a Modular Smart Swarm
Minigrid (SWAG) that distributes the installation of solar PV as generation
modules, and separately distributes the installation of batteries as energy
storage power modules. The SWAG topology consists of three main units
which are the Solar Swarm Generator units, the Solar Swarm Power units, and
the Hive Control units.
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The Solar Swarm Generator units consists of a single solar PV panel and
an optional micro inverter. In a standalone operation, the SSG units will
connect the solar PV panel to the Solar Swarm Power Units. On a full SWAG
operation, the micro inverters will be installed to output 220VAC power into the
minigrid.

Each Solar Swarm Power units contains the batteries and the power
electronics for charging and load control. The outputs are mainly 12VDC
delivered via cigarette lighter connectors, USB standard connectors, and a
high current 12VDC polarized connector (at 10A/120 watts). In a standalone
operation, the SSP units are connect ec
on each consumerd6s roof as a means to
during the day. However the SWAG topology allows multiple SSGs and SSPs
to be connected as part of minigrid operations.

The Hive Control units are only needed when the SWAG topology is
activated to connect multiple SSPs and SSGs as a full functioning minigrid.
The Hive control is a centralized system containing grid-forming battery
inverters and chargers. It will have the option to be hybridized with a generator
set to charge the Hive Control batteries as well as provide additional power to
the grid as needed.

Prototype

Our company have created a prototype system that has been deployed for
10 consumers in an Indonesian village on Sumba Island. The prototype was
designed as a DC microgrid at first to reduce the initial costs and to serve as a
proof of concept. Within the 10 consumers, 5 are standalone consumers while
the other 5 are connected to each other. This set up was very well received
by the community members as both the SWAG connected consumers and the
standalone consumers felt that their needs were met. As a side benefit, the
cost of installation for the standalone consumers are lower, and this is a match
for the low power and energy requirements of most standalone electricity
consumers. They are typically outside of the population centers, and their
electricity demands are much more modest.

Conclusions

The SWAG topology was developed based on the lessons learned from
surveying over 700 remote area villages, inspecting over 300 solar PV
minigrids, and designing/installing/operating remote area solar PV
minigrids serving over 4,000 people. Having learned of the challenges,
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best practices, practical applications, and field implementation of rural
electrification projects, SWAG topology is a tool in the rural electrification
landscape to serve remote area rural communities with diverse
requirements for energy access. More importantly, SWAG allows for

technology to provide solutions that make rural electrification projects more
attractive to investors.

LEGEND TRADITIONAL PV MINIGRID TRADITIONAL PV MINIGRID WITH
GROWTH
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Approaches to knowledge exchange in the off-grid sector

The success of off-grid electrification interventions 1 in terms of financial
viability, long-term sustainability and development impacts - is highly
dependent on the capacities of the actors involved. There is a solid basis of
knowledge and expertise among global South off-grid energy practitioners on
technical, business model and other design aspects of successful off-grid
electrification projects. One critical question currently is: How to leverage this
know-how and expertise to help other practitioners and thus accelerate the
growth of the sector?

The UN©OGSs 2030 Agenda for Sustainab
mobilisation and sharing of knowledge and expertise as crucial elements for
supporting the achievement of the SDGs in all countries, and in the global
South in particular®. In recent years, knowledge exchange among off-grid solar
practitioners has been the precise aim of various initiatives in the sustainable
energy space, including the South-to-South Knowledge Exchange
programmes of WISIONS? and HPNET?3. The experience from these programs
was leveraged in the PeopleSuN project*, which focuses on off-grid
electrification in Nigeria.

Ni ger i-gridelearifi¢ation potential

Nigeria is Africaébés | argest economy
Despite the countryds significant hum
as 85 million Nigerians currently live without access to reliable and affordable

1SDG Target 17.6: Partnership and knowledge sharing: https://sdgs.un.org/goals/goal17
2 Knowledge exchange among energy practitioners:
https://www.wisions.net/knowledge/case-studies/

3 Knowledge exchange among micro-hydro practitiners:
https://www.hpnet.org/exchanges.html

4 www.peoplesun.org Supported by German Federal Ministry of Education and Research

147


mailto:maria.yetano@wupperinst.org
http://www.wupperinst.org/
https://sdgs.un.org/goals/goal17
https://www.wisions.net/knowledge/case-studies/
https://www.hpnet.org/exchanges.html
http://www.peoplesun.org/

electricity. Thisrepres ent s 45% per cent of ,andmakes o u |

Nigeria the country with the largest electricity access deficit in the world®. Off-
grid solar solutions have a crucial role to play in bridging this gap and achieving
full electrification®.

In the last decade, the Nigerian off-grid solar sector has grown
considerably, with around 50 communities already benefiting from solar
minigrids and around 1.8 million solar standalone products in use in the market
as of 2019’. A number of technical assistance and capacity building
programmes are currently emerging to train a new generation of energy
entrepreneurs and practitioners skilled in appropriate design and development
of solar off-grid business and interventions. However, there is still an enormous
skills gap and platforms for knowledge sharing are urgently needed.

Nigerian Knowledge Hub on off-grid electrification

Building on lessons from successful initiatives (e.g., Energypedia8) the
PeopleSuN project, in collaboration with Nigerian stakeholders, has designed
a knowledge hub to support the development of the Nigerian off-grid sector
through knowledge exchange and collaboration. The hub aims to support the
design and implementation of financially viable and inclusive off-grid power
interventions in rural areas in Nigeria. The hub will be an online resource where
relevant guidance and knowledge for the design of successful off-grid solar
electricity delivery models can be consulted, depending on the specific needs
of the user. It will include open access datasets, tools (e.g., spreadsheets,
survey guides) and case studies that illustrate how different dimensions have
been approached by developers or market enablers in Nigeria. The hub
contains knowledge that is curated but continuously updated and in it users
are able to create and share new inputs through a wiki-style interface.

The aim of this communication is to present the knowledge hub, the lessons
learnt during its development, and the potential of this and similar formats to
remove barriers in accessing knowledge and therefore accelerate the
transition to sustainable energy in Nigeria and other similar contexts.

5 IEA (2022). Tracking SDG7: The Energy Progress Report, IEA, Paris, Accessed
11/11/2022: https://www.iea.org/reports/tracking-sdg7-the-energy-progress-report-2022
6 ACE-TAF (2021). Standalone Solar Investment Map i Nigeria. Accessed 11/11/2022,
https://www.ace-taf.org/kb/stand-alone-solar-investment-map-nigeria/

7 ibid

8 https://energypedia.info/wiki/Main_Page
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Introduction

The aim of the research is to identify existing adopted international,
national, local and internal company policies for the inclusion of women in the
solar thermal industry, how these policies are being implemented, whether
they are effective and if women in the sector face challenges (social /physical
/environmental/cultural) outside of the framework. Insight will be gained in the
anticipated opportunities for women by women and their male colleagues in an
emerging solar thermal sector. The outcome will include possible mitigation
measures as wdlmi nmgsy®d &Spmuay of t he
Botswana to assist in the planning phase for the SOLTRAIN+ work package
and has potential to be scaled in partner countries.

The Market Opportunities and Challenges

Botswana boasts one of the highest levels of solar irradiation in the world
(1), has a high GDP with a variety of potential solar thermal markets emerging.
The SOLTRAIN (2) project has facilitated in revisiting the possibility of a solar
thermal roll out in the country after years of market spoilage due to lack of
regulatory and policy framework, need for capacity building, limited technology
awareness and barriers to finance. The SOLTRAIN+ project will focus on
industrial applications and energy efficiency with a work package dedicated to

6Women in Energyd in line with nati

globally highlighting the positive effect of gender equity in the business
environment (3). Although there is a need for equality in access to modern
energy technologies for women this undertaking will be limited to
entrepreneurs and employment for women.

This study will highlight the conditions of women working and operating in
the solar thermal industry in Botswana as the sector continues to develop. The
investigations will include a desk top study of international, national and
company policies, strategies incorporating gender equality, studies relating to
the sector including the Gender Policy, National Energy Policy (4), SE4ALL
(5), IRENA Renewable Readiness Assessment (6) and SRMI gender
document (7). There is limited literature directly related to women in the solar
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thermal industry therefor a series of interviews with women educated, trained
and employed in the sector will be undertaken (anticipate 25 women at various
levels). Male counterparts play a vital role in creating conducive work
environments for gender balance and will be included in the study through
sensitive dialogue.

Opportunities exist in the full circular economic value chain from
manufacture to disposal at varying skills levels for women if gender inclusivity
is adopted and practised. Are there barriers to entering these markets for
women or are there equal opportunities within the sector? Potential solar
thermal markets include hospitality with Botswana Tourism Organisation
encouraging green certification, off-grid farms with a government programme
under development, residential properties with building codes in the pipeline,
industrial mining and manufacturing applications, process heat and health care
particularly off-grid clinics as well as other markets which will be mentioned in
the study. Are there gender strategies linked directly to projects or available
environmental social impact assessment legislation to assist in developing
them?

Early observations of challenges faced by women entering the industry,
established through discussions with those operating in the industry, include:
Opting to work in administerial jobs and a quick shift away from technical
positions if an opportunity arises

Lack of internal company policies or implementation

Disconnect between educational facilities and employment sector

A need to bridge skills gaps and encourage women into technical vocations
Challenges with work-life balance (single mothers or unsupportive partner)
Gender based violence and sexual harassment issues particularly on site

To o To Do B Io

Risks to the safety and security of women (and her family) entering the
industry should be a priority. Worrying statistics indicate the need for education
and awareness around barriers facing women entering male dominated
industries. Botswana was ranked 66 in the 2022 Global Gender Gap Index (
6benchmar ks national gender gaps on
health criteria (8) UN Women Botswana database) out of 146 countries and
116 in Gender Inequality Index. In 2021 Botswana ranked first in a survey by
World Population Review rape statistics by country with the highest rape rates
in the world. Gender based violence has b e e n | abell ed as
pandemicé following covid with a rise
2022. Could these statistics reflect the risks to women entering the industry?
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Conclusions

This study will identify the barriers to accessing the opportunities in the
industry, create or widen gender dialogue and assist in developing a
SOLTRAIN+ project plan for increased participation in the solar thermal
workforce by women.

https://solargis.com/maps-and-gis-data/download/botswana

www.soltrain.org

https://www.un .org/en/global-issues/gender-equality

Botswana National Energy Policy

https [lwww.bera.co.bw/downloads/National%20Energy%20Policy%20Final%20April%202021.pdf#:~:
text=This%20National%20Energy%20Policy%20%28NEP%29%20is%20intended%20to,attain%20en
ergy%?20self-sufficiency%20and%20increased%20security%200f%20supply .

5. https://www.sed4all-africa.org/seforall-in-africa/country-data/botswana/

6. https://www.irena.org/publications/2021/Aug/Renewables-Readiness-Assessment-Botswana

7. SRMI FACILITY GENDER ASSESSMENT AND ACTION PLAN i including Botswana
https://www.google.com/url?sa=t&source=web&rct=j&url=https://www.greenclimate.fund/sites/default/
files/document/fp163-gender-
assessment.pdf&ved=2ahUKEwi40dvj49L 6AhUdQKEAHf3L Di44ChAWegQIJRAB&uUsg=A0vVaw350
CQsHAQgKz08mVnaXCpHX

8. https://data.unwomen.org/country/botswana

Other Helpful links:

Ministry Gender Affairs Botswana

https://www.gov.bwi/civil-registration/gender-equality
https://www.gov.bw/search/node?keys=gender+policy

Botswana Budget Speech 2022
https://finance.gov.gy/wp-content/uploads/2022/01/Budget%20Speech%202022.pdf

UN Women i CEDAW Document - Botswana
https://evaw-global-database.unwomen.org/en/countries/africa/botswana

AP

ENERGIE
https://www.google.com/url?sa=t&source=web&rct=j&url=https://www.energia.org/assets/2015/02/06.
Case_Study Botswana.pdf&ved=2ahUKEwjyzdO 4NL6AhWFSEEAHVN2BacQFNoECBAQAQ&uUsg=
AOVVawObEKcOQAT MOnrOkY X5KVR

UN gender assessment
https://www.google.com/url?sa=t&source=web&rct=j&url=https://africa.unwomen.org/sites/default/files
[Field%25200ffice%2520Africa/Attachments/Publications/2017/11/Gender%2520Energy%2520and%
2520Policy%2520A%2520Review%25200f%2520Energy%2520Policies%2520in%2520East%2520a
nd%2520Southern%2520AfricaWeb%2520LR.PDF&ved=2ahUKEwjyzdO 4NL6AhWFSEEAHVN2Ba
COFNOECBIQAQ&uUsg=A0vVaw?2 vgRzIDndgIMKI3tjKhV4
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Solar training in the scope of PERER, Madagascar

RANARISON Léonie
GlZ PERER, Trano Fitaratra, Aile droite 8¢m¢ Etage, Ankorondrano,
ANTANANARIVO 101 - MADAGASCAR
+261 32 11 426 21, leonie.ranarison@aqiz.de,
www.giz.de/madagascar-mg

www.giz.de

Introduction

The Project "Promotion of Rural Electrification by Renewable Energies /
PERER" of the German-Malagasy Cooperation is mandated by the German
Federal Ministry for Economic Cooperation and Development (BMZ) and
implemented by the Deutsche Gesellschaft fir Internationale Zusammenarbeit
(GIZ) GmbH. Currently in its third phase since April 2022, PERER aims to offer
actors in the energy sector improved institutional and financial framework
conditions for investments in electrification by renewable energies.

One of the areas of intervention of the project consists in promoting training
in the sector.

In 2017, GIZ launched a training needs analysis study. It was noted that
there is a gap between the training carried out and the jobs required by the
economic sectors, the teaching methods mainly focused on theoretical
learning of the profession and offer few job opportunities for graduates.

On the other hand, the solar market has developed a lot since 2012,
multiplied by 3 over 5 years to reach 97 billion Ar in 2017. A huge job
opportunity in the sector but the level of competence of young people remains
too variable on this technology.

Motivated by these observations, the GIZ has embarked on the
development of 2 training courses in solar PV: the MASTER Solar course, an
academic course for university students and professional training around two
specific trades (Installer and Maintainer in Solar PV Systems) for the pre-
baccalaureate level.

Currently, the project is in the phase of setting up these training courses
with partner establishments: the University of Toliara and the Institute for
Energy Management (IME) of the University of Antananarivo will host the
training in solar masters and the vocational technical high schools (LTP) in
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Toliara and Antananarivo will host qualifying vocational training in solar PV
installer and maintenance.

Currently, the project is in the phase of setting up these training courses
with partner establishments: the University of Toliara and the Institute for
Energy Management of the University of Antananarivo will host the training in
solar masters and the Vocational technical high schools in Toliara and
Antananarivo will host qualifying vocational training in solar PV installer and
maintenance. With the aim of providing the market with trained and directly
operational young people, to promote employment, we focus on practical
training in these training courses. Also, we are going to set up a "job platform"
system which will strengthen the links between training centers and companies
wthout forgetting to strengthen the practical capacities of teachers.
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ONEPIanET - OpeN source nExus modelling
tools for Planning sustainable Energy Transition
in Africa

Stefano Barberis and Massimo Rivaroloi UNI VERSI TAG6 Dl
stefano.barberis@unige.it i massimo.rivarolo@unige.it

Serena Scotton T RINA Consulting SpA i Project coordinator i
serena.scotton@rina.org

ONEPIlanET is a HORIZON EUROPE Project which aims at
empowering African policy makers, research & academia, investors and
citizens with the necessary tools and know-how to increase clean energy
generation and sustainable use of resources while reducing inequalities
and cultural/socio-economic gaps. ONEPIlanET will co-design and test a
toolkit, integrating and building upon 1) existihng WEF nexus
models/approaches that allows to simulate scenarios optimizing existing
resources with the most appropriate policies (considering social, climate,
economic and biophysical constrains); 2) a set of capacity building
materials, initiatives and knowledge exchange activities. ONEPIanET will
undertake a participatory approach building knowledge communities in
three African environments: Songwe (Malawi/Tanzania), Inkomati-Usuthu
area (South Africa) and Niger (Nigeria) river basins.

Drivers Barriers
ONEPlanET

@' A Lack of Contextualized energy plannir

& A Lack of uptake nexus approach

A Lack of local communities engagemet
& awareness

A Lack of easyo-use tools for decision

Just Energy Transition in Africa making

A Lack of suitable business & governani
frameworks
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ONEPIanET aims at building knowledge communities around the Nexus
initiative mixing experts and future users of the platform from the EU and
AU. The project will not build a network from scratch in the AU, but will use
of the African partners, particularly the network of members in Nigeria,
South Africa and Malawi/Tanzania. ONEPlanET will also build on the
universities network of ECREEE and UKNZ. The knowledge communities
will also build on the existing networks of the EU and AU partners,
particularly linked to some relevant UNESCO initiatives (IHE Delft and
UNIGE UNESCO/UNITWIN Chair - https://unitwin.unesco.unige.it/en
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Global online knowledge management on energy
access via energypedia

Ranisha Basnet (energypedia) / Lisa Feldmann (energypedia)
Kdnig-Adolf-Str.12
65191 Wiesbaden
Phone: +49 611 18195031
E-Mail: ranisha.basnet@energypedia.info
Internet: www.energypedia.info

To make the achievement of SDG7 a reality, it is i.e. of utmost importance
to enable mutual learning and knowledge sharing worldwide to prevent re-
inventing the wheel and to accelerate the energy transition.

A variety of case studies, success stories and evaluations among the
different technologies and approaches exists. However, every organisation
and institution has their own data storage system and their own methods of
sharing information. If knowledge management is done at all. As a result, a lot
of information about experiences only exists locally, or in fragments, is
scattered and difficult for others to access. There is a need for facilitating and
expanding the diffusion of these technologies in developing countries through
practical knowledge sharing. This presentation will take a look at the solution
to make knowledge available via energypedia and how all participants of the
conference can contribute and share their valuable insights for all on
energypedia (over 90,000 unique visitors each month).

Energypedia hosts www.energypedia.info, a wiki-platform
fia“ offering free access to expert information on renewable energy,
d energy efficiency and energy access in developing countries.
—_— Every user can create content and make it directly accessible
energypedia . . .
online. In this way, energypedia promotes the necessary
international knowledge exchange between a growing community of over
11,700 experts and practitioners in civil society, academia, the public as well
as the private sector. Thus, energypedia does not only facilitate typical
knowledge exchange between industrial and developing countries, but also
enables South-South cooperation and the direct exchange of experience
among people in developing countries. Energypedia is unique because the
easy to handle and freely accessible knowledge platform
www.energypedia.info covers a wide range of topics from mini-grids to solar
energy, from cooking energy and to finance and country-related energy
information, structured in portals and categories for easy access. Energypedia
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was initially developed in 2007 as an internal knowledge management tool
within the Energising Development programme (EnDev), implemented by GIZ
(Gesellschaft fur Internationale Zusammenarbeit GmbH). However, there was
a lot of interest from colleagues outside the programme and outside of GIZ to

Hydr Productive  Mobilit

=X+ BDF 9291

access energypedia and in late 2009, energypedia was opened to the public
and in 2011, outsourced as an independent non-profit organization.

In the last 10 years, energypedia has developed 17 knowledge portals,
different energy databases, webinar series and other knowledge
products such as toolboxes etc. Every month, around 90,000 people visit
our platform.

More than 11,700 registered users have authored over 5,400 articles on
renewable energy, energy efficiency, and energy access and climate change
topics on energypedia.

Over the past years, we collaborated with organisations such as GIZ,
ESMAP, Practical Action, UNITAR, ICRC, and other energy networks such as
the ACCESS Coallition to advocate and raise awareness on energy access
issues.

One of the main strengths of energypedia is its user-driven focus i.e. all the
content on energypedia has been generated by the users and is free to read,
edit and share by all other users. Another innovative strength of energypedia
is the type of the content: it ranges from articles explaining basic renewable
energy terminology to comprehensive reports on renewable energy projects
from all over the world. The innovative tools allow energy practitioners to
showcase their work of and to collaborate on innovative ideas with others in a
global network. This makes energypedia a one-stop destination for information
related to renewable energy, energy efficiency and energy access in the
context of development cooperation.

Join the global, collaborative knowledge exchange platform and contribute your experience
to the following portals: | Energy Access Portal | Mini-grid Portal | Solar Portal | Browse all
portals

Energypedia furthermore entails an event calendar, a job portal and an opportunity
database. You can easily add your announcements to these databases!

Energypedia is proud to be a supporting partner of the s-@ccess conference!
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New Model for Delivery of Online Solar Training

Geoff Stapleton. Christopher Martell
Global Sustainable Energy Solutions Pty Ltd
Suit 4, Level 3 Botany Road, Alexandra, 2015 Australia
Phone:+61 2 9014 5312
e-mail: geoff@gses.com.au;
website: www.gses.com.au and www.gsesinternational.com

Introduction

Australian based Global Sustainable Energy Solutions (GSES) has
been conducting face to face solar training courses in Africa, Asia, and the
Pacific since 1999.

However, these courses were generally funded by donors as part of a
larger aid program that was supporting the sales and installation of solar
systems. This model was not sustainable because the technicians being
trained could not afford to pay for the training if it was not funded by the
donors.

In 2008 GSES became the first Australian training organisation to offer
blended online solar courses. The course participants work at their own
pace to undertake the theory online including practice exercises and
assessments. Those participants undertaking the installation course then
attend a 2-day, face-to-face practical course at the GSES training centre.
Though these courses are affordable within the Australian market, they are
not affordable to majority of people working in the industry in Asia and
Africa.

A new model was required on how to use the long-term experience and
resources of GSES to provide affordable training for the thousands of
technicians required for this expanding industry.

Subscription Model

In 2023 GSES Australia, in collaboration with our joint venture company
GSES India, will be launching a new monthly subscription model aimed at solar
companies. This subscription model will provide companies access to an
online training academy which will include a number of courses, resource

books and guides for conducting practi

have access to the online courses (not assessments) and resource books.
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The monthly fee will be based on the number of technicians that the
company wants to complete the courses including the online assessments
so that at the successful conclusion of the course, the participant will
receive a certificate stating they have completed the Theory Course for the
design and installation of a particular technology application. The company
will be provided documentation and videos on how to conduct in-house
practical training sessions and assessments.

Initially the training academy will include the following courses:
1 Solar home systems (d.c. coupled systems)
1 Off Grid PV Systems including PV/Fuel generator Hybrids
(Including a.c. coupled systems)
1 Grid Connected (tied) PV system.

More coursers will be added in the future.

Building Capacity within the Company
In the first year the company will have access to a specified number of
tutor hours to obtain support while doing the course.

At the end of the first 12 months the company can then select to reduce
the monthly subscription fee by having no tutor hours. The objective is to
encourage the company to have the senior technicians become the tutors
for their staff.

GSES will regularly update the course and resource booklets to address
the ever-changing industry.

Conclusions

The subscription model will effectively allow a solar company to partner
with GSES so that company can have their own in-house training academy
where the training resources are maintained by an experienced training
provider.
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Open Source for Energy Access:
a new phase for the sector

Vivien Barnier, EnAccess Foundation, Industrieweg 9, 2254AE Voorschoten
Phone: +4915774738538 , vivien@enaccess.org, www.enaccess.org

Introduction

The Energy Access sector thrives in innovation: design optimization,
monitoring, finance, business models, standards, driving efficiency in
project implementation, etc.

Solutions to the above are yet too often developed separately but in
parallel by various actors in the Energy Access Space. So the scarce
resources in the energy access space are not used efficiently, and we keep
reinventing the wheel. Our goal is to make more of these innovations
accessible to more players in the sector to expedite access to energy work.
Is open source the answer?

Open-source innovations can be assimilated as the embodiment of
direct demaocracy, where solutions are shared, modified, and improved by
direct action, offering technological solutions to diminish carbon footprint
emissions or increase electricity for people to have better tools to mitigate
climate change, but it is also a symbol of power for the common workers,
common citizens, common businesses who want to engage in shaping a
collaborative and climate-friendly future. In this regard, it offers great
opportunities to gather knowledge from different nationalities and contexts
on climate change issues and resilient solutions.

Our Open Source Cases
The reality is open source is already happening in the sector; examples
include:

0 D-RECs by Positive Capital Partners - An innovative environmental
attributes issuance model to offset Opex for Distributed Renewable
Energy Resources

0 OpenPayGo Token by Solaris Offgrid- An open-source token system
to enable PAYGO functionality in new products

0 Open Smart Meter by First Electric- A GSM Smart meter that enables

the adoption of affordable solar energy solutions
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0 Open Battery Management System by Libre Solar - A completely
open-source BMS for Lilon batteries with a special scope of second-
life cells.

0 OpenSource Project Financing by Cross Boundary Energy Access- A

set of legal documents ready to use for large mini-grid purchase

transactions.

Micro Power Manager (MPM) by INENSUS - A management tool to

make Decentralized utility management made simple.

0 Prospect Platform by A2EI - A data platform that helps gather,

harmonize, analyze and visualize data on progress towards SDG7.

O«

In our presentation, we going to discuss what exactly are Open Source
Innovation (OSI) is in Energy access and how OSI is currently adding to
the puzzle to finally fast-track the way toward SDG7. We will also be looking
into the gaps where and why OSI has not yet unfolded its potential in
Energy Access.

Conclusions
Among other examples, we know today that the sector-wide adoption of

the OpenPayGo Token and the interoperability of the different PayGo
Platforms have significantly reduced development and integration efforts
for several manufacturers and distributors. Furthermore, the growing
uptake for D-RECs by corporate buyers also shows that the open-source
foundation of the D-REC platform is an important value proposition
contributing to facilitating access to finance for Decentralized Energy
Developers. We have identified that sector players are keen to use OSl and
open part of their own innovations. Yet, we see that the ease of use of OSI
is still a big challenge for several potential beneficiaries of some OSI.
Efforts shall therefore concentrate on high-quality user experience,
implementation guidance, and documentation.
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Electricity supply and satisfaction of energy service
needs among rural and peri-urban households and
small firms in Nigeria

Pelz, Setu?; Chinichian, Narges?; Neyrand, Clara? & Blechinger Philipp?
HIASA, SchloRpl. 1, 2361 Laxenburg, Austria
2 Reiner Lemoine Institut, Rudower Chaussee 12, 12489 Berlin, Germany
Clara.neyrand@rl-institut.de

Introduction

Rural and peri-urban populations in Nigeria continue to suffer from
unreliable and expensive electricity supply. Improving this situation is a
precondition for numerous climate adaption efforts in the region. Taking
positive, low-risk actions to fix the energy issue, however, requires having
an accurate assessment of the existing situation. While data describing the
rural and peri-urban energy access deficit exists, there is limited accurate
information describing the supply quality in the existing network and the
customerdés satisfaction of ea efrthpy
research project PeopleSuN, we therefore collected survey data from 3,599
Households and 1,122 Small and Medium sized Enterprises (SMEs) that
do have access to the national grid from 225 enumeration areas across
three geopolitical zones in Nigeria.> The surveys describe household and
SME energy supply and consumption to satisfy energy service needs. They
also capture other important socio-political parameters including energy
supply preferences, trust in institutions and several gender-disaggregated
variables.
Electricity supply in Nigeria

According to the World Bank (2020) the total electricity access in Nigeria
stood at 55.4% in 2020 with a big gap between urban and rural areas
(83.9% vs. 24.6%). However, our data shows that even in places that are
already connected to the grid, the electrical supply is often unreliable and
frequently interrupted by blackouts (see figure 1). We find that as a result
of these supply quality issues, many Nigerians have instead resorted to
self-generation using petrol and diesel generators as a way to satisfy their
energy service needs (see figure 2).

1 PeopleSuN stands for: People Power: Optimizing off-grid electricity supply systems in
Nigeria. PeopleSuN is a project funded by the German Federal Ministry of Education and
Research (BMBF) within the funding initiative "Client Il - International Partnerships for
Sustainable Innovations'
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Figure 1: Distribution of self-reported daily grid electricity supply duration on average over
the past week per zone

(a) Households (b) Enterprises
Primary Secondary Tertiary Primary Secondary Tertiary
North-Central North-Central
National grid connection 77.2% 17.2% 3.4% National grid connection 70.4% 22.4% 4.5%
Electrie generator 7.3% 26.1% 3.0% Electrie generator 17.9% 29.9% 2.9%
Rechargeable battery 25% 185%  95% Rechargeable battery 27% 7%  6.9%
Dry cell battery / torch 12.3% 26.6% 19.8% Dry ecell battery [ torch 5.6% 16.3% 8.3%
Other 0.7% 1.2% 5.3% Other 3.5% 2.9% 0.8%
North-West North-West
National grid connection 46.8% 29.6% 7.2% National grid connection 41.1% 35.2% 6.5%
Electric generator 6.9% 8.9% 2.3% Electric generator 34.7% 16.9% 1.3%
Rechargeable battery 74% 15.2% 2.7% Rechargeable battery 5.1% 10.5% 3.0%
Dry cell battery / torch 32.3% 28.0% 7.2% Dry ecell battery [ torch 10.5% 15.3% 8.9%
Other 6.4% 2.8% 2.0% Other 8.6% 3.8% 0.5%
South-South South-South
National grid connection 40.9% 42.5% 7% National grid connection 381% 48.3% 5.6%
Electrie generator 39.4% 23.1% 3.2% Flectrie generator 52.0% 17.9% 0.8%
Rechargeable battery 3.7% 128%  10.3% Rechargeable battery 1.9% 11.5% 8.5%
Dry cell battery / torch 10.7% 9.2% 12.2% Dry ecell battery / torch 3.7% 5.1% 5.1%
Other 5.3% 1.1% 3.4% Other 4.3% 0.8% 0.8%

Figure 2: Descriptive summary of primary, secondary and tertiary lighting sources at the
zonal level

Conclusions

Our work can inform decision makers, project developers and
researchers about the current energy supply situation in grid connected
rural and peri-urban areas in Nigeria. This information helps to derive
measures for increasing supply quality in these areas but also to estimate
future demands in currently not electrified areas.

The high rate of electric generator usage underlines willingness and
ability to pay for reliable electricity supply. Thus, (non-urban) electrification
is not only about new connections and initial access to electricity, but also
about increasing the supply quality in weak grid areas. We recommend to
analyze electrified households to identify appropriate (non-urban)
electrification measures.
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Rural Electric Cooperatives:
The 90-year Movement to Power Global Communities

Frank Bergh, P.E. NRECA International
4301 Wilson Blvd. Arlington, VA 22203 .
frankbergh@nreca-intl.org mobile: +1 571-422-5895

Introduction

Over the past 90 years, electricity access has evolved from a luxury
to an essential foundation for participation in an increasingly global
economy. Various electrification models and modalities have found
success in a variety of countries and contexts. Historically, the rural
electric cooperative model has been integral to achieving universal
electrification in the United States as well as near-universal electrification
in much of Latin America, particularly Bolivia, Guatemala, Costa Rica,
and Brazil. Moreover, the electric cooperative model has also been
instrumental in the electrification plans of several Asian countries,
including the Philippines and Bangladesh. Nevertheless, in Sub-
Saharan Africa, rural electric cooperatives have yet to play a leading
role in addressing SDG7 and the goal of universal access to reliable,
affordable, and modern electricity infrastructure by 2030, despite
the presence of a broad movement of economic and agricultural
cooperatives. This presentation will present an overview of the electric
cooperative model and its applicability to rural electrification in Sub-
Saharan Africa, both in grid expansion and mini-grid context.
Additionally, the presentation will provide an overview of
cooperative formation and governance along with current case studies
from Liberia, Uganda, Zambia, and South Sudan. The presentation will
offer recommendations for how electric cooperatives may offer lessons
to other stakeholders in national electrification planning including
private mini-grid developers, independent power producers, public
utilities, policymakers, and international donors.
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Inovasi Rural Economic Development Delivery Model

Andre Susanto
PT Inovasi Dinamika Pratama, Jakarta, Indonesia
andre@pt-inovasi.com

Introduction

Private sector investments in rural electrification has always been a difficult
proposition.  This is especially true for structuring a project financing
investment in individual projects or even a portfolio of rural electrification
projects. The offtaker risk of relying on electricity tariff collection from often low-
income families without a steady monthly income is too high for most private
sector investors.

Having conducted socio-economic surveys on over 700 remote area rural
communities related to energy access, our company developed the Rural
Economic Development Delivery Model (RED-DM). RED-DM takes advantage
of the use of renewables to provide access to electricity to then add significant
value to locally available commodities. The value-add component is by
processing and refining the commodities such as making Virgin Coconut Oil,
seaweed processing, distilling patchouli oil to be used in the fragrance and
essential oil industries, and cold storage/ice making for fishing villages. RED-
DM ensures that the economic value of the productive use of energy is
sufficient to pay back the investments in the energy access related assets.

How it Works

While each rural community may have their own specific high value
commodity to be processed, RED-DM focuses on the methodologies of
developing financially viable energy access investments in rural communities.
RED-DM6s scal abil ity i stifyingmotenttalecommundiese s s
through desk studies, identifying the business opportunities of the local
commodities, and identifying the investment viability.

A desk study of the remote area rural communities are conducted to identify
whether they have zero access to energy or some access to energy. Quality,
guantity, cost, and type of energy available will also be identified as part of the
electricity generation preliminary sizing and high level design to determine
approximate investment value required to provide reliable, affordable,
sustainable and modern electricity, The next step is to identify the potential
economic development value in the immediate, short, and medium term. The
final step is to run the financial model of the commodity processing revenues
and profits against the investment costs of the energy access equipment. The
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financial model and contracting structures are designed to provide the
investors a reliable cashflow with a clear pathway on how the community will
have the ability to pay.

Pilot Project

With our co-investor (ion Ventures) and an international clean technology
startup accelerator (New Energy Nexus), our company developed the RED-
DM methodology and applied them to study six remote area villages in Central
Sulawesi province of Indonesia. The business model is that the project SPV
owned by ion Ventures will have an equipment lease agreement with the local
village owned company. This village owned company will collect the electricity
tariff from the consumers as well as the profit sharing from the productive use
of energy businesses.

Because the investorbés project SPV

agreement with a fixed payment amount, a large portion of the offtaker risk has
been mitigated. The largest portion of the offtaker risk (which is the willingness
and ability to pay) has also been mitigated by ensuring that the commaodity
processing has the capability to earn their income as projected.

The most important lessons learned from this pilot project is that in

combination with our companyodés Modul

SWAG) topology, additional risks can also be mitigated to provide a
comprehensive derisked rural electrification investment package to the
investors. Using the Modular SWAG topology will further reduce the capital
expenses required upfront, and minimize future capital expense requirements
when additional generation and energy storage is needed.

Conclusions Sl oo G oo
RED-DM provide a project "

development methodology _

and a business model that

significantly  derisks  rural

electrification investment by oy

the private sector. In many

Electricity Tariff

Electricity Tariff

[ [ 1 .
cases, RED-DM can E‘E; [t@ L"i@ L’fg tim 5 4 pUE profit
Ed

¥ ¥ ¥ ¥

eliminate the need for

unsustainable grant funding of rural electrification projects. RED-DM can allow
private sector investors to take part in rural electrification project investments
without the traditional of ftaker ri
SWAG topology as the technology component, investors can reduce the cost
of capital expenses, remove the risk of overstated demand growth projections.
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Lessons learned:
Solar Powered Cold Rooms in the Field

Florian Martini (1), Géraldine Quelle (1), Dr. Ana Salvatierra Rojas (2),
Sonja Mettenleiter (2), Dr. Victor Torres Toledo (2)

(1) Phaesun GmbH, Brihlweg 9, 87700 Memmingen, Germany
(2)-Solar Cooling Engineering GmbH,Donaustraf3e 38, 87700
Memmingen,Germany
Phone: +49 (0) 8331 990420, e-mail: info@phaesun.com,
website: https://www.phaesun.com

Background

Due to the lack of cooling facilities in rural areas where most agricultural
production takes place, there are considerable post-harvest losses. According
to different studies, post-harvest losses can be as high as 50% in rural Africa.
Solar powered cooling solutions that can run independent from any existing
infrastructure have the potential to increase productivity.

Technical Solution

The SelfChill approach promoted by Phaesun and Solar Cooling
Engineering, is a concept for solar-powered modular cooling solutions that
provides local companies with the know-how and supply key components to
manufacture solar cooling systems locally. SelfChill solutions count on
innovative cooling units which run on direct current (DC), use natural
refrigerants and allow the use of thermal storage instead of electrical storage.
The systems are furthermore fully modular and suitable for several applications
such as cold rooms, milk cooling and ice block production.

Solutions suitable for local production

Selfchill
Solar Cooling Unit
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Our modular cooling solution is being promoted in 9 countries in Africa as

showed below.
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1 Cold Room
Lessons learned

In rural areas, where access to cooling is most needed, there are currently
insufficient suppliers due to high distribution barriers. Even though many rural
electrification projects have been successfully implemented, access to cooling
solutions requires further efforts to understand the potential of specific cooling
technologies in the local setting. This is where capacity building for the use of
the technology still needs to be improved. Our approach provides not only
support on the technical side, but also comprehensive integration of the cooling
system.

The system design is continuously improved and adapted to optimize it in
terms of robustness, durability and user-friendliness.

Conclusions

The innovation of solar walk-in cold room powered by solar energy, is being
introduced to various value chains:

A Collaborating on product development by bringing together organizations
such as research institutes and private companies that become the local
trainees and the technology suppliers, respectively.

A Developing a variety of control options to manage the cold room for our
local operators.

A Creating a basic knowledge of overall storage control and the crop being
stored.

A Considering local stakeholders, whose feedback on technical decisions
inevitably leads to the definition of the needs to be met.
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Strengthening commercial viability through greater
inclusion in rural mini grids: Insights from Nigeria

Temilade Sesan?, Unico Uduka?, Okechukwu Ugwu?, Ewah Eleri2
lUniversity of Ibadan, Ibadan, Nigeria
2International Centre for Energy, Environment and Development, Nigeria
temi@gbengasesan.com, +234 802 676 6327, https://cpeel.ui.edu.ng/

Background to the study

Theenergyaccess deficit in Nigeria is
206 million people,* only 55 percent are electrified,? and even this modicum of
access is dogged by frequent outages and low quality of supply. As a result,
self-generation is the norm in the country, with many in urban areas and, to a
lesser extent, rural ones, relying on polluting diesel and petrol generators for
power.

Against this background, renewable and hybrid mini grids are widely viewed
as a way to simultaneously address the energy access gap and achieve low-
carbon growth, especially in rural areas currently unserved by the national grid.
Consequently, the mini-grid sector in the country has grown rapidly over the
last decade. Seeing an opportunity to make an impact in rural areas while
i mproving their bottom Iines, early
commercial viability of selling mini-grid electricity to the poor. Today, a few
notable private developers have substantial operations across the country and
are seemingly on the cusp of exponential growth and expanded profits.

To understand the dynamics of the financial sustainability (or otherwise) of
mini grids in Nigeria, we conducted key informant interviews with leading
private developers as well as in-depth interviews and focus group discussions
with representatives of households and businesses in 13 project sites across
the country. We found that, notwithstanding the apparent progress being made
in the sector, rates of mini-grid electricity uptake and cost recovery in rural
communities are low, posing a threat to the financial sustainability of projects
in the medium to long term. Our findings challenge the widespread assumption
that rural energy poverty can be addressed through conventional business
models and indicate an urgent need for models that serve the majority of rural
dwellers while remaining commercially viable.

! https://data.worldbank.org/indicator/SP.POP.TOTL?locations=NG
2 https://trackingsdg7.esmap.org/country/nigeria
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Results and recommendations

We argue that a combination of demand-side stimulation and demand-side
subsidies is required to make rural mini grids more viable and inclusive. The
need to stimulate electricity use within project communities has long been
recognized by developers, leading to the proliferation of initiatives cuch as the
financing of end-use equipment for productive users. The limited success of
such initiatives however indicates that the origins of low productivity are more
remote, and demand stimulation needs to occur at much earlier stages of the
value chain. A more innovative and effective approach to demand stimulationi
as demonstrated by at least one developer in the
context i would be to recognise that the starting

point may not be facilitating access to agro-
pEucS Uss processing equipment, for instance, but
#1 - Establish improving agricultural yields by helping
BT es smallholder farmer secure credit and inputs such
as seedlings, machinery and storage facilities.
This approach has shown considerable promise (in one case, output more than
guadrupled within one planting season), and holds the key to expanding the
base of anchor mini-grid customers from a handful of MSMEs to the much
larger constituency of agro processors in rural areas.

1 Increasing

viability #3- Expand

productive use
opportunities

#2 - Enable

Even with demand-side stimulation, however, there remains a need to
bridge the significant gap between
mini-grid electricity on the one hand and their ability to pay for it.2 This is often
the case even when developers have attempted to establish the commercially
viability of sites a priori and grants are available to offset some of the costs to
end users: the reality is that the earning power in many rural households is too
low to support the still-high tariffs for mini-grid electricity in the country.* This
is where demand-side subsidies, perhaps delivered through a social enterprise
model in the most vulnerable communities, can be helpful.> The form that such
subsidies should take is the subject of further research and engagement.

3 ldegwu, C. (n.d.). Demand-side subsidy framework and consumer financing for renewable energy
affordability. Abuja: Heinrich Boell Stiftung and Renewable Energy Association of Nigeria.

4 There is an energy justice component to the argument for demand-side subsidies: grid subscribers,
most of whom live in cities and are wealthier than rural dwellers, are able to pay far less for energy
precisely because of longstanding government subsidies on grid electricity.

5 Indeed, cross-subsidisation already occurs within firm operations: the more established developers
have a diverse portfolio of projects of varying scales spread across urban and rural areas, and the
gains from the former help to cover some of the losses from the latter.
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Correction of the ASAE S580.1 procedure for deriving
the standardised power of solar cookers

Celestino Rodrigues Ruivo 1#, Gianluca Coccia 2#, Giovanni Di Nicola 2#,
Antonio Carrillo-Andrés 3#, Xabier Apalolaza-Pagoaga 3#wer of solar cookers

#1, Department of Mechanical Engineering, Institute of Engineering, University of
Algarve, Campus da Penha, 8005-139 Faro, Portugal;

ADAI - LAETA, Rua Pedro Hispano n°12, 3030-289, Coimbra, Portugal

#2, Marche Polytechnic University, Department of Industrial Engineering and
Mathematical Sciences, Via Brecce Bianche 12, 60131 Ancona, Italy

#3, Energy Research Group. Department of Mechanical, Thermal and Fluids
Engineering, University of Malaga. Calle Arquitecto Francisco Pefialosa, 6,
29071, Malaga, Spain
Corresponding author contact: +351289800100 , cruivo@ualg.pt, www.ualg.pt

In the present work, an error in the ASAE S580.1 Standard, a protocol
widely used for reporting the thermal performance of solar cookers, is
communicated to the scientific community. This error is due to the physical
inconsistency of the procedure supporting the ASAE S580.1 to report the
standardised cooking power of a solar cooker. The linear regression of
standardize power does not follow the well-known Hottel-Whillier-Bliss
equation written in dimensionless format. Thus, a major correction to the
procedure for adjusting power s requ
procedure for estimating the standardised power includes a correction for
the difference between the load temperature and the ambient air
temperature. It is derived from a simple theoretical deduction, similar to the
ones usually applied to solar thermal flat collectors for water heating at
steady state. The correction factor relates itself with the ratio between the
measured solar irradiance and the solar irradiance chosen as a standard
value. The error produced by the Standard procedure is estimated from
test results of a funnel cooker loaded with water.
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As excample, Fig. 1 illustrates the linear regression curves associated
of power of cooker and temperature difference between load and ambient
temperature for points using i) power calculated directly measured data (

Q , O 3), i) standardised power values at solar irradiance of 700 Wm=2 as

recommended by ASAE S580.1 (Q'S,Dl'f,a) and iii) at the standardised
power values at a solar irradiance of 700 Wm by following Hottel-Whillier-

Bliss equation (Q", Dl'ffa).

D14(°C)

0 20 40 60 80 100 120 140 160 180 200
200 200
180 180
160
140

120

0 20 40 60 80 100 120 140 160 180 200
DOT1,(°C)

Fig. 1. Linear regression curves associated with power variables Q QS
and Q" .
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Hydrogen with photovoltaic energy for Solar Cooking

Moia Pol, Andreu; Martinez Moll, Victor; Canals Guinand, Vincent
Engineering Group, Industrial Engineering and Construction Department,
University of Balearic Islands
Cra Valldemossa km 7,5. 07122 Palma de Mallorca. llles Balears. Spain. Phone:
+34 971171374
e-mail: andreu.moia@uib.es web: http://www.uib.es

Introduction

The price of the electricity has grown a lot the last year, arriving to peaks of
400 0/ MWh, nwhpirloed,u cvelde wi t h PV the pri
Gas prices and gas futures fell to 17C¢C
|l evel s of above 30004/ MWh <@22 ras Bumpe Ma r
managed to replace some Russian supply with LNG. In Spain and in most
countries, poorest people are not connected to the Natural Gas Grid or who
leave out of the urban areas, use the traditional bottle of LPG (Butane or
Propane). The price of the butane bottle of 12,5 kg, in Spain is the reference
for the poorest people, hasrisenin oneyearfrom 11t o mor e /kghtlah 2
means the energy cost has risen from
addition to other energy increases (Electricity, Diesel, Gasoline,) has increased
the Energy poverty in Spain and in lots of countries in the world, developed or
not.

Hydrolysis of water, which is one of the most known and simple
technologies producing Hz and Oz, even though was discovered centuries ago,
seems to be the vector of energy to solve all the problems of energy in the
world, specially using fuel cell, during the last 40 years. There are still very high
prices in the fuel cell production, due to the components of the membrane
being very expensive. Another big issue, is the transport of the Hydrogen,
which has to be compressed, and this decreases the efficiency of the H, and
makes it more expensive. Use the Hydrogen on site combined with PV
systems could be a solution for use these technologies in all the world for
Industrial and thermal applications. Using the Hydrogen for thermal
applications is very easy to apply with simple technologies only electricity and
a Hydrolyzer, there are a lot of commercial offer, but in some not developed
countries could be quite easy to manufactured.

The minimum required for electrolysis is approximately 1.23 V, but the PV
systems the work from 6 to 36 V, t ha
hydrolyzer could work. If electrolysis is carried out at high temperature using
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conventional solar thermal systems or conventional solar cookers, this voltage
is reduced. This allows the hydrolyzer to operate in theory at greater than 100%
electrical efficiency.

Solar cooking with H;

The hydrogen has some advantages, could be storage, is not necessary to
cook during the sunny hours, compared with the electric cookers the batteries
could be reduced or eliminated and the electricity of the PV systems could be
used directly for the electrolysis, increasing the efficiency and avoiding
electronic components. According of the temperature of the water the
efficiency of the hydrolyzer could be bigger or smaller, between 50%-70% and
the temperature of combustion is similar to the standard kitchens arriving to
more than 1500°C, no one of the solar thermal cookers could arrive to these
temperatures, most of them they work with temperatures of 80 to 120°C,
enough for cooking, but as higher is the temperature, lower is the efficiency,
they can have efficiencies from 50% to 10%.

Most of the commercial hydrolyzer give us an enough pressure for be
storage and use for conventional kitchen, we only need 30 mbar or less.
According to the power of the kitchen more storage will be needed or higher
power of the Hydrolyzer.

The PV systems they have between a 10 to 20% and the Hydrolyzer has
an efficiency of between 50%-70%,t hat 6 s gi ve as a gl ob
5 to 14% but with higher temperatures that could be used in many other
applications even for small industry and manufactures (jewelry, forge,.). The
price of the system is very small compared with the solar cookers and the price
of the energy wild.l be |l ess than 80 G
hydrolyzer and the storage needed. If we compare with small PV systems with
inverter and battery t he Thedraditional sookers g h «
have higher efficiency than the propose system, but with some disadvantages.
Cloudy days or at night we could use the hydrogen, and sunny days or days
than the people have more time to cook could use the traditional.

Conclusions

The Hydrolyzers with PV or with PV and Solar Thermal energy could be a
cheap and stable solution for reduce the energy poverty and have constant
prices to have energy for cooking and other applications.
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Airborne Wind Energy - making wind resources
accessible in remote areas and islands

Kristian Petrick
Airborne Wind Europe, Rue de la Renaissance 1, 1000 Brussels, Belgium
M: +34 637 710 451, kristian.petrick@airbornewindeurope.org,
www.airbornewindeurope.org

Introduction

Airborne Wind Energy (AWE) allows accessing the large, yet still untapped
wind resource at altitudes up to 800m enabling more energy to be extracted
with up to 90% less material and eventually at lower cost. Today, the first AWE
systems of up to 200 kW are commercially available.

S \H

Concept

Airborne Wind Energy (AWE) is the conversion of wind energy into
electricity using automatic tethered flying devices. Most concepts convert the
pulling power of the flying devices over a winch and a generator on the ground
(either through a pumping cycle or through rotation), while others combine
onboard-rotors with generators in the aircraft and a conducting tether.

Ground-gen pumping Fly-gen Ground-gen rotary

& .,,,,,,ﬁ -

Advantages of Airborne Wind Energy

1 Low material use: Replacing the tower of a wind turbine by a lightweight
tether substantially reduces the material consumption (no need for
foundation, tower, blades), thus decreasing the environmental impact with
regards to the carbon footprint over the life-cycle as well as reducing visual
impacts.
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1 Access to additional wind resource: Wind at higher altitudes is a large
renewable energy resource that has not been exploited so far.

1 High capacity factor: AWE allows for continuous adjustment of the
harvesting altitude to the best available wind resource. This increases the
complementarity to other renewables in both stand-alone but also hybrid
systems with solar PV, hydrogen and/or (bio-) diesel and thus provides
benefits for energy access and system integration.

9 Low costs: The decrease in capital costs (CAPEX) due to low material use,
the increase in capacity factor, the easier logistics and quick set-up as well
as the high power density per square-kilometre can potentially lead to a
substantial reduction of the levelized costs of wind energy (LCOE).

9 Ideal for islands and remote areas: As containerized, scalable solution,
AWE allows accessing many markets and locations like islands,
mountainous, environmental sensitive and remote off-grid locations where
logistics for established wind turbines are challenging or not even possible.
AWE can also be quickly deployed to supply disaster-relief power; and in
regions affected by hurricanes or typhoons, kites can be landed and stored
safely.

Sector status and outlook: First commercial systems on islands

The first companies have started commercialising their systems. A major
milestone was achieved in 2022 when Skysails Power connected their 150kW-
softkite ground-gen system to the grid of Mauritius where its output substitutes
theislan d 6 s -deinexased power.?

AWE developers target the onshore on-grid and off-grid markets in Europe
and globally, including remote areas and islands in Africa, Asia and America.

A recent paper commissioned by
Airborne Wind Europe shows that by
2031 about 1 GW of AWE systems can
be installed and by 2050 up to 277 GW of
globally deployed capacity are possible.?

1https://skysailspower.com/revolutionaryairbornewind-energysystenin-operationin-the-
republicof-mauritius/

2 BVG Assaociates 2022. Getting Airborhéps://airbornewindeurope.org/press
releases/whitepaperfor-the-airbornewind-energysectorby-bvgassociates
commissioneeby-airborne-wind-europe/
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Thermal Performance Assessment of a Hybrid Space
and Water Heating System

Lavhelesani Maluleke?! Dr. Richmore Kaseke! Prof Sampson Mamphwelit
1Centre for Renewable and Sustainable Energy Studies (CRSES),
Corner of Banghoek and Joubert Street, Stellenbosch University,
Stellenbosch, 7600, South Africa,

Main or corresponding author contact: +27 21 808 4069 ,maluleke@sun.ac.za,
https://www.crses.sun.ac.za/

Introduction

In Ilight of South Africads energy
fossil fuels, it is crucial that the country capitalize on its abundant renewable
energy resources that it possesses in order to reduce its dependency on non-
renewable energy sources. Coal is the dominant energy source in South Africa
and constitutes around 72% of the country's overall primary energy supply [3]
[2]. The residential sector is one of the most significant sectors when it comes
to electricity consumption. It accounts for approximately 20% of the country's
overall grid electrical energy, and at peak times, the demand may reach as
high as 35% of total national demand [1] [2].

The process of heating water using electrical resistance consumes a
significant amount of energy in the residential sector. Up to 40% of an average
overall household's energy bill may be attributed to heating water [4].
Therefore, South African households might benefit from the adoption of
energy-saving or renewable energy source technologies for domestic hot
water preparations. This has the potential to contribute to alleviating the
severity of the daily energy crisis as well as reducing energy expenses in
households. The South African government has increased its emphasis on
promoting renewable energy and energy efficiency in different sectors,
including the residential sector, to enhance the security of energy supply and
reduce greenhouse gas emissions. As such, it is mandatory to equip all new
buildings, including all houses, with energy-saving measures since the
implementation of the SANS 10400 XA under the National Building
Regulations (> 50% of the annual volume of domestic hot water must be
supplied by non-electrical resistance heating) [3]. This study aims to evaluate
the thermal performance of a hybrid water and space heating system for a
single-family household as well as to explore its economic feasibility.
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System Description

This research analyses and assesses a hybrid system that was installed in
Milnerton, which is a seaside suburb on Table Bay situated north of the city
centre of Cape Town, South Africa. Installation of the system was carried out
as part of the Southern African Solar Thermal Training and Demonstration
Initiative (SOLTRAIN). Figure 1 depicts the simplified hydraulic scheme of the
hybrid system for space and water heating. As can be seen in this figure, the
energy needed to heat the water in this system may come from one or a
combination of up to three distinct sources: solar energy, bio energy, and the
electric grid. The water heated by the system is stored in a 650-litre storage
tank with internal coil heat exchangers. The solar loop and the wet stove are
both linked to the bottom coil heat exchanger. The bottom coil heat exchanger
is coupled to the under-floor heating, and the top coil heat exchanger is
attached to the hot domestic feed.

4.4 v fat plate
collector amay

ater
A hest | Figure 3 Hot water piping network to | Figure 4: 12 kW air source heat
tank (No lagging pump

Figure 6: Hybrid space and water heating system

Preliminary Results and Conclusions

The performance of the system is assessed by analyzing monitoring data
gathered over the course of a year of operation. Figure 2 shows the monthly
breakdown of the water heating system's thermal energy balance. Input and
output energy data are presented on a monthly basis. The total energy
produced by the system was 12370 kWh, while the total energy used was 9558
kWh. The heat pump accounts for around 66% of the required heating
capacity, with the solar thermal system covering about 30% and the wet stove
system meeting the remaining 4%.
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Energy Balance
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Figure 7: Monthly energy balance

The monitoring data will be used to develop and validate a model which can
be used to optimize the performance of the system. In addition, the data will
be used to study the effect of heating load and ambient temperature on the
performance of the system. The potential for cost and energy savings as well
as an environmental impact assessment in terms of the carbon footprint will be
evaluated. The results of this research will also provide light on the viability of
under-floor heating in South African context.
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Background

Conventional solar cooling systems commonly rely on alternative current
(AC) cooling devices, which require an inverter and large batteries. These
solutions often are not designed for solar appliances, have a high start current,
use refrigerants with a high global warming potential (GWP) and do not offer
options for thermal storage. Solar Cooling Engineering and Phaesun have
developed a modular system for storage rooms using key components to
address the deployment challenges of conventional refrigeration systems.

Approach

The SelfChill approach |s.a concept' for solar- l;;z;;.- C’ Q LOW GWP
powered modular cooling solutions that o T
provides local companies with the know-how T I
and supply key components to manufacture \ /

solar cooling systems locally. Training our
local partners facilitates the implementation
of solar cooling solutions manufactured and
tailored to the end user's needs. With this
approach, the central part of the value chain /

lies in the target countries, leading to job  Meder o sitsie

for Local Production

creation, higher value addition and '
sustainable implementation of the @?{‘{i& ﬁ
;t

technology.

Solution

The SelfChill storage room counts on an innovative cooling unit that runs
on direct current (DC), use natural refrigerants and allow f thermal storage
instead of electrical storage. Ice is generated during solar radiation hours.
Small and optional batteries can be utilized to use surplus energy to extend
the operation of the cooling units after sunset. At night, the SelfChill water
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chiller (ice storage) provides cold water, which is pumped to a heat exchanger
(fan coil). SelfChill cooling units optionally run without batteries. In this case,
PV panels are connected directly to the cooling units as a direct-drive system;
a small battery is used to run the water pump and the fan coil at night. SelfChill
is specially designed for solar energy and high ambient conditions.

vs.
Conventional solar cooling system SelfChill system

Most efficient heat transfer from water to ice

PV-Panels

Cold Room Modul Cold Room
lodular
T and E
_— [ flexible S
Controter AC heat oler Fan coil

pump By <K i

f ':és:&’ sz [ |Seme acestl

ﬁD‘-" Inverter ao | T:,E:ﬁ [T —

water
" Batenes | etne. oo | Water chiller with~__ [-SS08.  So@m |

SelfChill cooling units

DC cooling units Water (resp. ice) as main energy
for ice production storage medium

Runs with small batteries
or battery-free

Conclusions

The SelfChill approach is based on intelligent control of the energy flow to
convert as much of the PV electricity as possible into ice, which is stored in the
water chiller. Since cold energy is stored in ice, higher cooling power can be
delivered, e.g., once products are introduced into the storage room at night,
while the overall system is very resilient against periods of low solar radiation.
The modular design allows the adaptation of the system to the local
requirements, considerably facilitating the deployment of sustainable storage
rooms.
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Scaling up mini-grids business case in Africa:
Can remote monitoring help?

Marco Pittalis 2, Ana Sancho ?, Sandor Szabo 2, Marilena Lazopoulou P
Magda Moner-Girona 2
a: European Commission, Joint Research Centre (JRC), Ispra, Italy
b: Trama TecnoAmbiental, Barcelona, Spain
marco.pittalis@ec.europa.eu

Introduction

In the last 10 years the number of installed mini-grids in Africa grew 4 times,
reaching 3100 systems in 2022. The installation of additional 9000 systems is
currently being planned. However, a substantial scale-up in mini-grids
deployment is needed to reach universal access by 2030.

Most of the future systems are expected to be third-generation mini-grids?
boosting latest technologies such as smart meters and remote monitoring
systems. Remote monitoring technology leverages data generated from
electronic devices and sensors installed in the mini-grid to monitor in real time
multiple sites and generate alerts and analytics on mini-grid performance. This
technology can be classified depending by the level of automation and
remoteness used. For example, in automated remote monitoring systems
(ARMS) mini-grid data is collected remotely and processed by data portals that
require minimum human supervision.

ARMS can contribute to improve mini-grids business case in terms of better
operation and maintenance through: i) improved lifetime of hardware
components, ii) reduced costs of logistics, iii) optimized used of human
resources.

Based on data collected from seven mini-grids developers, covering 49
mini-grids across seven sub-Saharan countries, this study presents evidence
of the growing use of ARMS and quantifies the economic benefits that this
technology can unlock.

Understanding mini-grid developers perception toward remote
monitoring

Surveyed companies use ARMS technology supplied either from an energy
equipment provider or by a third party technology vendor. Features range
between basic and advanced ARMS. Over the last five years the level of
importance toward ARMS has grown considerably. Firms aim to use ARMS to
learn from current operations and improve future mini-grids implementations.

'AESMAP Mi ni Grids for Half a Billion Peopl e: Mar ket Outl
2Based on AESMAP Mini Grids ftomuldadlofoka aBidl Haom bPekp If ®r D
definition of third generation mini-grids.
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Other areas of interest are opportunities for reduced operation and
maintenance (O&M) and facilitated reporting to investors. However, firms also
perceive a number of barriers toward the adoption of ARMS. These include
data connectivity in the site considered as not good enough for ARMS, the cost
of ARMS platforms and compatibility with mini-grid components.

Improvement of mini-grids business case through remote monitoring at
reach

The main operational expenditure (Opex) costs for surveyed mini-grids
typically include site visits, human resources and fuel for the diesel generator.

. E

This study shows that for these cost lines the use of ARMS can lead to
relevant savings. Regarding site visits, companies can use ARMS to reduce
the number of site trips and make better informed technical interventions when
a visit is mandatory. Benefits can also be achieved in terms of optimization of
human resources as companies as technical staff can use ARMS to monitor a
larger portfolio of mini-grids or reduce the number of hours dedicated to pure
monitoring activities. Finally, in the case of hybrid mini-grids, benefits are
possible also in terms of reduced fuel consumption for the diesel generator
thanks to the use of automated control. Aggregating savings from each cost
line shows that using ARMS leads to a reduction of Opex cost lines for the
large majority of companies surveyed.

Conclusions
This study presents evidence of how ARMS can positively impact mini-
grid& business case and of how developers are embracing this technology.

The use of ARMS is promising for mini-grids in general and in particular for
systems delivering energy services to remote social infrastructure. Over time
ARMS uptake should also become smoother thanks to lowering of barriers
such as data coverage and related connection costs, as well as better
standardization of energy equipment.

More research considering a larger set of mini-grids and expanded data
sample is needed to further validate ARMS impact and savings potential.
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Introduction

A battolyser, (combined battery and electrolyser), has the potential to be a
promising solution to energy access in microgrids in combination with a
renewable energy source. In a microgrid, diesel generation and energy storage
is usually required for ensuring a reliable and resilient power supply. However,
diesel generation is a source of carbon emissions and traditional batteries have
limitations in terms of energy density and charging time. The joint functionality
of a battolyser as both a battery and producer of hydrogen allows for the
production of hydrogen, which can be stored and used as a fuel source. This
provides the potential for clean cooking as a charcoal or other replacement.
This work looks in more detail at the development of a lead acid battolyser and
uses a case study approach based on a community in Zambia to look at trade-
offs in battolyser sizing.

Battolysers

Battolysers were first developed in 2017 using *Nickeli Iron chemistries.
The battolyser works as a battery until an over-potential is applied at which
point it works as an electrolyser. The same electrodes are used for both battery
and electrolysis functionality. The electrolyte needs to be circulated to remove
the bubbles produced i this is typically done as a flow cell design similar to a
flow battery. This work was extended to lead acid chemistry in 20212, There
are several advantages of a lead acid battolyser. These include; access to a
mature recycling chain and no requirement for Nickel (which is in demand for
electric vehicles 3). One of the lessons learnt in this work is the requirement

'F., M. Mulder, B. M. H. Weninger, J. Middel koop,

electricity storage with a battolyser, an integrated Ni-Fe batteryand el ectr ol yser , 0
Sci., vol. 10, p. 756, 2017.

2 M. Brenton, J. Barton, D. Strickland, J. Wilson and U. Wijayantha-Kahagala, "Lead-acid battolyser
concept," 11th International Conference on Power Electronics, Machines and Drives (PEMD 2022),
Hybrid Conference, Newcastle, UK, 2022, pp. 64-70, doi: 10.1049/icp.2022.1018.

SA. H. Olafsdottir and H. U. Sverdrup, #AModeidlI i
Use and Price Under Different Resources and Demand Assumptions for 1850-2200 , 6 Mi ni ng
Metallurgy & Exploration, vol. 38, pp. 819-840, 2021.
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and process of effectively oxygen hydrogen
removing the pump from the
design. Figure 1 below shows a positive clectrode ||
block diagram of the lead acid  _ ead oxide
battolyser where, the pumps
have been replaced by
circulating electrolyte caused by
the buoyancy of the bubbles. ! I

electrolyte

Figure 1 i Battolyser concept Gas separator

figure This has resulted in a Figure 17 Battolyser concept figure

flooded single cell design which

can be assembled similar to a battery pack, with extra ports to remove the
hydrogen to the system. This improvement ensures the installation is more
straightforward than other types of flow battolysers. Current work is looking at
manufacturing a full size cell to undertake performance (hydrogen production)
and durability testing.

l Negative electrode
- Lead

Case study in Zambia

Time spent on cooking varies with women spending most of their day in
cooking related activities. The main source of fuel is firewood and charcoal. It
can take 6 hours to cook beans and 3 hours to cook rice and vegetables in
traditional ways but less with modern cooking. Hydrogen storage requirements
for cooking are difficult to gauge for sizing. A discussion around this is required

: -
| Flow Lab smap] [ | Flow Prototype [Hooded Prototype

Figure 2 — Battolyser prototyping photographs from flow cell to flooded design

Conclusions

The work concludes
there is potential to use
battolysers as a source of
fuel. However, social
sciences and economic
studies are required to fully
understand the potential :
for large scale roll out. Figure 37 Traditional cooking in Zambia
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Introduction

The need for the standalone microgrid is increasing due to several
factors, such as increasing the access to electrification, electrification of
vehicles, provision of medical and educational services in remote areas
and reducing greenhouse gas emissions in generation. The optimal design
of the standalone microgrid is essential to save costs and enhance system
efficiency. Several software tools are available in the market to design and
analyze these systems. However, each software may produce different
results for a given set of inputs because of the distinct optimization
algorithm used. Hence, it is interesting to evaluate these software tools to
understand the differences in their results. In this regard, we have
developed an inventory and evaluation of tools that are publicly available
(free or paid) to support the design of microgrids and the development of
cases for microgrids and/or edge-of -grid applications.

This work is one of the activities of the IEA PVPS task 18 project. Task
18 is an internationa | coll aboration under t
system Programme (PVPS) Technology Collaboration Programme (TCP).
Task 18 is focused on gaps identification and research initiatives to forward
the progress and knowledge sharing for off-grid and edge-of-grid solar PV
systems.
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Software selection for standalone microgrid design and criteria for
comparison

Numerous software tools are reported in the literature for microgrid
design, study, simulation, and optimization!. However, HOMER Pro and
iIHOGA can optimize the design of the standalone microgrid using the
derivative-free algorithm (in HOMER Optimizer) and genetic algorithms,
respectively.

We will compare these software tools in multiple aspects for different
case studies (we considered four). To do that, we have defined the criteria
for comparing these software tools, which include input requirements,
power plant size suggestion by software, economics, emissions, the
complexity of software, and other parameters. The workflow for the
evaluation of software tools is shown in Fig. 1.

Define input parameters as per the case study

With this inputs, configure a standalone microgrid
and run the optimization in HOMER Pro and iHOGA

Use the results obtained from HOMER Pro and
iHOGA for comparison based on the defined criteria

Based on the comparison of all case studies, list the
advantage and disadvantage of the software tools
mainly in terms of functionality and solution provided,
and examine the difference in results obtained.

Fig. 1: Flowchart of the workflow for the software tools comparison for standalone

microgrid optimization.
Conclusions
This work will present the evaluation of the publicly available software
tools for microgrid design. Here, the simulation of different case studies
using HOMER Pro and iHOGA will be performed for the same input
parameters. Then, the results from both software tools will be compared.
We will present the results during the conference.

1Shaikh PH, Shaikh A, Memon ZA, Lashari AA, Leghari ZH. Microgrids: A review on optimal
hybrid technologies, configurations, and applicatidns.J Energy Res. 2021;45:12584597.
https://doi.org/10.1002/er.6666
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Introduction

In this talk, we present Autarky, a novel open-source software, which
allows to find the optimal hybrid mini-grid design and the optimal dispatch
considering uncertainties.

Effective approaches to decrease investment risks of hybrid mini-grids
includes: optimal sizing and digital operation. The intermittent nature of the
renewable energy sources, frequent unplanned outages from developing
countries' centralized grids, mini-grid's limited storage and load capacities,
as well as the mini-grid's capacity to operate either in parallel with, or
autonomously of, the weak national grid, pose new challenges to the
classical power system's investment and operation tasks [1].

Although some computer-aided decision tools exist for sizing HOMER
[2] or DERCAM [3] and operation management of mini-grids [4] they
decouple the investment sizing problem from the operational problem and
dondét consider uncert ai ntcdhes.gormutating
the optimal design and dispatch of a mini-grid in a disjoint way can result
in having an optimal operation but an oversized power system (i.e. if diesel
isn't used in any season). When uncertainties are neglected, decisions
carry a high risk of being sub-optimal.

Autarky is being created with novel mathematical tools of stochastic
optimization and bilevel programming. Autarky software will be offered as
open-source to the Energy Access community.
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Pilot Project: JUMEME, Tanzania

We present the current dispatch strategy of a solar mini-grid in
Tanzani a, wher e t he i nverter 6-s80w 0op
measurements. Whereas Autarkyds stoc
forecasting of upcoming events as well as forecasting errors of demand,
solar radiation.

Toallowaminigr i d to be run by Autarkyo:
mini-PC is connected to both the generator and the battery inverter. This
allows the mini-PC to change the settings of the inverter to control its
operation. For example, the mini-PC could change the lower SOC limit,
which would allow the inverter to discharge the batteries more/less. In
combination with the information from our forecasting model, this allows us
a more optimized operation compared to the static "default state".

Conclusions

Autarky is an open-source stochastic optimizer for hybrid mini-grids. We
will show our main advantages with respect to existing softwares, as well
as future work.

We hope that increased transparency in scientific electrification planning
and operation can reduce the barriers of entry to African domestic
companies, which currently result from high license costs and reduce
operating expenses.
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[1] Gonzélez Grandén , F. Cuadra Garcia, |. Pérez-Arriaga, A Market-Driven
Management Model for Renewable-Powered Undergrid Mini-Grids. Energies.
2021; 14(23):7881

[2] HOMER PRO. https://www.homerenergy.com/products/pro/docs/index.html.

[B]1C. Marnay. fAOptimal technol ogy shuildiegct i
mi c r o glm: IEEEsTéansPower Systems (2008), pp. 9751 82.

[4] S. Berendes and P. Blechinger. A Si z i naptimaatiah of mini-grids with
microgrids: an open-source modelling too | 0o . I n: 3t h Hybrid
Workshop (2018)

192


https://www.homerenergy.com/products/pro/docs/index.html

CLOVER: Modelling Technologies to Support Energy
and Clean-water Access

Benedict Winchester 1,2, Paloma Ortega-Arriaga 2,3, Hamish Beath 2,3,
Philip Sandwell 2, Oytun Babacan 4, Ajay Gambhir 2,
Christos N. Markides 1 and Jenny Nelson 2,3
1. Clean Energy Processes (CEP) Laboratory, Department of Chemical
Engineering, Imperial College London, London, SW7 2AZ, UK
2. Grantham Institute-Climate Change and the Environment,
Imperial College London, London, SW7 2AZ, UK
3. Department of Physics, Imperial College London, London, SW7 2AZ, UK
4. Transdisciplinary Studies in Global Change,
Brunel University London, London, UK
Main or corresponding author contact: Phone: +447918130253,
b.winchester20@imperial.ac.uk,
https://www.imperial.ac.uk/people/b.winchester20

Introduction

As of 2018, UNICEF estimates that one in three people are without clean
water, whilst the IEA predicts that the number of people without electricity,
around 733 million worldwide in 2020, is set to increase for the first time in
years. Technological solutions are needed to meet these global challenges in
line with the United Nations Sustainable Development Goals (SDGs). We
model Energy Systems to evaluate the ways to provide affordable, sustainable,
and reliable electricity and clean drinking water to communities in developing
countries in line with SDGs 6 and 7°.

Modelling framework

The modelling framework developed?3, the schematic of which is included,
has been used to model locations varying from refugee camps in Rwanda* to
rural community-scale minigrids in India®. Our modelling method enables

1 Winchester, B., Beath, H., Nelson, J., Sandwell, P. (2022). CLOVER (Version v5.0.7)
[Computer software]. doi: 10.5281/zen0d0.6925535

2 Sandwell P., Winchester B., Beath H., Nelson J. (2023). CLOVER: A modelling
framework for sustainable community-scale energy systems. Journal of Open Source
Software, 8(82), 4799, doi: 10.21105/joss.04799

3 Beath, H., Baranda-Alonso, J., Mori, R., Gambhir, A., Nelson, J., Sandwell, P.
Maximising the benefits of renewable energy infrastructure in displacement settings:
Optimising the operation of a solar-hybrid mini-grid for institutional and business users in
Mahama Refugee Camp, Rwanda. Renewable and Sustainable Energy Reviews. 176.
113142. doi: 10.1016/j.rser.2022.

4 Sayani R., Ortega-Arriaga P., Sandwell P., Babacan O., Gambhir A., Robinson D., et al.
Sizing
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dynamic sizing of electricity and clean-water generation and storage systems
over the lifetime of the installation.

Electricity access in rural schools and clinics

Difficulties with lifetime designs of stand-alone PV systems include shifting
and unknown demands over time, component degradation, and the need to
span multiple technologies for electricity generation, storage, and consumption
within a single integrated system model. We present results investigating a
case-study of stand-alone systems based on measured data from rural schools
and clinics in Kenya with impacts including SDGs 3, 4, 7 and 13.
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Electricity Clean water

Desalination

With clean-water demands set to rise globally, partly due to climate change,
there is a need to investigate novel ways of supplying clean-water demands of
rural communities. With a common approach for rural clean-water provision
involving electrically-driven desalination, we investigate thermally-driven
technologies across multiple locations with impacts including SDGs 6, 7 and
13.

Conclusions
We present the latest results of our modelling framework applied to two
different case-study applications.

solar-based mini-grids for growing electricity demand: Insights from rural India. Journal of
Physics Energy. 2022. 5(014004). doi: 10.1088/2515-7655/ac9dc0.
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Introduction

The Galapagos Islands are being impacted by population growth,
intensive tourism, exploitation of local resources, and the dependency on
imported fossil fuels, which in turn, makes the provision of electricity a big
challenge. This paper studies the hybrid power system of Baltrai Santa
Cruz, which represents 62% of the electricity generation of the archipelago.
The objective of this paper aims at contributing to the Galapagos Zero
Fossil Fuel Initiative that aims at achieving 100% electricity generation.

Santa Cruz Island has a PV system of 1.5 MWp and a diesel power plant
of 13.9 MW. While Baltra Island has a PV system of 67 kWp, a wind farm
of 2.5 MW and a battery storage system of 4.3 MWh. The battery bank is
hybrid, the lead-acid batteries (4.03 MWh) store the energy surplus
generated by RE systems and the lithium-ion batteries (0.268 MWh)
regulate the energy fluctuations of the wind farm. This innovative battery
bank looks for ensuring equilibrium among performance, size, lifetime and
storage device costs. In 2018, electricity consumption was 32 GWh and the
peak demand was 7.26 MW.

There, the maximum daily Global Horizontal solar Irradiation (GHI) is
7.40 kwWh/m2, which usually takes place in March during the dry season,
while the minimum daily GHI is 4.40 kwh/m2 and occurs in July. On the
other hand, the maximum and minimum wind speed registered are 7.28
m/s (cold season) and 4.20 m/s (dry season), respectively, at a height of
50 m on Baltra Island. The average daily irradiation is 5.7 kWh/m2/day, and
the average wind speed is 6.36 m/s.
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Methodology

The techno-economic analysis of the Baltrai Santa Cruz hybrid power
system was done using HOMER (Hybrid Optimization of Multiple Electric
Renewables) Pro. The software allows the definition of the power
generation system components to simulate the dispatch for one reference
year (hourly increments) based on detailed input data such as load profiles,
technology generation options, O&M schedules, component costs and RE
resources. Simulation, optimization and sensitivity analysis are the tasks of
this software. The simulation analyzes the current operation of a hybrid
system, the optimization leads to the least-costly system configuration and
the sensitivity analysis allows one to analyze the impact of sensitivity
variables on the energy system.

Conclusions

To make the Galapagos islands more resilient to the current challenges
of climate change and development, this research presents multiple
pathways towards the stepwise decarbonization of the hybrid island system
ofBaltraiSant a Cruz. To me gd, HOMER Pro sofwara
is used to perform several techno-economic assessments. The analysis
focuses on different electricity demand scenarios to understand the
implications of the load growth by 2030 and the installation of additional
capacities of RE such as solar and wind, or the replacement of diesel with
biodiesel. Furthermore, technical, socio-economic, environmental and
political constraints are taken into account to limit some optimization
analyses. Likewise, the feasibility of distributed generation is analyzed in
residential and commercial sectors.

The results indicate that installing 18.25 MWp of photovoltaic and 20.68
MWh of battery capacity could reduce the Levelized Cost of Electricity
(LCOE) from 32.06 to 18.95 USc/kWh, increasing the renewable energy
(RE) participation from 18% to 39%. Additionally, the successful application
of energy efficiency measures would even reduce the LCOE to 17.10
USc/kWh. Moreover, distributed energy is considered the most attractive
way to involve islanders in the energy transition process; the electricity bill
would be reduced by more than 50%. Finally, this paper offers a
comprehensive business model proposal to achieve a resilient energy
supply, based on a combination of auctions and energy community models,
which demands high political will, reliable and innovative regulations and
social awareness about energy use.
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Introduction

Energy storage represents a considerable share of the investment cost of
a hybrid system. It is in many cases indispensable for the stable and correct
operation of the system even if the energy throughput (energy being charged
and discharged) remains low. The main added value of the storage system
relies on the services it can provide in both normal operation and during fault
scenarios.

This paper describes the main functionalities of a power-oriented storage
system! and the influence on the electrical placement on hybrid systems.
Finally, an example on a reference site will be discussed.

Functionalities of power-oriented energy storage systems

Due to its investment cost, energy storage is not yet able to be deployed in
large scales to store hours and even days of worth of energy. It however can
ease hybrid system operations by providing a certain dispatchability to the PV
plant and provide comprehensive ancillary services. The main functionalities
that will be explained in the full paper are shown in Figure 1.

Discussion and results

Based on a simple and general methodology?, the following installation
possibilities of such a storage system are discussed and evaluated regarding
the functionalities that can be used/offered and probable functional failure
modes and their possible solution:

9 Directly on the main distribution busbar

1 Systems where the ratio between installed power Pei and Nominal energy content Enom is
larger than or equal to two.}
2 Using a Failure Modes and Effects Analysis (FMEA).
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Figure 8: Functionalities of power-based energy storage

T On PV or Wind park site, with the site being connected through an
exclusive line to the main distribution busbar

1 On PV or Wind park with the site being connected through an existing
feeder

Preliminary results show that installing the energy storage at main
distribution busbar allows the operator to take advantage of almost all
functionalities except for a localized voltage control at a given node. Storage
installation at the PV or Wind park site allows for a local voltage control but
loses important functionalities like frequency regulation, spinning reserve
provision and ramp rate control when the fault involves the park's feeder. The
probability of occurrence increases dramatically if the park utilizes already
installed load feeders.

Conclusions

This contribution aims to help planners to decide the optimal place to install
energy storage systems when hybridizing an existing plant. It shows that
several considerations need to be taken into account when installing the
storage in an electrically far from the main distribution bus. Finally, this paper
proposes a methodology, which can be used by planners and developers to
assess the risk of specific storage functionalities not performing as expected
and proposing the necessary countermeasures.
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Introduction

The use of distributed mini-grids for rural electrification is prevalent in
remote areas particularly in sub-Saharan Africa where many communities are
remote and scattered. Modern mini-grids are dominated by renewable energy
resources such as solar and wind. This contributes to the mitigation of climate
change, reduction of energy costs as well as improving socio-economic status
of the benefiting communities. This study focused on Uutsathima village in the
northern part of Namibia whereby the rural electrification rate is low as 15.2%
compared t o t ht¥Tha studyacondlcted7adeasibilily study of a
photovoltaic system with battery storage mini-grid incorporating various
existing distributed solar photovoltaic systems with a backup diesel generator
to expand energy access to the unelectrified businesses in order to promote
productive use of energy.

Public institutions at Uutsathima village are electrified with stand-alone
solar photovoltaic (PV) systems. However, the business community was left
unelectrified. The sustainability of all the existing distributed energy systems is
challenged mainly due to unclear roles and responsibilities of stakeholders
involved. The concept of mini-grid implementation that integrates various
existing stand-alone system is explored in this study. The study evaluates the
economic and technical parameters: levelised cost of energy (LCOE), net
present cost (NPC), and energy generation capacity required as well as the
operational mode of the mini-grid respectively. Only the costs of generation
equipment were considered.

1 EMCON, Scoping Study i Towards 50% Electrification Rate in Namibia, Windhoek, 2017
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Findings and the proposed mini-grid

The proposed mini-grid is comprised of the existing solar PV systems
totalling 22.64 kW, and a new central solar PV plant and battery storage.
Figure 1 illustrates the distribution of potential mini-grid users.

ess centre ¥

— Access roads (gravel)
® Potential mini-grid customers

Figure 9: Map of Uutsathima village

All existing PV systems will be interconnected to the distribution network via
a bi-directional meter to allow for billing for the energy consumed by every
institution from the central generation plant. Energy access will also be
extended to the business centre for productive use. Using HOMER software,
the LCOE was evaluated to be 0.11 USD/kWh, NPC is USD 303 731.00, the
new generation capacity of 120 kW, solar PV with 76 kW, diesel generator and
1 123 kWh (usable capacity) lithium ion battery storage is also required to meet
the estimated demand of 70 kW maximum and 570 kWh/day. The deployment
of mini-grids with a predetermined operator could bring about sustainability of
the mini-grid as well as socio-economic benefits for the community.

Conclusions

The integration of distributed stand-alone solar PV units at Uutsathima
villages by the proposed operation model would encourage a sustainable
operation of the mini-grid. While enticing income-generating activities, the cost
of energy for end-users defines the acceptability of the mini-grid by the low-
income population of Uutsathima village. This study fills a knowledge gap of
intergrating existing renewable energy systems into a renewable energy-
based mini-grid.
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Off-grid electrification modes i Mini-grids (MG) and Standalone
Systems (SAS), are expected to play a significant role in reaching the
universal electricity access goals across sub-Saharan Africa. Policymakers
across different sub-Saharan African (SSA) countries rely on geospatial
Integrated Electrification Models (IEM) to inform electrification planning
policy. Most geospatial electrification level models analyzing the
competition between MG and SAS typically use cumulative and
standardized loads (i.e., different tiers) for cost calculations. This can lead
to shortcomings in analyses, especially because the electrification mode
choice for systems powered by solar PV plus batteries, is largely influenced
by technology costs which substantially depend on demand i a key factor
that will influence the likelihood of adoption of MG in the coming years.
Further the potential of SASs as an alternative approach to exclusively
powering sites - despite its large potential for scaling electrification i
remains to be explored.

This paper, therefore, intends to understand the effect of accounting for
demand i both temporally and across different load types - on
electrification mode choice. We develop framework for analysis that
explicitly relates solar plus battery powered systems choice to the load
profile characteristics, we then establish typical synthetic load profiles for
plausible to-be electrified sites in sub-Saharan African countries. Finally,
we develop an electrification model that sizes for MG and SAS. Using this
model together with the synthetic load profiles, we analyze and discuss the
influence of load profile characteristics on electrification mode choice. Our
preliminary research findings show that for load profiles with a large battery
dependence, load aggregation influences viability of MG when contrasted
with SASs. We also find that the benefits of load aggregation for largely
solar PV dependent loads are minimal.
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Introduction

As in many West-African countries, Ghana often experiences electricity
grid instability as well as power outages. Both lead to considerable
impairments in the health sector. Electricity from photovoltaic systems (PV)
is a sustainable alternative, but the PV market in Ghana is largely
untapped. The German-Ghanaian project EnerSHelF (Energy Self
Sufficiency for Health Facilities in Ghana), which is funded by the German
Ministry of Education and Research (BMBF), brings together experts from
science and practice from a wide range of disciplines who jointly
developped technical and political-economic solutions for improving and
disseminating marketable PV-based energy solutions for healthcare
facilities in Ghana.

The EnerSHelF project (https://enershelf.de/) assesses the on-ground
energy situation (availability and reliability) of health facilities of different
types (CHPS up to hospitals), with differing energy demands and sources.
The project design follows an inter- and transdisciplinary (engineering and
development economics) approach. On the one hand the project focuses
on developing, applying and evaluating technological solutions. On the
other hand, it addresses interdependencies between technology
development, technology adoption & technology diffusion by embedding
the development of technological solutions into the institutional and socio-
economic context in Ghana (survey data analysis/ case studies).
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Improving PV Energy Supply at Health Facilities in Ghana

Our paper will provide an overview of the technical results of the
EnerSHelF project. First, we will report on our experience with a grid-
integrated 5 kWp PV-battery-system installed at Kologo Health Center
(KHC) in Kassena Nankana Municipality, Navrongo, Upper East Region,
Ghana. In addition, we will present a case study for the St. Dominic Hospital
at Akwatia, Ghana.

Our paper will focus on a newly developed forecast-based battery
control algorithm for a grid-integrated PV-battery-diesel hybrid system. The
algorithm was tested based on one year of measured and forecasted solar
irradiance and load data for the St. Dominic Hospital at Akwatia. The newly
developed battery control system works with a target state of charge for the
battery, which is determined according to a given blackout probability and
a desired supply reliability. Charging the battery using the utility grid is
possible to achieve the targeted state of charge even during the night or
when PV output is low. The state of charge is predicted based on
forecasted PV power and predicted power consumption. The impact of
using various forecasting algorithms in this process was investigated. The
control algorithm was tested on the basis of a simulation model for different
scenarios in which important influencing factors were varied according to
their real variability. This includes investigations on the influence of season
and infrastructure (PV and battery size) on the operating mode of the
system.

Results

The results of the scenario calculations show that a significant amount
of diesel consumption can be saved compared to a rule-based control
system operating without forecasts and without a targeted state of charge.
The savings are at least 24% and up to 85% when considering the year of
our case study. The self-consumption of the PV system is very high in most
cases and it is at most 2% higher than the results of the purely rule-based
control system. CO, emissions increase by up to 2% in some cases, but
show a reduction of up to 14% for a longer time horizon or a high number
of power outages.
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Introduction
|t i s esti mated t hat 10% of Sur i

Hinterland (54,000 Maroons and 8,000 Amerindians), distributed in about 300
isolated villages, lacking (or limited) access to reliable services, such as water,
electricity, and telecommunications. Most villages are being intermittently
served with small diesel generators for an average time of 6 hours/day, but
this is seldom the case due to irregular provision of diesel (fuel costs can be
four times the cost of the urban areas, given the high transportation costs that
can only be done by air in some cases) or, very often, because the units are
out of service. Additionally, electricity for these remote communities, when
available, averages an estimated generation cost of US$0.63/Kilowatt hour
(kwh) but can reach US$1.00/kWh, which is high compared to the main grid.
This hampers the social and economic development of the people in the
Hinterland.

The country is increasing energy access through grid extension projects
(i.e. Powaka or Koina Kondre) or using isolated solar mini-grids. In 2018, the
EBS completed the first solar mini grid in the country, a 500 kWp solar
plant, including battery energy storage and a diesel generator as a backup, to
provide 24/7 to the villages of Pokigron and Atjoni. The EBS and the MNH
are executing several mini grids in other isolated villages in the Hinterland
(Godo Holo and 12 communities along the Upper Suriname region). However,
it is estimated that there is still an investment gap of approximately US$ 93
million to reach universal energy access in Suriname by 2030.

Suriname is committed to reaching universal access to electricity. As
established in the National Development Plan 2017-2022, one of the main
priorities of the GOS is to provide 24/7 hours of electricity using renewable
energy sources (solar and mini hydraulic plants). The NDC 2020 states that
Suriname will adopt a Renewable Energy Act, focusing on the Hinterland
electrification. The NDC 2020 states that Suriname wishes to facilitate
commercial finance and investment by standardizing the way mini-grid projects
are structured and applications are evaluated by commercial banks.
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Project objectives
The general objective is to promote the social and economic development

of the rural villages in the Amazon Hinterland of Suriname by increasing
access to affordable, reliable, clean, and long-term access to electricity,
potable water, and communication services, while potentiating productive and
economic activities.

The specific objectives of the project are to support the implementation of
solar mini-grids, that incorporate water supply and telecommunication,
promote efficient use of energy and water, and promote productive uses of
electricity.

The project is under execution and being finance by the IADB, in close
collaboration with the Ministry of Natural Resources (MNH), the Ministry of
Regional Development (MROS), and the Ministry of Transport,
Communications, and Tourism (MTCT), water public utility SWM, EBS and
with support from Amazon Conservation Team, The Association of Indigenous
Villages Leader in Suriname (VIDS), ILACO, and other local organizations.

The project includes energy and water demand assessment, technical
basic design of mini grids options, and detailed engineering for the provision
of energy services in ten communities in South Suriname. As well as, to
address the water and telecommunications current access and needs, and link
to the energy projects in a complimentary approach.

Conclusions

Through this project, the IDB, MNH, MROS, MTCT, SWM, and EBS hope
to continue their efforts to address the development challenges posed by lack
to quality energy, water, and telecommunications services and implement in a
diligent, complimentary, and effective manner and ensure their long-term
operability while empowering communities (economically and socially).
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Introduction

Papua New Guinea (PNG) has the lowest electrification rate in the South-
East Asia Pacific region with 15 % grid access and between 55-60 % if MTF
Tier 1 is considered the minimum access matric[1, 2]. This has significantly
i mpaired the countrybés devel opment, w
Increasing electrification via the isolated grid will involve more than just
technology solutions or an increase in tariffs. It will require a restructuring of
the electricity industry to be flexible in entertaining new delivery models while
also looking into freeing customary land for renewable projects and grid
extension.

Status

The lowest hanging fruit to increase electrification is through utility-run
(GoPNG-owned?) grids but these has been largely unsuccessful based on
Table 1. Assessment of i ssues has i dentii
willingness to extend the grid due to limited commercial viability. This is heavily
influenced by the loss-making status of grids due to strong dependence on
diesel generators which is then compounded by ageing infrastructure,
inefficient planning and operational management, and tariffs been frozen since
2013. Therefore, all but one of the grids are running load shedding every day
for years due to generation shortfalls and the high number of unplanned
interruptions. Moreover, many households are not aware of the cost
implications of connecting to the grid and thus are reluctant to get into a
financial commitment that they may not be able to afford. Exasperating the
reluctance to connect, is the widespread uptake of MTF Tier 1-2 solar home
systems which many consider as ffree
tenure challenges often leading to blockages of grid extension initiatives.

1 AImost a monopoly with a generation-end relaxed for IPPs
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Table 1: Potential household connections within 1-km of the grids ?

Available HH connected

Isolated Grids (MW) Total HH | Total Pop Grid Connects Yo Unelectrified HH
1 | Wewak-Maprik 5 21073 109943 3865 18% 17208
2 | Lorengau 3.85 3984 19722 1265 32% 2719
3 | Kavieng 1.35 4971 24604 1442 29% 3529
4 | Kimbe-Bialla [} 24530 121419 4013 16% 20517
5 | Alotau 3.65 4403 23896 1539 35% 2864
6 | Finschhafen 0.61 2235 11661 312 14% 1923
7 | Aitape 1.41 2731 14247 248 9% 2483
8 | Vianimo 3.35 4381 22858 515 12% 3866
9 | Buka 4.65 4628 22909 4031 87% 597
10 | Popondetta 56 4894 26560 2877 59% 2017
11 | Daru 2.18 1902 10324 1402 74% 500
12 | Arawa 2.26 2122 10503 492 23% 1630
Total 39.91 81854 22001 27% 59853

Proposed Future

Going forwadrdinkee BSomdutionod is t
using PNGbs abundant solar, growing
the former being mostly untapped in the grid-sphere but the fastest to
implement and the most suitable in all sites. As an example, the recently
commissioned 3 MW Divune hydro funded 3 MW Divune hydro has quickly
turned the Popondetta grid into a profitable system. Secondly, the 40+-year-
old distribution system desperately needs an upgrade and is the source of
almost 50% of unplanned outages. Thirdly, a strong partnership between with
all major stakeholders including donors to pool resources in to upgrade of the
existing grid and grid-extension initiatives while catering for ongoing costs in
the initial stages. Fourthly, more education and awareness activities on the
ramifications of connecting to the grid from responsibilities to opportunities
including energy efficiency measures. Lastly, introducing a more efficient and
motivated private sector either through IPPs? or through a concession, but will
require the current wutilityédés wildl
regulator. An added advantage is that the private sector also brings private
investment which is something the current utility and National Government do
not have a lot of.

2 Source of data: USAID PEP and PPL
3 Independent Power Producers
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Conclusion

For sustainable isolated grid focused on improved services and increased
efforts to rural electrification will require innovative technology and business
models as well as strong governance measures.
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Introduction
The Government of Belize (GoB) has
Electricity by 20306 as a national (s
estimated that approximately 97% of households are supplied from the
national gid. However, a national electrification survey undertaken in 2021 has
been determined that 35 communities are still unserved.

Figure 10: Estimated levels of access to
electricity in Belize (2022)

This paper outlines the
background, characteristics and
progress with a national energy
access initiative i currently funded by
the EU and donors i that focuses on
electricity access for households in the
unserved communities. The
immediate focus of activities covers
three new mini-grids for five villages
and the subsequent roll-out of up to
thirteen additional mini-grids alongside
line extensions/grid expansions to
reach approximately fifteen unserved
villages.

The integrated approach

The approach that has been adopted for electrification in Belize is an
integrated approach that embraces more conventional line extension (or
network expansion) with decentralized mini-grid infrastructure. Furthermore,
the approach is unique in that it extends beyond the technical dimensions by
establishing the role and responsibilities for the ownership and operation of the
mini-grid schemes within the existing national policy and regulatory framework
for the electricity service provision in Belize.
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