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Executive summary

This report is the final report for a project of building capacity in Tanna Island of Vanuatu for solar leasing and rural electrification, as a component of the IRENA project "IRENA Initiative for Promoting the Enabling Environment for Renewable Energy Development in the Pacific Small Island Developing States". The original project duration was 10 months, from 2nd July 2013 to 30th April 2014, but due to product procurement delays, an extension to 15th July 2014 has been approved. 

This project aims to overcome two main barriers which limit the widespread use of decentralized solar-based lighting:

1) financing for low-income rural households

2) long-term operation and maintenance of the systems

Building up the capacity of local entrepreneurs is an important element of the project. As the islands do not have financing institutions that will actively finance the sale of small solar home systems (SHS), an innovative financing delivery was expected to be designed and implemented. Raising capital for the project is also a key element, and project deliverables include:

· At least 200 households substitute a minimum of 80% of their kerosene use with SHS

· At least 10 entrepreneurs are trained and able to manage their business successfully within the project period (including reserve/support entrepreneurs)

· At least a leverage ratio of 2:1 of private funds to IRENA funds

· A final publishable case study report about the project

The project started with a review of similar projects in the Pacific, then created an innovative lending program around these learnings, and completed the four training sessions that followed an initial community mobilization. These trainings helped to prepare the field partners for implementation, and to build capacity to run training sessions and install products, as well as to grow and manage the businesses created. Brief training descriptions are given below:

· Community Mobilization (pre-installation) - entrepreneur and village selections

· Training 1 - Installation, business planning and book-keeping training

· Training 2 - Increasing Customers and Product Technical Support

· Training 3 - Default Management

· Training 4 - Scaling up with larger systems and deep market penetration

The model chosen to implement the project has been a solar charging station, such that all assets lent to village households are recoverable. Solar panels are centralized and not on household roofs, so households are required every 2-3 days to go to the central power station to have their batteries recharged, ensuring regular payments for service. At this time, they will instantly receive a spare battery or lantern to use while the first is charged by solar over the next 2-3 days, so solar kits purchased from suppliers have needed to be modified to add an extra battery or lantern, to allow this swapping to occur. The first training was well attended with more entrepreneurs attending than expected, and directly after the training, 45 Sun King Pro lanterns from Greenlight Planet were installed in households, with no apparent problems with the Operators being able to deliver the service described above. Payments began as of 1st January, 2014, and will continue for 3 years. 

A next three installations in February-June 2014 installed a further 145 3-lamp solar lighting kits from Betta Lights. These two suppliers (Greenlight and Betta) were judged to be the best value products in the market for 1-lamp and 3-lamp solutions, and the costs of over 20 suppliers and products have been provided, as well as a detailed analysis of a 44-product database of quality-certified from Lighting Africa. More than ten additional solar kits were sold for cash during Dec 2013 to June 2014, bringing the total households reached to the target of 200. Product quantities being installed represent the demand shown during community mobilization surveys conducted in Sep 2013.

Over 3 years, households will pay Vt 150 or Vt 300 weekly for the lease of 1-lamp and 3-lamp systems, which is approximately US$1.50 and $3.00. After 3 years of successful payments, ownership of the systems would transfer to the households, so the model is one of lease-purchase. Early buyout of the systems for cash is possible at any stage, so a cash-sale model is also embedded in this energy lending project. These project design characteristics were covered in the first training sessions, including delivery of a printed Operators' Handbook to all Operators, with a table of weekly buyout prices covering all 3 years for households to reference at their convenience. 

Over 3 years of payment, households will pay $234 and $468 for the respective 1-lamp and 3-lamp systems. The budget to fully install these is $100 and $200 respectively (and this the buyout price on Day 1 of the lease, for a double battery system, or $20 less for a single-battery system), and actual costs were about 10% lower than budget. Hence, the effective interest paid over 3 years is $134 and $268, or 32.8% p.a. This is comparable to rural microfinance rates in many countries. During collection of these payments, 10% will be kept by the charging station Operator, 20-25% will be kept by Loan Collection Partners, and 65-70% will be returned to VIA, or $155 or $310. Three year loans for the project earning 10% p.a. Interest for investors will mean $130 and $260 has to be paid back to investors, allowing VIA to share $25-50 of revenue, or similar to the interest earned by investors. This leads to VIA's "pitch" to investors build projects and split net proceeds 50/50. $40,000 of project finance has been successfully raised from two investors who have a 10% p.a. Target return - one individual and one organization. A 25% risk guarantee repayable grant of $10,000 has also been mobilized from Rotary Melbourne. After installation, over $10,000 of the projects were refinanced on ww.Kiva.org at cheaper 0% p.a. interest. Thus, leverage of the $26,200 IRENA grant was 2.29, higher than the targe of 2.0. The project fell behind schedule, as construction was due to be complete by September 2013, but did not complete until May 2014, due to delays in procurement of customized product and raising of financing, but the cost-effectiveness of these products and lower cost Kiva loans is considerably higher than the cost of the delay. The Kiva refinancing after construction further increases net project cashflows, and more importantly gives the initial investors an opportunity to exit within 1 year instead of needing to take the full 3 year risk of the project. Repayment rates are excellent. Overall, the project has met all of its goals.
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glossary of terms and abbreviations

The following glossary of terms and abbreviations are specific to this report.

	ACTIV
	Alternative Communities Trade in Vanuatu, a non-profit fair trade exporter who has also branched into becoming an importer of solar

	ADB
	Asian Development Bank

	Ah, mAh
	Amp-hour, and milliamp-hour, measuring units for battery capacity

	ASTAE
	Asia Sustainable Technology and Alternative Energy Program of the World Bank 

	DIGICEL
	A privately-owned telecom company, one of two major telcos in Vanuatu

	DoE
	Department of Energy, Vanuatu

	FOB
	Free-on-Board, a shipping/logistics term

	IRENA
	International Renewable Energy Agency

	kW, W
	Kilowatt and watt, measuring units for power

	kWh, Wh
	kilowatt-hour and watt-hour, measuring units for energy

	lumen
	Measuring unit for total light output from a lamp

	lux
	Measuring unit for light per square metre of receiving service from a lamp

	MOU
	Memorandum of Understanding

	NBV
	National Bank of Vanuatu, which has a microfinance unit within it

	PAYG
	Pay as you go

	SEFP
	Sustainable Energy Financing Project, run by the ASTAE unit of the World Bank

	SIDS
	Small Island Developing States

	SHS
	Solar Home System

	TVL
	Telecom Vanuatu Limited, the government-owned telecom company

	VANWODS
	A leading microfinance organization in Vanuatu, registered as an NGO

	VIA
	Village Infrastructure Angels

	Vt
	Vatu, the currency of Indonesia, currently exchanging at US$1 = Vt 92.7

	WB
	World Bank


1 INTRODUCTION

1.1 Background
This project is a component under the IRENA project "IRENA Initiative for Promoting the Enabling Environment for Renewable Energy Development in the Pacific Small Island Developing States" (Ref: CS/PP/2013/H/4563). This falls within the Secretariat overall mission to promote renewable energy.  Target groups for this initiative include i) policy makers and utilities, ii) private sector and financial institutions, and iii) the educational and vocational sector. The aim is to strengthen partnerships between these organizations, increase their capacity to deploy more renewable energy, and address any gaps found in the market.

This initiative complements other IRENA activities in the Pacific, namely the Global Renewable Energy Island Network (GREIN) for pooling knowledge and exchanging ideas between islands, and also the Renewables Readiness Assessment (RRA) which focuses on the assessment of grid stability issues for greater uptake of renewable energy.

The original project duration was 10 months, from 2nd July 2013 to 30th April 2014, and an extension to 15th July 2014 has been approved.

The geographic scope is Tanna Island, Vanuatu, with possible expansion to other Pacific Small Island Developing States (including Kiribati, Papua New Guinea, and Solomon Islands).

1.2 About the Project Partners
About IRENA: The International Renewable Energy Agency (IRENA) is mandated as the global hub for renewable energy cooperation and information exchange by 111 Members (110 States and the European Union) and 49 Signatories. Formally established in 2011, IRENA is the first global intergovernmental organisation to be headquartered in the Middle East. IRENA supports countries in their transition to a sustainable energy future, and serves as the principal platform for international cooperation, a centre of excellence, and a repository of policy, technology, resource and financial knowledge on renewable energy. IRENA promotes the widespread adoption and sustainable use of all forms of renewable energy, including bioenergy, geothermal, hydropower, ocean, solar and wind energy in the pursuit of sustainable development, energy access, energy security and low-carbon economic growth and prosperity.
About VIA: Village Infrastructure Angels (VIA) is a group of concerned investors and experts that seek to reduce poverty in developing countries by investing in critical infrastructure assets like electricity, water, agro-processing equipment and other technologies. Current growth in village energy solutions has focused around cash sales to the poor, which is limited to the richest of the poor and 5-30% market penetration. VIA will focus on 1-3 year project finance to remove the upfront cash cost barrier, and demonstrate that 70-100% of households can afford properly financed infrastructure, which they will ultimately own, whilst also delivering a commercial return on capital to investors. VIA aims to mobilize $10-20 million of angel and impact investor capital in its first 3 years to assist 10,000 households to gain access to electricity, including risk guarantees and grants to absorb early stage learnings and defaults.
1.3 Development Context
The Pacific Islands region, and particularly Small Island Development States (SIDS) face large import bills for petroleum products, of which kerosene that is used for lighting in many offgrid villages is one such product. In particular, four countries in the Pacific with low electrification rates, including Papua New Guinea (12%), Solomon Islands (14%), Vanuatu (28%) and Kiribati (44%), are particularly vulnerable to oil price fluctuations. Replacing these imports with local renewable energy sources can reduce this vulnerability. Solar power is one of several renewable energy sources that can be used to replace kerosene for lighting, particularly with the use of white LEDs as an efficient, low power technology with a long lifetime and appropriate cost. 

Significant challenges exist in transforming the offgrid kerosene lighting market towards a commercially viable renewable energy market, including small populations, geographic dispersion in the worlds' largest ocean, relatively high transportation costs, and susceptibility to natural disasters. To assist in overcoming these barriers, IRENA developed a capacity building initiative for the Pacific Islands, for the 2012-13 Work Programmes. 

1.4 Scope of Work
This project aims to overcome two main barriers which limit the widespread use of decentralized solar-based lighting:

1) financing for low-income rural households

2) long-term operation and maintenance of the systems

Building up the capacity of local entrepreneurs is an important element of the project. As the islands do not have financing institutions that will actively finance the sale of small solar home systems (SHS), an innovative financing delivery is also expected to be designed and implemented.

It is aimed to deliver renewable lighting solutions to approximately 200 households on Tanna Island in Vanuatu, an island which has approximately 5000 households in total, most of which do not have access to electricity. VIA will perform the following tasks:

· Design, implement and administer a 1-3 year energy lending program

· Raise capital from angel/private investors

· Purchase and install the solar home systems

· Implement four training sessions for local entrepreneurs, including a prepratory first phase before installation of products, then post-installation trainings that focus on increasing market penetration levels from 10% to 20-50% or higher, payment default management, technical troubleshooting and maintenance training for the solar home systems, expansion to larger system development, and potential mobile-phone based payment and accounting systems.

Households will be charged a weekly fee that is comparable to, if not lower than, current expenditure on kerosene lighting and mobile phone recharging. Plans to expand the pilot project to 2000 households on Tanna Island after this pilot project should also be formulated. Best practices of off-grid electricity solutions rely heavily on adequate provision of operation and maintenance (O&M) troubleshooting services being locally available. Failure of renewable projects are common when these are not provided, resulting in a drop in fee collection rates as confidence from users is lost in the systems' ability to provide the required service, regardless of market saturation levels. 

1.5 Project Objectives
The project objections, as stated in the contract, are as follows:

· Increase access to electricity in rural areas, using affordable, clean, reliable and efficient technology of SHS as an alternative to expensive, hazardous kerosene. 

· Build local entrepreneurship capacities to assist transition from donor support to sustainable markets. 

· Enhance sustainability of off-grid SHS investments through enhancing operation and maintenance programmes.  

· Strengthen project’s supply chain for operation and maintenance. 

· Contribute to reducing black carbon emissions of kerosene lamps.

· Contribute to the SE4ALL High Impact Opportunities under Action Area B: Distributed Electricity Solutions. 

· Use capacity building funds to leverage private sector financing

1.6 Project Deliverables
The project deliverables, as stated in the contract, are as follows:

· At least 200 households substitute a minimum of 80% of their kerosene use with SHS

· At least 10 entrepreneurs trained and able to manage their business successfully within the project period (including reserve/support entrepreneurs)

· At least a leverage ratio of 2:1 of private funds to up-front funds

· A final publishable case study report about the project.

1.7 Management Arrangements
The Project Agreement Managers will be responsible for making, by consensus, management decisions for the project and for holding periodic reviews. Should the Managers fail to achieve consensus, the final decision-making rests with IRENA. Each Party will designate a Project Manager for the day-to-day management and decision making of the project. VIA has nominated Kim Chen for this role, while Stewart Craine and others will assist her with fieldwork, mapping, engineering and logistics. The Project Managers, supported by the Assistant Manager, will ensure that the project/activity produces the results specified in the project document, to the required standards of quality and within the specified constraints of time and cost. The Project Coordinator will ensure timely and effective implementation of the agreement. The Project Manager(s) of VIA will prepare a mid-term report and a final report, both technical and a financial summary. 

The Project Manager, Kim Chen, and Assistant Manager, Stewart Craine, were ably assisted during the project by contracted assistants Mr Bruce Rowse and Mr Gregory Denn.

Project Design
1.8 Industry Review of Energy Access in the Pacific
Despite several attempts in the last 10-15 years, solar home lighting systems has still not deeply penetrated the markets of the Pacific SIDS, and kerosene stubbornly remains as the major lighting technology for most of the population, particularly in rural areas. Formal programs such as the PNG Teachers' Savings and Loan Solar Lighting Project were dismal failures, with only 1 solar home system actually delivered
. Highly subsidized programs such as those in the Solomon Islands have reached some households with arguably over-designed systems, but insufficient subsidies for all households have left the majority in the dark, when more modestly sized systems may have reached the majority of households.  In Fiji, a steady roll-out of as many as 500 diesel-based minigrids over the last 10-15 years by the Department of Energy to as many as 75% of villages have replaced  4 hours per evening of service by with one fossil fuel (kerosene) with another fossil fuel (diesel), though a handful of pilots are now starting to hybridize these with solar.

In Vanuatu, the most promising interventions have taken place during the AusAID Lighting Vanuatu program, which helped subsidize the business costs (not the product costs) of micro-solar products of 0.5-5Wp capacity, which were sold for cash, and resulted in over 20,000 households being reached
. Compared to the total of approximately 24,000
-31,500
 off-grid households in all Vanuatu that are using kerosene lighting, this has reached a majority of households. David Kelley from RSDM Consulting
 has been conducting a review of AusAID's Lighting Vanuatu program, for which preliminary findings are public and a final report will be submitted to AusAID in January 2014. The Energy Roadmap for Vanuatu4 states a desired to reach 100% of all offgrid households with basic 1-5Wp lighting systems by 2020, and to achieve Energy for All by 2030. 

Slightly broader-scope projects like the Sustainable Energy Financing Project
, which started in 2007, have been slow to release funds, has collapsed and is non-functional in 4 of 5 countries
, but have now met 75% of their targets by delivering working capital credit to supply chain partners (mostl importers) who have sold 15,057 larger micro solar (1-10Wp) PV systems, sold for cash to the market (primarily in Fiji) for $30-150 per kit, including brands such as Barefoot Power, Greenlight Planets' Sun King Pro and Dlight Design. Similar to Vanuatu, project or consumer credit for longer-term loans that remove the capital cost barrier for end customers is basically non-existent in Fiji, though a few large 100-200kW projects for industry by New Zealand based Sunergize may be notable exceptions. Industry conversations indicate that SEFP loans totaling at least $2-3 million have been taken by market leaders Clay Energy and CBS, who have delivered approximately 5,000 lanterns and 5,000-10,000 lanterns to market respectively, with retail prices of around US $35-40 for the Greenlight Sun King Pro, which is about 100% above bulk ex-China prices of $24 or lower
, indicating a fairly efficient supply chain. 

A note on the cost-effectiveness of these two cash-sale projects can be made. The SEFP Fiji project has required a 50% risk guarantee to banks to lend $10-12 million to supply partners, needing a minimum of $5.2 million of risk guarantee funds, and additional costs for program implementation of $4.2 million
, such that 15,000 households have gained access to simple systems (that are likely to average 2.5Wp per household). In contrast, the AusAID project cost just $500,000 to implement, released as a minor capital cost subsidy and/or working capital facility, plus program-running overheads, which resulted in 20,000-40,000 households receiving lights that probably average 1Wp per household (which worked for 1-4 years, and spare parts and repairs have been extremely limited, so perhaps only 10,000-20,000 are now functional). Hence, the AusAID program moved 20-40 kWp of solar into the market at about $10-20/Wp, and the SEFP project moved about 35-40kWp of solar into the market at about $75/Wp. Should it be confirmed that 500kWp of large 100-200kW systems were installed, this might drop to $15/Wp and hence be comparable to the AusAID project, but compared to the cost per household reached, the AusAID project seems to have been much more cost-effective. 

In contrast, this IRENA project has initially moved 55 x 2.5Wp + 145 x 6Wp = 1.0kW of solar at $26/Wp, but has only operated for one year compared to 2-3 years for the AusAID project and 7 years for the SEFP project. Over the next 1-2 years, the stimulus of the IRENA grant is likely to scale up, resulting in the elimination of all kerosene lamps on Tanna Island via the leasing of solar to 2000-4000 households, or 10-20kWp, most likely without the post-installation product failures that the other projects experienced, and increasing the cost effectiveness to $1-2/Wp.

1.9 Project Planning and Design
The project design will include results concerning various aspects of the project, including fundamental design philosophies and assumptions, the financial business model for the project, the technical/engineering design to fit within the socio-economic constraints, a detailed implementation plan and a post-installation operations and maintenance plan.

IRENA is offering support to the overall project by supporting capacity building activities aimed primarily at the village entrepreneur who is at the coalface of service delivery to the offgrid households. This support, as well as VIA's role in the project supply chain, and a map of other key stakeholders, is shown in Figure 1. 

VIA acts as a buyer in the supply chain, buying product from suppliers, and shipping these assets to the village household. This gives VIA clear ownership of the assets, and eliminates the need for cash loans to be made to the supply chain or to microfinance organizations, as would be done by conventional investors. With clear VIA ownership of assets, a need to arrange security for a cash loan is also eliminated, or to establish legal liens over assets, which, in the markets of emerging countries, are often highly impractical to execute and even more difficult to enforce.
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Figure 1: The role of IRENA and VIA in the project

1.10 CApital Raising from Investors
Figure 2 shows the typical range of investors that are mobilized during the early stages of commercial developments and new business. While this may not be appropriate for sources of finance for large power stations and other large businesses, these sources of finance are appropriate to consider for a project that is likely to cost just $40,000 to execute. Such sources are investigated and described.
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Figure 2: Sources of capital for early stage ventures

After potential sources of capital have been identified, the project team needs to prepare the project for presentation to the investment community, and then execute a marketing campaign to bring the investment opportunity legally to the attention of the target investors. Finally, once interest has been established, term sheets for the project need to be prepared, and final investor agreements signed off before the capital is finally secured. Initial investors may have a different risk profile and need of due diligence materials to those who may take the longer term (3 year) lending risk. Therefore, if required, a strategy for initial project financing may be complemented by a strategy for refinancing the project with alternative investors' funds after installation and initial repayment results have been generated.

1.11 Product Procurement and Installation
The project will deliver basic electricity services to approximately 200 households in rural Vanuatu. To achieve this, products will need to be procured from suppliers, and delivered to site and installed. As well as the core materials of solar panels, batteries, LED lamps, wiring and phone chargers, other materials will be required for installation of the systems, invoice books and training guides for village entrepreneurs. Investment in materials alone will not be sufficient - investment in services is also required to provide logistical support that moves product from suppliers to the villages, training and translation services, and financially-focused services after installation for the recovery of households payments to the original investors of the project. 

A survey of many manufacturers will be conducted, including but not limited to the vast majority of all suppliers of LED solar equipment that has been certified by the IFC's Lighting Africa project. Technical suitability and prices will be compared and assessed, to determine which products are most suited for the project. The installation process will also be described in detail.

1.12 Entrepreneur Trainings
Four trainings have been planned for the project, following initial community mobilization. These are help to prepare the field partners for implementation, and to build capacity to run training sessions and install products, as well as thereafter to grow and manage the business created.

· Community Mobilization (pre-installation) - entrepreneur and village selections

· Training 1 - Installation, business planning and book-keeping training

· Training 2 - Increasing Customers and Product Technical Support

· Training 3 - Default Management

· Training 4 - Scaling up with larger systems and deep market penetration

1.13 stakeholder Capacity Building
In addition to training entrepreneurs in the villages, other partners are also needed for the project and micro energy businesses in the village to be successful. A non-conclusive list of such partners is given below, together with the capacity building this project expects to deliver to those partners.

· Manufacturers of product - some products that manufacturers may require minor or significant modification to suit the design of our projects. The rationale for these modifications will be explained, to demonstrate to manufacturers how these changes can help lead to a business model that achieves deeper market penetration than the current business model they currently use (mostly cash sales)

· Importers - importers in the cash-sale model buy product and sell it. In this model, importers do not require any working capital, but can still make similar profit margins, as the project pays them for freight-forwarding services. This needs to be explained carefully, and the advantage of the reduced need for working capital highlighted.

· Local Distributors - after importers deliver the product to regional capitals, local retailer typically take the products the last mile to various villages around their local region. Again, this generally requires them to have working capital with which to buy the product from importers and sell to end-customers. Again, the projects' implementation model eliminates the need of local distributors to have access to working capital, and they are paid similar profits to simply freight-forward goods to the village, make sure they are properly installed, to help with translations during training periods and generally be available for technical support post-installation.

· Loan Collection Partners - the project team does not intend to collect payments from households themselves, but to mobilize local partners to execute this task, sharing a percentage of revenue with them for the service. The village entrepreneurs will be trained to collect payments from households, and other partners (microfinance organizations, local banks, NGOs or others) will collect from the village entrepreneur. This model has certain advantages, in that the same profit can be made as the interset usually charged on loans, but local partners have not made the loans (the project has taken this risk), and hence local partners are not liable for defaults, though their revenue share will decrease if default levels are high.

· Government - the local Department of Energy and other interested government agencies will be briefed on the project, and the rational behind its design. Data created for the project of the location of all households in the region is likely to be useful for government planning purposes, and will be freely shared, and if required, some limited analysis services can also be provided.

· Donors, NGOs and Multilaterals - development agencies that are actively involved in rural electrification and/or micro business development will be briefed on the project, with the intent of generating constructive feedback on the model, local interest, and potentially preventing or modifying planned projects that might harm or destroy the project.

1.14 Other Non-Core Project Planning Issues
In addition to the core project activities of project design, raising project finance capital, product procurement, entrepreneur trainings and stakeholder capacity building, several minor elements of the project will also be addressed. These include, but are not limited to,

· Environmental aspects of the project such as CO2 and black carbon measurements/estimations

· Energy Opportunities - while the first uses of energy are often lighting and mobile phone charging, other opportunities for delivering modern energy services to rural off-grid villages will also be investigated. This may include 

· agro-processing opportunities for daytime energy use; 

· refrigeration for food, drink and possibly health services; and 

· higher power consumer end-uses of electricity such as fans, TVs, stereos, etc. 

Non-energy infrastructure such as improved water supplies and malaria nets may also be investigated.

· Any other aspects that may arise during the project

Project RESULTS 

The following sections describe actual project results in terms of planning and designing the project, products to be used, logistics and field installation experiences, and all aspects of trainings given.

1.15 Project Plan and Design
1.15.1 Project Philosophy and Assumptions
Several field observations underlie the approach that has been taken to designing the project. These include:

1) A Pilot Project designed to scale: The project is a pilot project that, should it show promise, will be scaled up to a much larger scale, delivering energy access not just to 200 households, but 20,000-200,000 households that live offgrid in similar markets to those of the pilot project, starting with market saturation of Tanna Island in Vanuatu (2000-4000 households) before expanding to all Vanuatu (30,000 households) and the Pacific market (1 million households).

2) Mobilization of Private Sector Finance is critical: The project should aim to be as commercially viable as possible, because aid and grant funds are insufficient to meet the needs of 1.2 billion people on the planet (250-300 million households) that lack electricity. At a cost of $100-200/household to deliver minimal electricity services to the poor (4-8 hours per day for mostly lighting and communications), or $500-1000/household to deliver 24/7 higher levels of energy access, it will require $25-250 billion to deliver access to energy for all, and even reaching 20,00-200,000 households will require mobilization of at least $2-10 million. Mobilization of private sector capital is hence a critical need to finance post-pilot activities.

3) Cash is not King: Deep market penetration (energy for all) will not happen via cash sales only -  no country has ever reached 100% access to electricity without energy companies and/or governments making long-term investments in power infrastructure that is paid for as a service by customers. A cash sale model, while less risky for investors, will not be affordable to 100% of all offgrid households, and results in a "race to the bottom" of making smaller and cheaper products to access households with less cash, reducing their initial access to energy and their chance of using modern energy to improve their living standards. Putting collective effort and brave investments into methods that make rural energy lending viable in any country is critical, not optional, to achieving universal access to energy in the next 10-15 years. The UN and others have stated an intent to deliver energy to all by 2030, but so far lack viable models to achieve their aim, which this project hopes to partially address.

4) Loans must be big enough to be collectible, in all markets: Making small loans to rural households in low density geographies results in high costs of collecting loan repayments. While some microfinance organizations in high population density areas like Bangladesh and some other Asian countries have been able to successfully collect average loans as small as $20-50, most average loan sizes in rural areas or low population density countries are likely to average $200-500. Organizations that focus on lending in urban (and often electrified) areas are also not good examples to follow - any model developed must be transferable to even the most remote rural regions. A key to solving this challenge is rapid deep market penetration and aggregating demand from many small households into a larger, collectible group loan.

5) Lending periods should be as long as the market will allow: one year loans will not reduce the cost of energy services dramatically compared to a cash sale model, whereas 3-10 year loans can make these services affordable to all. However, 10 year loans to rural villagers are not currently commercially viable to the majority of the investment community, despite that serious energy infrastructure projects like grid-connected power projects (renewable or not) are often financed over 15-30 year lifetimes. Therefore, the project should aim to increase affordability by choosing as long a lending period as possible, but short enough that investor interest can still be maintained. Specialist investors that can lend for 10 years may be sought out, to demonstrate to other investors the improved affordability and higher levels of energy service that this can bring. Most microfinance organizations only make 1-year loans, and the vast majority of investors will not lend for longer than 3 years to remote offgrid villages.

6) Many hands make light work - DC over AC: where possible, the use of AC electricity will not be encouraged, so that licensed electricians are not require to travel to remote locations to do installations, or follow-up maintenance work. Where possible, low voltage (<60V) DC technology should be used, so that unlicensed installation crews of local, trained technicians can legally install and service "plug and play" pre-engineered village energy systems.

7) 100% asset recovery for first loans: it is expected that initial default rates with villages are likely to be well above the 2% levels typical of mature microfinance organizations, and may be as high as 30-50%. To counteract this risk, and recognizing that the product itself is the security for the 3-year lease-purchase agreement, the plan is to repossess those products that exceed 90 days late in payment, after 1-2 warnings at 30-60 days, and then re-deploying the repossessed infrastructure to a different household. To do this and completely recover the asset, no part of the infrastructure can be of a permanently installed nature that makes full recovery impossible. For that reason, systems like pico-hydro systems that need civil works and concrete machine foundations would not be used in a first loan to villages, whereas solar home systems are 100% recoverable and therefore well-suited.

1.15.2 Project Design - Financial 
An investor survey conducted by VIA among its investor network of angels and fund managers generated useful understanding of the variation of investor interest in rural energy projects. Investor interest is strong up to a loan period of 3 years, but reduces dramatically for loan periods of 5 years. The average loan these generally high net worth individuals were willing to invest was around $30,000. The average/median expected return was around 7.5% p.a., but with the expectation that default rates of 30% could be covered by some form of risk guarantee. Investment interest reduced considerably when no risk guarantee exists, and one could expect that return expectations would increase rapidly. 

The results of this survey are presented in Figure 3.
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Figure 3: Results of VIA investor survey, 2013

Other investor 'surveys' support these results - MyC4 has created an online Dutch auction platform for crowd-sourcing capital to loan to micro entrepreneurs, where investors offer their own interest rates, and the lowest interest rates "win" the chance to invest, while higher interest rate offers miss the chance to invest. This platform averaged approximately 13.2% p.a. for investors' desired interest rate for unsecured lending to the poor
. Other online peer-to-peer platforms such as Zopa that are focused on developed markets rather than emerging markets also give an indication of return expectations  on unsecured loans. Banks and credit cards often charge 13-23% p.a. Interest in developed markets, and even higher in emerging markets (microfinance loans in Vanuatu generally have 25-35% p.a. interest rates). Lastly, at the least risky end of town, investment rated corporate bonds in developed markets as shown in Figure 4 also give an indication of the returns associated with corporate debt in public debt markets. These are around 4-8% for AAA rated notes (2-4% higher than risk-free government bonds) and 6-9% for poorer ratings (4-6% higher than risk-free rates), the latter of which aligns well with our 7.4-8.2% result from our investor survey. 
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Figure 4: Historical corporate bond rates and spreads above risk-free rates

Source: http://www.federalreserve.gov/monetarypolicy/mpr_20100721_part2.htm  
and http://images.mises.org/3494/Figure1.png 

Given this investor market data, it is assumed that angel investors will be content with a target 10% p.a. return for 3 year loans, particularly in light of the VIA's team proven ability to raising millions of debt capital from angels at this interest rate for Barefoot Power. In future, insurance organizations that specialize in emerging markets, like the Overseas Private Insurance Corporation OPIC (who has in recent years helped fund the majority of grid-connected solar in India worth hundreds of millions of dollars),  can help project debt to achieve AAA rating status via their insurance products. The cost of this may be around 4% of the debt insured, which would give a 6% return for the lower risk product compared to 10% for the uninsured debt. This 6% rate is consistent with AAA rated corporate debt and gives a pathway to open up capital markets worth hundreds of millions, which will be required to deliver access to energy for tens of millions of people. 

However, there also exists the opportunity to refinance such loans, once the project is built, using 0% p.a. Interest from crowdfunding platforms like www.Kiva.org, and in the future, low interest funds of 2-5% p.a. may be accessible from national or international development banks, which is the same rate of interest that was used to lend for rural electrification projects in the USA during the 1930s-1950s. To be conservative, it is assumed such low cost finance is not available when pricing the service to the villagers, and should such low cost financing be obtainable, the lower interest expense will improve the robustness of the project design.

1.15.3 Project Design - Technical

System design options are now limited by the capital cost budget and revenue recovery that the project can generate within a 1-5 year period, assuming there is near-zero investor appetite for 5-20 year loans for villages. Assuming it is accepted that the average household expenditure will be $1-3/week or $50-150/year as has been observed in the field in the Pacific, Africa and Americas (unlike South Asia, where kerosene is subsidized and household expenditure is closer to $0.25-1.50 per week), and that investors require a 10% return to consider investing at outlined above, then the capital investment budgets available under these variables are given in the following table. 

The right table in Table 1 describes a situation where, for every $1 collected from a village household, only $0.60 reaches the investor, as the balance is used for meeting operational expenses and to pay intermediaries who collect these loans for the investor. In the left table, there are no such costs – every cent from the household reaches the investor, which is a theoretical but impractical/unlikely result.

Table 1: Viable Investments per Household
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This illustrates that the likely capital that can be invested in a household for one loan cycle of 3 years or less is $50-$200. Should investors be willing to extend to 4-5 year loans, the capital investment rises to $200-$300. These are fully installed costs. If one assumes from experience, online data and various studies that the markup of ex-factory prices to retail/installed prices is 100-200%, as shown in Figure 5, then the ex-supplier purchasing budget or a $50-200 retail product is $25-100 per household. This can purchase a 2.5-10W solar home system of 1-4 lamps, in general. This size of system matches well with the initial demand villagers have for their first needs for electricity - lighting and mobile phone charging. However, it is not sufficient power for refrigeration and agro-processing needs, unless it is highly communal/share infrastructure and which can attract additional income to pay it off. 

As a side note, in South Asia, investments per households for 3 year loans may only be $20-100 per household, but the installed costs from local suppliers can also be dramatically lower than international/global supply chains, so 2-10W per household may still be able to be achieved even with this lower budget, as being demonstrated by innovative companies like Mera Gao.
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Figure 5: Margin analysis of solar lantern market in Africa

Source: http://www.dalberg.com/documents/Lighting_Africa_Market_Trends_Report_2012.pdf 

Grid extension electrification for 24/7 power generally costs $400-$1000 per household, and therefore is ruled out as a viable system for the first round of investments. If the infrastructure required for 24/7 energy access can designed to be installed over two or more loan cycles, an approach which may be described as "incremental infrastructure", then the problem of short term investment horizons financing long-term infrastructure can be solved, but design engineers must be aware of this during technical design, such that initial products may later be integrated into a more conventional power system (eg. using AC wiring for DC appliances)

Four possible systems present themselves as technical solutions that fit within this budget:

1) The fully installed cost of solar home systems (self-generation) for $50-$200 is likely to be defined as 2-10W systems that give around 4 hours of power per day. This may or may not include pay-as-you-go technology for mobile-phone-based payments.
1-year example: SunKingPro 2.5Wp solar lantern (1W LED) for $25-40
3-year example: Grameen Shakti 10Wp solar system (5W of lighting) for $124

2) A battery-free reticulated minigrid installation from a centralized power source (microhydro, biomass gasifier or other) has been demonstrated in some cases to have costs as low as $100-$200 for 10-30W of power per house, and will give 4-24 hours/day of power.
Example: Husk Power biomass gasifier minigrids, 8 hrs/day, $60-100/household for 40W

3) A reticulated battery-based minigrid with centralized power generation including energy storage (usually based on wind and/or solar)can cost $100-$200 per household, for 5-20W of power, and typically will offer 4-12 hours of power to households
Example: Mera Gao shares 100-300W of solar in a small 24V minigrid of several households with costs as low as $25/household for 1-2 watts
 , while Bushlight India case studies record costs of $2000/household for around 50W per household per day.

4) A non-reticulated centralized power generation solution is a charging station, where households charge a small battery pack at a central power station (that may or may not include a battery bank), and carry this battery pack home to use, generally for 4 hours/day.
Example: OMC Power has a commercial version based around telecom towers, while TERI Light a Billion Lives has a non-profit grant-subsidized program

Much of the investment interest lately has been in Option 1, solar home systems. These can be "dumb" such as the ones that are used by market leader Grameen Shakti in Bangladesh, or "smart" with pay-as-you-go (payg) technology embedded to allow payments and product control via the mobile phone system. In a "dumb" SHS network, field officers collect payments from households. In a "smart" SHS network, field officers can concentrate their time only on defaulters, as households that pay every week pay directly to the lending/leasing company without any intermediary. Providers of such payg technology include Angaza Design, M-Kopa, Simpa Networks, Azuri, Lumeter and others. However, if there is no mobile phone reception in the village, most of these technologies are rendered useless. In recent fieldwork, the authors have found that about 25% of villages did not have service, and in some villages, there was only one "special spot" on top of a hill where reception was strong enough to use a phone, and there was no signal at households. Therefore, the lack of mobile coverage can be one reason to not opt for "smart" SHS. 

A second and more important reason, which is also applies to "dumb" SHS, is that by spreading solar panels across all household roofs in the villages at a few watts per household, the advantages of hundreds or thousands of watts of centralized power generation is lost, and end-uses that require this amount of power, even if just for a short time, cannot be used. While 2-10W can provide useful lighting and phone-charging services, SHS does not scale well to provide community with higher power equipment, and once a community has stepped down the SHS self-generation pathway, it will be much harder to introduce a centralized power generation system later. For this reason, with the specific desire to introduce 50-500W end-uses of electricity to the village within the first 2-5 years, the project design will focus on centralized power generation, eliminating Option 1 (SHS) designs. 

It can also be noted that no accepted definition of “access to energy” describes only lighting and phone charging as the solution - all definitions of “access to energy” assume higher levels of power are available for productive end uses such as agro-processing machines, refrigeration, communications, etc. Thus, if our aim is to design for “access to energy” solutions, we must plan for the introduction of higher power end uses.

Of the centralized power generation options, a solar charging station (Option 4) and a DC solar minigrid (Option 3) are systems that do not generally use AC electricity, and hence can be built by the community and unlicensed technicians. While Option 2 of battery-free minigrids provides the least cost energy of all options, these technologies may not be the easiest to implement in immature rural markets that lack efficient supply chains and providers of such technology, such as has been built up in Nepal over 2-3 decades, nor are 100% recoverable in the event of default.

1.15.4 Financial and Business Design
Given a viable target investment of $100-200 per household (or lower), a willingness to pay of $1-3/week for most households, and a 10% p.a. target return for investors, the following financial model  can be considered (Table 2). 

Table 2: Financial model for energy lending

	Capital Investment per household
	 $100 
	 $200 

	Watts of solar per house
	2-3
	5-10

	Watts of lighting per house
	1
	3

	Number of lamps per house
	1
	3

	Watts per lamp
	1
	1

	Interest @ 10% p.a. for 3 years
	 $30 
	 $60 

	Total repayment to investors
	 $130 
	 $260 

	Minimum tariff, per house per week
	 $0.83 
	 $1.67 

	Plus 25% revenue share with MFIs
	 $0.28 
	 $0.56 

	Plus 10% revenue share with Operators
	 $0.12 
	 $0.25 

	Pre-fee tariff, per house per week
	 $1.23 
	 $2.47 

	Plus VIA/other fees for loan management
	 $0.27 
	 $0.53 

	Post-fee tariff, per house per week
	 $1.50 
	 $3.00 


The minimum tariff per household per week assumes that every dollar from households reaches investors directly, and so is impractical. Up to 35% of costs may be incurred in manually collecting funds from households (this could be lowered in the future via technology, but constant visits by real field officers to newly established village projects is viewed as desirable, compared to minimizing visits or having none at all). 

The asset owner who is leasing the products to the households (VIA, or some other fund manager) will also need to earn some income for managing investors' assets for 3 years. Fund managers often have 2-4% fees on assets under management. Given the potential for having relatively high default levels in these projects that required a lot of management, a considerably higher fee is initially charged to households, which may drop if default levels turn out to be low. VIA would earn $40-80/household over 3 years, similar to investors' interest earned on the project, or 13% p.a. of assets under management, which allows for up to a 10% default before investor returns are eroded.

Field results show a strong preference for the 3-lamp systems so far. Using this model, households could pay $100-200 upfront for the assets, or $234-468 over 3 years. This is an effective interest rate of 32.8% per annum. This may seem relatively high in the terms of microfinance, but is not the highest the industry has seen, and given the higher likely default rates, the low population density in rural areas and often difficult and expensive modes of transport to reach the villages, it is not considered an unreasonable cost of long term credit. One may also consider that in 3 years that the household would own an asset which would likely have a functional life of 5-10 years, and is paying off a solar investment far faster than grid-connected solar in developed markets, and without any subsidies or "feed-in" tariffs. It can be noted that if defaults are higher than 30%, all VIA income and all investor interest would be lost, and only investor capital would be returned. To mitigate this risk and currency fluctuations, contracts/leases can be designed to extend longer than 3 years in the event of >2-5% default rates or excessive local currency devaluation against borrowing currencies.

A single village or power station does not make a sustainable business model. As per the operational model shown in Figure 1, loan collection partners such as MFI field officers will visit village Operators of the power station to collect repayments (less the 10% share for the Operator). Hence, the critical business unit is a field office of field officers and support staff. While 1-person "Agent" style field offices exist in the microfinance landscape, a more typical small field office might have 3 field officers, one field office general manager and a general office assistant. The general manager may be paid approximately $1000/month and field officers $500/month, so total monthly costs, plus a margin for administration staff in headquarters, may total around $4,000/month, or around $50,000/year. Operational costs per branch office from www.MixMarket.org data for East Asia & Pacific support this conclusion, and this MixMarket data which can be shared with the Client upon enquiry. 

Hence, if MFIs average income of $0.50/household/week as per the financial model of Table 2, or around $25/household/year, it is clear that covering $50,000/year of costs will require 2000 households to be served by a 5-person, 3-field-officer team. Hence, target geographies should have at least this number of offgrid households within 2-3 hours travel time (10-30km radius), and regions that lack this critical mass should not be initially targeted. Operationally, assuming 20-40 households per village, 50-100 villages and Operators will need to be visited each month by field officers, or 15-30 Operators per field officer. This should be reasonably straightforward given 20 working days per month - only 1-2 Operators need to be visited per day, allowing 2-4 hours per visit, which will allow quality interaction time and chasing up of a few defaulting households. 

The successful operation of these 2000-household Clusters via Field Offices will make or break the  model, and is essentially independent of the technology chosen to implement in the village. At $100-200/household of investment,  a 2000-household Cluster will cost $200,000-400,000. The 200-household size of this project is therefore only a 10% pilot of the target minimum size of viable field operation. Tanna Island (population: 20,000) has approximately 3000-4000 offgrid households and a very limited grid near Lenakel, and therefore can sustain a full scale field office to test the model, but not within the scope of this project.

1.15.5 Technical Design
Two options have been defined for the project - a solar charging station, or a DC minigrid. Most households will likely opt for 3-lamp systems that need 5-10Wp of solar each, and assuming the average village has 30 households, a village power station will average 150-300 Wp of centralized solar power. This is at the upper end of human power capability, and thus experimental efforts could also be made into solar-powered agro-processing equipment if manually operated machinery is found during field visits (or diesel powered electric machinery that does not need the full 2-3 kW of diesel power available). However, the core focus is provision of lighting via 0.5-1W LED lamps, and phone charging capabilities.

For a solar charging station, two designs are possible. The first involves a large solar panel (or a few large panels) of 40-80Wp each, that recharge a large central 12-48V battery bank, which in turn, via 15-30 battery chargers for a 30-household village, recharge small battery packs. This is well suited for a school project, where students bring the battery to school, and it is charged from 9am to 3pm, then is taken home again in the afternoon. It also allows for the possibility of later addition of agro-processing equipment or high power uses running from the large battery bank.
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Charging Station A: large battery + panel
Charging Station B: small double battery + small panels

Figure 6: Charging station technical design options

The second solar charging station option uses conventional 2-10Wp solar home systems, but adds an extra battery to each household kit. One battery is charged at the solar charging station for 2-3 days (or less if there is rain), while the 2nd battery is used at home. Similar to a gas bottle exchange system, the batteries are then swapped every 2-3 days. The solar panels used are those supplied with the original kit, so the charging station will end up with 30 2.5-10Wp panels on its roof. The advantage of this latter model is that there is no waiting for household to recharge the battery, and there is also the prospect for the households that they can eventually own the solar panel on the charging station, and once the system is paid off, they can self-generate power for free. However, the disadvantage is that no large solar panels or large batteries are installed, so the chance to use high power equipment is lost.

Instead of a charging station, a minigrid design could be used. A solar DC minigrid uses insulated wire to connect households to a central large battery and large solar panel, and power is distributed to households via these wires, rather than distributed via charged batteries and 2-3 trips to a charging station per week for every household as happens with a charging station. There is also no replication of battery storage, so the design is likely to be more cost-efficient (which the authors have found in practice). However, if defaults are high, it will be harder to recover all assets, particularly the wiring that has been installed most likely in underground trenches (though overhead wiring could be installed on local wooden/bamboo poles, or strung house-to-house, so this asset was more fully recoverable). 

There is also a limit to how far 12V DC can be transmitted, about 100m-200m depending on the current and wire thickness, before the voltage drop exceeds 5-10%. Also, if households are further 80m from the nearest house or power station, it is more cost effective for this house to use battery charging rather than investing in a quite long expensive length of wire, so hybrid systems may also need to be considered. Hence, for larger villages, it is likely that there would be several 12V power stations of 5-15 households each, which may or may not be interconnected to each other. If the power station voltage is increased to 24V or 48V, distribution can reach further, so fewer power stations would be required. These "useless" voltages can also help discourage theft of power, as no end appliance can work at 24-48V directly. 

However, due to the risk of stranded investments in the event of default, minigrids have been avoided as the entry point design for this project, and a charging station design is preferred. From the two charging station options mentioned (few large panels and large battery vs many small panels and battery interchange), the latter has been chosen, because a former lacks a key component - an efficient charger for many battery packs from a large 12V battery. VIA is working on filling this gap in the market, but such product development is beyond the scope of this project.

1.15.6 Implementation Plan
To plan the delivery of electricity to all households of Tanna Island, a cost-effective mapping technique was developed to identify all visible households and buildings on Tanna Island. Specialized yet simple software has been written by the VIA team to zoom into the maximum resolution of satellite imagery tiles that are available through Google Maps, and every household visible has a marker placed on it, which automatically generates the latitude and longitude of this households’ position. With this simple software that needs minimal training, low cost consultants from the Philippines have been engaged to inspect thousands of mapping tiles across Tanna Island, to spot households in the imagery and hence map the location of every household on the island. Such data has simply never existed before, and stakeholders such as the Department of Energy of Vanuatu have shown particular interest in such data, to help with electrification masterplans and similar.

Using this data, a preliminary location has been created for approximately 60 rural power stations, such that no household need walk more than 1-2 km to reach the battery charging station. This is also similar to the maximum distance one can transmit electricity on low voltage wiring without needing to increase the voltage to 1-3.3kV or higher, and so is rational for potential future minigrid designs as well. This preliminary project plan, and household mapping result, is shown in Figure 7. From the 60 charging station locations, which are placed every 3-4 km apart, Thiessen polygons were automatically formed to define approximate catchment areas for each station. The number of households in each catchment area could be counted, and therefore the power generation capacity of each station to supply those households could also be calculated. The full list of charging stations can be found in Appendix E. In the future, these household latitude and longitude data can be used to design distribution systems for minigrids. Those power stations near Lenakel can be dismissed, given a grid already exists there, so the actual number of power stations may drop to 50-55.
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          All households and buildings mapped
   High resolution example of mapping, Middlebush
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Service Areas of Charging Stations
        Most households are within 2km of a Station

Figure 7: Results of household mapping and planning locations of 60 charging stations

1.15.7 Operations and Maintenance Plan
The products used generally have a 2 year warranty from the supplier. The project will extend this warranty to 3 years for any product that is under the lending program. Any product that is "bought out" early will have a the warranty reduced back to 2 years. VIA believes this warranty extension is definitely required so the product is guaranteed to perform for all of the loan period, and is not excessively risky for the following reasons:

· The solar panel is likely to have a 5-10 year life, though some wear and tear might be experienced on the junction of the cable to the solar panel, but this would be locally repairable;

· The LEDs will be used for about 6000 hours over 3 years at 4 hours per night. This is below the typical LED lifetime of 10,000 hours in good quality products;

· The battery is typically the weak point, but we will use products that have LiFePO4 or lead-crystal technology, both of which are rated for 1000 cycles or more at 80% depth of discharge. If lamps are charged 2-3 times per week as designed, or 100-150 times per year, total cycles will be 300-450 over 3 years. The battery lifetime is 2-3 times higher, so this risk has been reasonably mitigated;

· The balance of the system, including plugs, connections, circuit boards and plastic housings probably now represent the weakest point of the system. These are likely to be locally repairable, or low cost spare parts can be imported to repair 'broken' products. 

At this point, there is no way to know which parts are likely to fail first, but assuming the pilot scales up to service the whole island after completion of this project, we expect to have a permanent trained technical resource in place to undertake some repairs. Households have been instructed to regularly clean the solar panels to ensure maximum energy production, and to avoid exposing the lamps to heavy rain or marine environments.

Village Operators will make notes from any households on malfunctioning products, and where required, collect such products from househlds and pass them to District Managers, who can do further analysis, and pass them to the VIA team when they visit every 1-2 months until mid 2014. After this date, we assume the project will scale up and a permanent technician can be added to the VIA field team to provide such services. This technician may be employed via the Importer, or separately, but paid for via a share of revenue from the project. Should scale-up not occur, technical support will be offered by VIA to District Managers and Importer by distance communication.

As stated elsewhere, loan collection operations will be a major challenge for the project. Currently, District Managers will be the "field officers" who collect funds every 2-4 weeks from the Village Operators, leaving 10% of the revenue with the Operators. While the original plan was for District Managers to then accrue 1 month of funds together, and send this bundled sum in one transaction to VIA, via telegraphic transfer from the NBV branch in Lenakel, the Importer has offered to assist with a local bank account, to which District Managers can deposit more regularly. The original plan would have incurred a $50 telegraphic transfer (T/T) fee, while local deposits are free. After District Managers are paid 20-25% revenue share for this service, 65-70% of gross revenue generated reaches VIA, which will typically total approximately $700-750/month, assuming zero defaults. Hence, the T/T bank fees would have been almost 1% of revenue, or 0.5% of gross revenue, which is tolerable, but sending smaller sums will not be as cost-effective. 

In addition to collecting funds, the District Managers will have to transcribe copies of Invoice Book transactions manually into a Records Book whilst in the field doing visits, and then to enter this data into an Excel document, to email repayment performance to VIA on a 2-4 weekly basis. These records should be audited to check that they precisely match the sum of money sent to VIA. This will take some months to "fine-tune".

In the future, a formal microfinance partner such as VANWODS or NBV may be engaged to collect the funds from Districts Managers, and the Record Books, and this MFI would undertake the data entry work into Excel. In this case, the District Manager would get 10-15% of revenue share and the MFI would get 10-15% of revenue share, as the duties have been split. In a 3rd scenario, the MFI may take over all repayment collection activities, particularly if their loan officers are regularly traveling to the same villages anyway, and then the District Manager would not have any major ongoing responsibility, and the MFI would take the 20-25% revenue share. These modes of operation are likely to change over time, and particularly if the project scales up to the whole island, the District Managers will be very busy with installation and logistics (for which they also get paid), and hence mobilizing microfinance partners to absolve the District Managers of loan collection work will make sense in mid-late 2014, but the District Managers will likely be actively collecting loans and sending the funds to VIA or the Importer in Port Vila for the first 6 months of the project.

The revenue sharing model is shown in the following Table. The share of revenue has been split between field officers and the managers of these field officers, so that the above evolution of loan collection duties can be taken into account. Non-labour costs for travel, fuel, printing, communications and other costs are also included in this breakdown.

Table 3: Breakdown of Loan Collection costs, using fully manual approach
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Vt/week 3   yrs,   per   kit per   year   per   10   kits Vt/week 3   yrs,   per   kit per   year   per   10   kits

150 23,400 78,000 300 46,800 156,000

Village   Operator 15   2,340 7,800 Village   Operator 30   4,680 15,600

Cluster   Manager 35   5,460 18,200 Cluster   Manager 70   10,920 36,400

Cluster   Manager   -   field   officer 15   2,340 7,800 Cluster   Manager   -   field   officer 30   4,680 15,600

Cluster   Manager   -   managers 10   1,560 5,200 Cluster   Manager   -   managers 20   3,120 10,400

Cluster   Manager   -   non - labour   costs 10   1,560 5,200 Cluster   Manager   -   non - labour   costs 20   3,120 10,400

Subtotal   -   VIA   gross   revenue 100   15,600 52,000 Subtotal   -   VIA   gross   revenue 200   31,200 104,000

Capital   repayment   to   investors 63.8   9,945 33,150 Capital   repayment   to   investors 128.2   19,995 66,649

Interest   to   investors   at   10%   p.a. 6.4   995 3,315 Interest   to   investors   at   10%   p.a. 12.8   1,999 6,665

VIA   net   revenue,   proj.   mgt. 29.9   4,661 15,535 VIA   net   revenue,   proj.   mgt. 59.0   9,206 30,686

Cluster   Manager   -   field   officer =   the   guy   who   gets   the   money   from   operators   and   brings   it   to   Lenakel   to   deposit   somewhere

Cluster   Manager   -   managers =   the   managers   of   the   guy   above   -   might   be   VANWODS   or   NBV   or   ACTIV

Cluster   Manager   -   non - labour   costs =   non - salary   costs   like   transport,   communciations,   etc



In the future, electronic methods of book-keeping and even payments via mobile phone may be introduced, particularly for villages that have phone reception in the village (though during our initial community mobilization field visits, it was noted that mobile phone reception is limited or non existent in many sites). Electronic book-keeping may use any combination of near-field communications (NFC), Radio Frequency Identification (RFID), customized Android applications on phones designed to read NFC and/or RFID tags, GSM sim-card based technologies such as those used by Pay-As-You-Go specialists (Simpa Networks, Azuri Technologies, M-Kopa and others) or chirp-based technologies like Angaza or Chirp or others. As is clear from these options, there are at least 5-10 different possible options, and more options appearing every year. 

For now, the project teams' approach is that we will aim to fine-tune processes via simple paper-based processes, as we believe it is essential to master this before introducing technological solutions, and that these introduced technologies should mimic the paper-based processes to the maximum extent possible, to make the transition as easy as possible. It is also important to also accurately estimate if the technological solutions are cost-effective compared to the simpler paper-based systems, as most of the offerings require sharing 5-30% of revenue (typically around 10%) with the technology provider, which does not create local jobs and skills on Tanna, whereas simple paper systems do create jobs. 

For comparison, the expense on "technology" in the current model is $75 of ten paper invoice books per village of 50-100 households. Compare this cost to $10,000-$20,000 of gross payments per village over 3 years, and it is just 0.75%. To 'digitize' these into Excel may cost a further $5/hour x 8 hours/month/village x 3 years = $1440, or 7-14% of gross revenue, so the efficiency of this data entry is clearly the major cost. Technology embedded into systems holds good promise to reduce the cost of tracking project accounts, and increasing accuracy, but the transition to this will happen over the next 1-2 years, during which time paper-based methods will be used.

Several organizations on Tanna are available to help scale up the project, including the Tafea Womens' Co-operative, local Digicel booth operators we have met, TVL's network of about 50 airtime resellers that we are mapping across the island, and others. However, each partner has been told we will not yet be doing any demonstrations of product to build up demand, as the lending capital to scale up to 2000 households ($400,000) is not yet available from investors, and will not likely be until 3-6 months of repayment and default data has been collected from the pilot projects. Hence, scale-up is not likely to take place until mid-late 2014.

1.16 CApital RAising from Investors
1.16.1 Sources of Capital
Figure 8 shows the typical sources of capital that are used to fund innovation in developed countries, which includes self-financing, family & friends, angel investors (individuals and groups), venture capital funds, banks and more recently crowd-funding. Excluded from this list mostly as it does not fund innovation, but has been known to fund infrastructure, is mutual/superannuation funds, of which a subset is the Socially Responsible Investment (SRI) funds. These mostly invest in publicly listed, mature companies, but sometimes provide long-term debt to stable infrastructure bond issues.

In the US, the capital available for each of these markets has been estimated
, and the less formal sources of family, friends and angels far exceed the more formal sources, particularly for early-stage investments. The size of markets shown is for the US, and Europe is about four times smaller. In developing markets, these sources of finance are far less developed, so Vanuatu sources of capital were not explored for the project, but instead, funding was aimed to be raised from the international network of angel investors around which Village Infrastructure Angels was formed.
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Figure 8: Typical sources of capital for entrepreneurs and early stage companies

For developing countries, and international aid and development, four other non-conventional sources of capital can be added, which are clearly as large as the $10-100 billion commercial sources: 

1) official development assistance (primarily from government and multilateral institutions) 

2) the rapidly growing market of impact investors

3) philanthropic/charitable grants (individuals, foundations, corporates, religious, other)

4) remittances

These capital markets are respectively valued at approximately $120 billion
 of official aid, from $8 billion
 to $50 billion
 for impact investors, $300-500 billion
 of of philanthropy of which $50-60 billion
 is focused on developing countries, and $300-400 billion
 of remittances, with India alone accounting for $70 billion and countries like Nepal reliant on remittances for 25% of GDP from countrymen and women working overseas.  Hence, official aid and private investment can often be outstripped by "family and friends" sending money home via remittances, mimicing the size of capital pools that is found in developed countries. The average cost of sending remittance finance home is ~9%, so our project will also be aiming to stay well below this cost of transferring capital.

These 10-12 sources of capital are not mentioned as a theoretical exercise, but as a thorough checklist of all available sources that can be tapped immediately, and in the future to fund growth.

As Figure 9 shows, some of these sources are on a flat or decreasing trend ("aid" or ODA), while others are on a generally increasing trend (remittances, impact investment, crowdfunding), while others simply fluctuate wildly in much the same was as they do in developed markets (FDI, private debt and equity). The stability of financial support during scale-up is very important. As a practical example, a 2nd phase of Lighting Vanuatu which was to be run by AusAID was scrapped when the new government took power in Australia (which resulted in the scrapping of AusAID itself as a stand-alone entity, as well as a reduction in its budget). Thus, aid can be considered an unreliable source of finance, and private equity markets can also wildly fluctuate, so alternatives are being pursued.
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Figure 9: ODA capital flow trends, as well as remittances and other sources

The VIA angel investor network comprises mostly of 50-60 individuals, as well as a small but growing number of impact investment funds, and some representatives of ODA/aid and philanthropy. It was this network that was used to raise the $40,000 of core funds to build this project, and these are generally the most suited to funding early stage concepts that are not yet demonstrably financially feasible. Unsuitable funds at that stage can include Venture Capital (which are after $4 million deals, not $40,000 deals), Banks (which do not support unprofitable organizations nor high-risk loans to customers lacking credit scores) and, for now, remittances, which are hard to tap into, though groups like ArcFinance have started attempts to do so
. Angel investors and crowdfunding platforms like www.Kiva.org are the most easily tapped sources of finance for the pilot project, and probably also for scale-up to a 2000-4000 household $400,000-800,000 scale later during early 2015.

1.16.2 Project Promotion
The Vanuatu project of reaching 200 households with a 3-year loan of $40,000 was prepared for the VIA network of angel investors, and presented electronically to begin with. Once firm expressions of interest had been obtained, a face-to-face presentation was made where practical. Two investors, who had both previously invested in Barefoot Power when Stewart Craine was the CEO there, and who had both received back their loans with 10% p.a. interest, showed strong interest in the project. The first respondent, the Rotary Club of Melbourne, Australia, led the negotiations on the project investment contracts. These were a blended investment, where $10,000 would be invested as a straight-forward loan to the project, and $11,000 would be invested as a repayable grant as a 25% risk guarantee for the debt investors of $40,000. Should default levels exceed 25% from the villagers or field partners, no repayment to Rotary of this grant would be required, as it is to act as a first-loss buffer that can help attract debt investors. Such finance is known as “subordinate”, because the debt that it mobilizes is “senior” to it and is repaid first, before any returns are available to the subordinate investor.

The debt and risk guarantee agreements used for the project can be shared with the Client on request. A key part of negotiations was also a cashflow forecast for the project, which indicates that if all goes according to plan, the risk guarantee can generate a 15% IRR, which is higher than the 10% p.a. return target for the debt, and this is also appropriate given the considerably higher level of risk involved for subordinate investment. In large projects, such subordinate capital is known as project equity, which is subordinate to project debt, and 15% IRR is an appropriate hurdle rate to mobilize potential project equity at large scale in the future, during scale-up.

1.16.3 Capital Raising Results
As note above, two investors from the VIA network was all that was required to reach the initial close of financing for the $40,000 raise of capital. In fact, $51,000 was raised if the risk guarantee is included as well. Complementing the $10,000 of senior debt from Rotary was an individual angel investor, Mr Chris Greacen, who would finance the balance of $30,000 of senior debt, with a target of 10% p.a. return, as part of larger overall investment in VIA projects and innovation. A key aspect of this investment is related to the interest of a third investor, www.Kiva.org, which is a 0% interest lending organization that crowdfunds very small amounts of capital ($20-1000) from thousands of investors, and lends this capital to entrepreneurs in developing countries. Kiva is keen to support a rapidly growing portfolio of green energy loans, and VIA has been selected as a non-conventional lending partner. 

Kiva has a extremely well designed process for testing out new partners, with 3 stages of due diligence that lead to 3 stages of investment
. VIA is currently in the first 'experimental' stage, which has light due diligence and a maximum loan amount of $20,000. The value of not paying 10% interest on this sum over 3 years is approximately $6000, so this was a significant gain for the project cashflow and potential project equity return and/or VIA earnings. However, a cost is incurred upfront of collecting considerable paperwork from households and charging station Operators (the entrepreneurs), as well as videos, for each loan profile to satisfy the Kiva lending processes. The cost of doing so is likely to cost less than $6000 only if it is executed during the installation of the projects, when considerable training and support is being given, and loan agreements are being signed, as opposed to making a special expensive trip earlier before construction to collect such data. Even after this data is sent to Kiva, it may take 1-2 months to receive the funds. Hence, Kiva funding cannot be secured to finance project procurement and construction, but only to refinance a built project. Consider also that even if Kiva funding was secured for project construction, repayments would have to begin immediately after the funds were secured, but no revenue would yet have been generated because it takes 3-6 months to build the project.

As such, the Chris Greacen and Rotary loan will be used to primarily finance the setup, procurement and construction phase of the project, and then they will have an opportunity to have their loan fully or partially repaid from inflowing Kiva funds as the project is refinanced. Kiva explicitly does not desire any risk guarantee from household or entrepreneur defaults*, so if $20,000 of long-term loans come from Kiva and only $20,000 is required from Rotary and/or Chris Greacen, the $11,000 guarantee could then raise to a 50% risk coverage instead of 25%. With project construction timed for February 2014 and Kiva funds likely to be secured in April 2014, we expect that with 3 months of repayment data, Kiva can consider scaling up to their 2nd level of engagement with VIA by August 2014, which would increase the lending limit to $200,000-400,000. 

Hence, by late 2014 and within 1 year of making the loan, the angel investor and Rotary could have an opportunity to have 100% of their loan repaid if Kiva fully refinances the project, regardless of the default level being incurred, while Kiva happily takes the longer term risk of the project finance, risk that it can uniquely spread amongst far more investors than VIA can. In our view, efficient crowd-funding partners can put at risk far smaller amounts of capital from far more investors during the earliest, most risky stages of project development, and a very small potential loss amongst many is more appropriate than a few people losing a much larger investment. Later, as projects mature and losses are minimized, more mainstream investors can take on the longer term lending risk.

This constructive interaction between different investors has large appeal, where one group builds projects which another group then refinances to take the long term risk, lessens the risk of loss for the angel investors, who can have an exit opportunity every 12 months as a project is built and "flipped", whilst still earning a 10% p.a. Return. It appears appropriate that 0% loans for the long-term are ultimately cheaper for villagers, and default risks are spread over a large crowd of investors who have relatively little at risk. 

It is likely that this “construction capital” model will be very attractive to angel investors, and similar 'low risk' 1-year loans created effectively as corporate bonds by Stewart Craine for Barefoot Power not only raised millions in angel financing to finance tens of thousands of solar home systems for the poor, but also won considerable awards, recognition and grant support
 for its innovative way of pushing Micro Supplier Credit through an entire supply chain. The model being developed in this project is an extension of the Micro Supplier Credit
 model, where the credit is not just extended to importers and retail entrepreneurs for a few month so they can sell products for cash to households, but instead the credit reaches all the way to the households, and lasts 3 years instead of 3 months. The major innovation is to split this into two investments, construction capital and lending capital, so construction investors can enjoy a quick exit and rollover their funds to build more projects.

With appropriate financing partners taking appropriate risk in the different phase of this project, it is anticipated that $200,000-400,000 in finance can be raised in the next 6-9 months to lift the project size from 200 households to 1000-2000 households as we reach Kiva's 2nd stage of partnership. Within 18 months, further expansion to 10,000 households is possible and raising up to $2 million in Kiva's 3rd stage of partner together with similar investment from angels and impact investment funds. Other crowd-funding platforms such as MicroPlace, SunFunder, Kickstarter and others can also assist in similar ways to Kiva.

In summary, with the $40,000 of senior project debt from Rotary and one angel, $11,000 of risk guarantee and a $10,000-20,000 of refinancing from Kiva
, a total of $61,000-71,000 will have been raised for the project by the end of the IRENA contract. One deliverable for IRENA is to raise at least twice as much as the US$26,200 capacity building grant from investors, or a minimum of $52,400. This deliverable has been met and exceeded. Leading field partners on Kiva refinance $100,000-250,000 per month and have raised $10-25 million each, so the Kiva platform gives an excellent opportunity to scale. In the projects VIA has launched on Kiva, it has taken less than 12 hours to secure the funds for the projects from the crowd, so it is also very very fast and efficient once loaded, and demand for green clean energy loans from Kiva investors seems very high.

1.17 Product Procurement and installation
1.17.1 Product Supply - Technical Options
From Table 1, the investment budget available for purchasing products from suppliers is $25-100, so as to deliver fully installed projects for $50-200/household. This installed cost would be similar to the retail price that is currently seen in rural markets where such products are sold for cash. As noted, this is expected to allow installations of 2.5-10W of solar power per household. Non-solar technologies could also be considered, but first, solar products will be explored. Products can be classified in many ways, but one important method is according to quality certifications.

The supply options for solar products using LED lighting have grown significantly since 2008, and a leading certification program to assist this growth is the World Bank / IFC's Lighting Africa program. Therefore, the first database of supply options investigated is that from Lighting Africa. 44 products are currently in this database (see Appendix A), and several have recently been retired from the catalogue and not renewed. Due to the design of the project, four product characteristics can reduce the number of applicable products to our project:

1) Products with an integrated solar panel - our project is designed around central solar charging stations for reasons outlines in section ‎3.1.2. This eliminates 8 products (dlight S2, dlight S20 "Kiran", India Impex JS30-MOB, Little Sun, Micromark Compact, Nokero Solar Light Bulb, Wakawaka, Solarworks Rooflight)

2) Products that are simply not bright enough (<50 lumens at high or 30 lumens at medium) - in an effort to offer lower retail prices, some products give very low levels of light, some almost as low as a candle or kerosene lamp (10-30 lumens). Our target is to give more light, at least 50-100 lumens. This condition eliminates 12 additional products, including Nuru lights, Tough Stuff lights (probably discontinued anyway), Foce/Austa Solar Lamp, Deutrex818 lamp, Greenlight's Sun King Eco and Solo lamps,  Pharox from Lemnis, Pharos Great White Light, Solar Works Lighting Kit 1.3 and the Barefoot Firefly Mini.

3) Products that do not charge a mobile phone - it is an essential feature that the product should be able to recharge a low-end mobile phone (not a smart phone). Most of those with low light output also fail to offer this feature, but 4 additional products are eliminated from this condition - the Marathoner Beacon, the Solux LED50, Minda Lantern and the Schneider 2.5W Home Light.

4) The battery must be likely to last well over 3 years, the lending period - normal lead-acid and AGM batteries, NiCd, NiMh and most Li-ion batteries are likely to last 200-500 cycles. Households charging a battery 2-3 times per week will undergo 100-150 cycles per year, or 300-500 cycles in the lending period. Therefore, our preference is for batteries with a life cycle (where capacity drop is not mroe than 35%) of at least 500-1000 cycles, and preferably 1000-2000 cycles. LiFePO4 batteries are hence a strong preference, and specialist lead-acid batteries can also potentially qualify. This condition eliminates 4 products, including the Barefoot Power 5W Powerpack, Global Telelinks Solar Home System, Ceiling Lantern and Arundhati Lantern, and the One Degree Solar Bright Box. It can be noted that the Pharos Great White Light and the Solar Works Lighting Kit 1.3 would also be eliminated on this condition, amongst others.

5) Products with less than 9 hours runtime at high/medium setting (>30 lumens) - our project is designed so households need not recharge every day, but every 2-4 days, so assuming 4 hours of use per night, 8-16 hours of runtime is optimal, preferably 12-16 hours. Lamps with multiple lamps can have one lamp removed to increase runtimes from existing batteries. Increasing the battery size is assumed to be impossible. This condition eliminates the Barefoot Firefly Desklamp, Dlight S300 "Nova", Fosera SCANDLE 200, Marathoner Beacon 3-lamp kit and the Niwa Multi-300. 


This leaves the following 8 viable products, that mostly have 2.5-3Wp of solar per lamp and give 60-160 lumens of light. 

· Azuri Indigo Duo Solar Home System
2 lamps     LiFePO4
          60 lm/lamp
2.5 Wp

· Fosera Pico Solar Home System 7000
2 lamps     LiFePO4
          90 lm/lamp
5.0 Wp

· Greenlight Planet Sun King Pro

1 lamp
      LiFePO4
          110 lm/lamp
3.0 Wp

· Orb Solectric 15 (India)


2 lamps     LiFePO4
          155 lm/lamp
6.7 Wp

· Trony Solar Sundial TSL 01

1 lamp
      LiFePO4
          140 lm/lamp
1.9 Wp

· Trony Solar Sundial TSL 02

2 lamps     LiFePO4
           99 lm/lamp
3.6 Wp

· Bettalights BettaOne


1 lamp
      Lead Crystal         88 lm/lamp
3.0 Wp

· Bettalights BettaTwo


2 lamps     Lead Crystal         90 lm/lamp
5.6 Wp

However, Niwa provided a specially modified product that had reduce lighting levels to extend the runtime from the standard battery, so this was also considered technically eligible. The project team remains open to supply of "ineligible" products if they have been modified by suppliers to improve the battery chemistry (eg. from lead-acid to LiFePO4) or to modify lamp lighting levels as Niwa did to achieve the desired runtimes.

Lastly products that are not focused on African markets often do not have the Lighting Africa quality mark, such as systems being used by Simpa Networks and others. The China Golden Sun quality mark from the World Bank (via the China Quality Certification Centre
) could also be appropriate, but practically all systems certified were based on simple lead-acid, so would not meet the long-life battery requirement of our projects. Various other World Bank and National Government certifications exist, too many to name here, and suppliers involved in these programs could also be considered eligible, including well-known names such as Sundaya (Indonesia), Grameen Shakti (Bangladesh) and SELCO (India). However, the fact is that most  LiFePO4 products are produced from China, so this is likely to the source of supply for the majority of VIA projects (and is the source of supply for all of the above listed companies, plus also largely for Sundaya and partially for Grameen Shakti). Testing non-certified Chinese suppliers is currently beyond the scope of this project, but to attain better value products in the future, direct purchase from good quality Chinese suppliers could be a medium term goal if prices from the main suppliers in the above shortlist still seem excessive.

1.17.2 Product Supply - Pricing
From the Supplier Shortlist, prices could be obtained for the various products, and willingness to supply to the Vanuatu market. A general indication of prices (in 2011) from 21 products can be noted from a recent IEA publication
, which are shown in Figure 10 and Figure 11. These show that the retail price (or installed cost target for our projects) to be around U$20 per watt, which is consistent with our earlier cost modeling.
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Figure 10: Typical retail prices of modern Pico Solar Systems
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Figure 11: Typical retail cost per watt for modern Pico Solar Systems

Importantly, it is also clear that there is a steep increase in the cost per watt for the consumer if they are can only afford a product of less than 2 watts. While the best of breed can maintain the $20/watt pricing system, there a trend for most 0.3-1.5 watt systems to offer less value than larger 2.5-10 W systems. Delivering value to the consumer is a key objective of energy lending, so this further supports our preference for focusing on 2.5-10W systems, and not smaller systems, many of which offer rather modest lighting levels and do not charge mobile phones. An extension of such cost modeling to larger 10-300Wp solar panels and larger batteries also suggests that minigrids of large, shared panels and batteries will offer a $/Wp installed cost 2-4 times lower than solar lanterns, at $5-10/Wp, giving the poor greater access to more cost-effective power, and which can run higher power machinery and productive end uses.

Appendix F summarizes the price information we obtained for the Vanuatu pilot project. From this data, and the customization efforts certain companies were kind enough to make for our small volume order, we found that the most cost-effective 3-lamp system would be from Betta lights, while the most cost-effective 1-lamp system would be the Sun King Pro from Greenlight Planet. Very recently, Barefoot Power has recently released a new range of products, including the "Go" lantern and Connect 600 which is not yet Lighting Africa certified, but these cost 20-40% higher than the preferred products. Similarly, Dlight design has also recently released a 3-lamp kit which is “expensive”. The Sun King Pro will also soon come with an option for including Pay-As-You-Go technology that allows payment for usage and control of the product via SMS mobile systems. 

Comments can also be made on other high-ranking results in Appendix F. The Schneider battery charging station system that costed well was non-standard, and the company declined to make the significant changes we required (mostly a lowering of the 2.5W LED lamp power to around 1W), and the dlight M-Kopa PAYG 3-lamp kit is quite new and not yet to be available in Vanuatu. Similar Azuri is highly focused on Africa for now, so declined to quote.  Lastly, Solarland is the supplier behind Barefoot Powers' Generation 2.5 range, so a product supplied by this Chinese company is deemed likely to be of high quality, even if not Lighting Africa certified, and a 3-lamp kit from Solarland is the 2nd best option ($100/kit) behind the very cost-effective Betta Lights system ($80/kit), and has a larger solar panel, plus mixes both fixed lights (2) with portable lights (1), which is unique at this point. The PSHS Fosera 7000 also rates well ($104/kit). The modified Niwa was deemed relatively expensive ($52.40/kit) compared to the Sun King Pro ($36.50/kit).

VIA has also looked at sourcing non-certified products cost-effectively from Chinese suppliers, but these are not dramatically better priced, and still need quality testing, so are a low priority for now. Details of products kit designs and source factories can be given on enquiry. A price was not obtained of the Orb Solectric, primarily because it would be sourced from India, whereas all other supply is from China, and so too is the Vanuatu Importers’ experience. This product could be included later if cost-effective.

An important conclusion from this analysis supports the cost-per-watt conclusion from IEA, in that 3-lamp kits were considerably more cost-effective than 1-lamp kits. For example, a 3-lamp kit at $80 was considerably cheaper than buy three 1-lamp kits (3x$36.50 = $109.50) to get a similar lighting service to households, though without the advantage of portability, which is highly desirable for at least one lamp per household. To counteract this disadvantage of having 3 fixed lamps in 3-lamp kits and no portable lamp, VIA has worked with Betta Lights to source a solution so that one of the fixed lamps has an internal battery added, recharged from the main battery, and thus can be portable. This is now one of the few 3-lamp systems on the market that has a mix of static and portable lamps, and demonstrates the value-add VIA can bring that normal fund managers would never be able to do. 

Note that all prices include a spare Sun King Pro lanter for swapping at the charging station, or a spare Betta Lights battery pack for swapping in the case of the larger 3-lamp kits. Therefore, the installed cost can be expected to be higher than the usual retail prices of "normal" pico solar kits that do not have these spare lanterns and batteries (which adds 20-40% to the "normal" price).

Given these FOB supplier prices of $35-40 for a 1-lamp kit and $80-100 for a 3-lamp kit, we expect it to be possible to install the systems at $80-100/lamp for the 1-lamp lanterns that have a 2.5-3Wp panel, and $160-200 for the 3-lamp 5-10Wp system, at $20-30/Wp, and hence consistent with the IEA cost findings, even with the extra battery.

1.17.3 International and Local Logistics
To deliver the product from the supply factories to the village households, we will need transport from the factories in China to the Vanuatu importer at Port Vila, then further logistical partners to ship from Port Vila to the district capital of Tanna Island (Lenakel town), and finally to the target villages. This was successfully undertaken for the Sun King Pro 1-lamp kits in November 2013 - January 2014, and also for the Betta Light 3-lamp kits during January 2014 - May 2014.

The costs of each leg of the journey are show in Figure 12. The cost of international shipping of full 20-foot container load (FCL) of product is generally around 2-5% of the value of pico solar products, or $2000-5000
 for a container containing approximately $100,000 of product. However, for our $40,000 project, only $15,000 of product at FOB value will be shipped, so this will be far less than a full container. Less-than-container loads (LCL) will cost a higher percentage of the product value, typically 5-15% for international shipments sent be sea and 20-40% for shipments sent by air. The Sun King Pros were sent to Vanuatu by China by air for $700 compared to by sea for $350, so that product would arrive near Christmas time, and within Vanuatu by air for security reasons (small sea shipments are often stolen) for $120. Hence, the allowance for international freight has been set at 20% for international shipping in the cost model to be conservative, but in future could be 5-15%.

The cost of local freight is often similar to the cost of international freight as well at 5-15% product value when shipped LCL, despite the shorter distances (though lower budgets are possible by air, where weight and not volume determines pricing). Hence, the local freight cost has been modeled at 8% of FOB value. When the product lands from China, value-added tax (VAT) is applied to the landed cost of the product, and the cost of local duties is also applied. The World Bank
 gives indicative information on the costs of clearing a full container ($1440 for Vanuatu), which are helpful, but not directly applicable to our LCL shipment.
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INSTALLATION INSTALLATION

US$ Vt Markup   on   FOB US$ Vt Markup   on   FOB

Supplier   Price,   FOB   ex - China 38.00   3,800 Supplier   Price,   FOB   ex - China 76.40   7,640

International   Freight 7.50   750 20% International   Freight 15.08   1,508 20%

VAT 5.70   570 15% VAT 11.46   1,146 15%

Customs   Duties 5.70   570 15% Customs   Duties 11.46   1,146 15%

Subtotal   -   Landed   Cost 56.90   5,690 50% Subtotal   -   Landed   Cost 114.40   11,440 50%

Importer   Markup 12.00   1,200 32% Importer   Markup 24.13   2,413 32%

Domestic   Freight   to   Lenakel 3.00   300 8% Domestic   Freight   to   Lenakel 6.03   603 8%

Transport   to   village 2.00   200 5% Transport   to   village 4.02   402 5%

Installation,   labour 8.00   800 21% Installation,   labour 16.08   1,608 21%

Installation,   materials 2.00   200 5% Installation,   materials 4.02   402 5%

VIA   project   management 10.00   1,000 26% VIA   project   management 20.11   2,011 26%

Additional   VAT 5.55   555 15% Additional   VAT 11.16   1,116 15%

Fully   Installed   Cost 99.45 9,945 162% Fully   Installed   Cost 199.95   19,995 162%


Figure 12: Logistical supply chain cost model

The logistical services VIA requires from the importer and a local field partner is to clear the imported products at Port Vilage, and then re-ship them to Lenakel, Tanna, followed by from Lenakel to the villages (often in a 4WD). Such services are often called “freight-forwarding”. Markups (profit divided by received value) have been used in the cost model for the importer and local installer that are similar to profits made for supply chain partners when they have been buying and selling goods in the cash-sale model of other businesses. However, a crucial difference applies here - because the supply chain partners do not tie up their cash in buying and selling the products themselves. They  require no working capital for the project, and will be paid as freight forwarders for the logistical services provided, yet still make similar profit to the cash sale model. Hence, the model should be highly attractive to existing importers, distributors and retailers. Over time, the 20-35% markups on FOB value may be able to be reduced as volumes increase considerably, but for now, these markups are deemed appropriate for the services rendered. The final installed costs of the products is budgeted as $100 for the 1-lamp kit and $200 for the 3-lamp kit.

Included in the installation budget is a 10% project cost for the project manager (VIA). This is essential, in case all households in the program buy the products for cash soon after receiving them, and VIA does not receive any profits from the share of revenue collected during the loan program. This 10% "project engineering, design and management fee" is not unusual in construction projects, and is not arbitrarily chosen. In a 3-year lending model for a $100 product, VIA would charge $1.50/week to households and aim to make profit similar to the lenders, who earn 10% p.a. on their loans. Hence, VIA would aim to make $10/year or $30 over the 3 years from this $100 of capital and $225-234 of gross payments made by the villagers. If the VIA lending program becomes a cash-sale program because 100% of households buy out the product within 1-3 months of it landing, VIA needs to make a similar profit (ie. $10/year).

If the $100 product sells for cash, and VIA took 12 months to design the project and deliver product to villages, then in a 3 year period, 1 cash sale could be made per year or 3 cash sales during 3 years. VIA needs to earn $30 during these 3 years to make a profit equivalent to income earned managing the lent assets, so VIA should earn $10 per cash sale event, or about 10% of the product value. Should VIA be able to design and deliver projects within a 6 month period, this might drop to 5% of product value as 6 cash sales are made within 3 years, but for now, it is assumed that the working capital turnover ratio is closer to 1.0 rather than 2.0. Hence, the VIA or project manager business model can then handle any combination of cash sale or leasing by villagers - it will earn income in any of these scenarios, or hybrid scenarios that involve some cash sales and some loan management. 

A planned project by the World Bank for Vanuatu in 2-3 years presents a preference for cash sales of subsidized solar home systems. A pure service model is a completely different business model, particularly if it does not ever envisage transfer of the assets to the households (ie. Buyout of the lease is not possible). To allow for a potential cash-sale model in Vanuatu, VIA must include a buy-out possibility so it can run a “try-before-you-buy” style of cash sales to vilagers if the World Bank project takes off. Such buyouts of leases are common in Western / developed market solar leasing as well, as shown in Appendix D from Sun Run LLC. Hence, as described above, our business model design is a hybrid of pure service and pure cash sales, and can offer both service and cash sales while still being profitable. The project team will attempt to highlight this to the World Bank program designers, so that they do not subsidize pure cash sales models of business only, to the destruction of any attempted solar leasing models, but to demonstrate to them that solar leasing and cash sales can and are being successfully combined into one business model.

1.17.4 Field Installations
Figure 13 shows the total project budgets in Vatu for the installation of 45 Sun King Pro lamps and 145 Betta Light 3-lamp kits. The exchange rate is roughly $1 = 100 Vatu, so the total budget for Shipment 1 is approximately $4,475, for Shipment 2 is $22,000 and for the entire project is $33,000. This is approximately $7,000 below the $40,000 investment budget, so the project is on track to be installed within available funding, including a 10% project installation fee for VIA. The actual installed costs were slightly above budget, but well within the $40,000 investment limit. The $337.50 international freight budget for Shipment 1 was exceeded by about $350 because the products were sent by air, while the local freight cost budget was similar to the actual air freight cost from Port Vila to Lenakel. Shipment 2 of the Betta Light kits were sent more slowly by sea freight only, reducing shipping costs as a % of product value shipped: China-Vanuatu sea freight cost less than $1000, compared to the $2186 budget, making up some of the extra costs of earlier air freighting.

Field teams have been shown these project budgets, and understand how their costs are a proportion of the target installed cost of the products, such that a viable commercial model can be used. The local field partners on Tanna have settled on a daily rate of US$50/day for labour, and $50/day for car hire and fuel (it takes about 20 minutes to reach Western Tanna villages, and about 1 hour to reach Northern Tanna, if the unsealed roads are in reasonable condition). Thus, their budget per site for $1300-1400 will mean 26-28 full work days were allowed for during two pre-installation community mobilization visits in March and September 2013, assistance with 4 training courses during Nov 2013 - May 2014, and follow-up technical support and order gathering with villages while the VIA managers are not in Tanna. There is no way 6 training and mobilization sessions would normally by undertaken within this project budget, so IRENA capacity building funds helped complement the field partners' project budgets to increase their working days from 26-28 days to 35-40 days, giving each field partner (District Manager) an additional $1000 of income.
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INSTALLATION Middlebush West   Tanna Total

US$ Vt Markup   on   FOB Quantity: 20 25 45

Supplier   Price,   FOB   ex - China 38.00   3,800 76,000 95,000 171,000

International   Freight 7.50   750 20% 15,000 18,750 33,750

VAT 5.70   570 15% 11,400 14,250 25,650

Customs   Duties 5.70   570 15% 11,400 14,250 25,650

Subtotal   -   Landed   Cost 56.90   5,690 50% 113,800 142,250 256,050

Importer   Markup 12.00   1,200 32% 24,000 30,000 54,000

Domestic   Freight   to   Lenakel 3.00   300 8% 6,000 7,500 13,500

Transport   to   village 2.00   200 5% 4,000 5,000 9,000

Installation,   labour 8.00   800 21% 16,000 20,000 36,000

Installation,   materials 2.00   200 5% 4,000 5,000 9,000

VIA   project   management 10.00   1,000 26% 20,000 25,000 45,000

Additional   VAT 5.55   555 15% 11,100 13,875 24,975

Fully   Installed   Cost 99.45 9,945 162% 198,900 248,625 447,525


[image: image27.emf]BETTA   LIGHT   -   3   LAMP   KIT       300   Vt/week

INSTALLATION Middlebush West   Tanna Total

US$ Vt Markup   on   FOB Quantity: 75 70 145

Supplier   Price,   FOB   ex - China 76.40   7,640 573,000 534,800 1,107,800

International   Freight 15.08   1,508 20% 113,092 105,553 218,645

VAT 11.46   1,146 15% 85,950 80,220 166,170

Customs   Duties 11.46   1,146 15% 85,950 80,220 166,170

Subtotal   -   Landed   Cost 114.40   11,440 50% 857,992 800,793 1,658,785

Importer   Markup 24.13   2,413 32% 180,947 168,884 349,832

Domestic   Freight   to   Lenakel 6.03   603 8% 45,237 42,221 87,458

Transport   to   village 4.02   402 5% 30,158 28,147 58,305

Installation,   labour 16.08   1,608 21% 120,632 112,589 233,221

Installation,   materials 4.02   402 5% 30,158 28,147 58,305

VIA   project   management 20.11   2,011 26% 150,789 140,737 291,526

Additional   VAT 11.16   1,116 15% 83,688 78,109 161,797

Fully   Installed   Cost 199.95   19,995 162% 1,499,601 1,399,628 2,899,229
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INSTALLATION Middlebush West   Tanna Total

US$ Vt Markup   on   FOB Quantity: 95 95 190

Supplier   Price,   FOB   ex - China 67.31   6,731 649,000 629,800 1,278,800

International   Freight 13.28   1,328 20% 128,092 124,303 252,395

VAT 10.10   1,010 15% 97,350 94,470 191,820

Customs   Duties 10.10   1,010 15% 97,350 94,470 191,820

Subtotal   -   Landed   Cost 100.78   10,078 50% 971,792 943,043 1,914,835

Importer   Markup 21.25   2,125 32% 204,947 198,884 403,832

Domestic   Freight   to   Lenakel 5.31   531 8% 51,237 49,721 100,958

Transport   to   village 3.54   354 5% 34,158 33,147 67,305

Installation,   labour 14.17   1,417 21% 136,632 132,589 269,221

Installation,   materials 3.54   354 5% 34,158 33,147 67,305

VIA   project   management 17.71   1,771 26% 170,789 165,737 336,526

Additional   VAT 9.83   983 15% 94,788 91,984 186,772

Fully   Installed   Cost 176.14   17,614 162% 1,698,501 1,648,253 3,346,754


Figure 13: Project Budget for Shipment 1, Shipment 2, and Total Project

Included in the project is a budget for materials of approximately $673. This can be used for building frames to house the solar panels, and/or to provide security for the solar panels and batteries that are being recharged. Local artisans may be able to fabricate lockable battery storage cabinets for $30-100 each, local reinforcement bar, concrete @ $20/bag, and other materials, which should last a minimum of 3 years, the lending period.

The local transport budget of $583 will purchase approximately 10 days of local 4WD transport at the agreed rate of $50/day (which was higher in the initial mobilizations). This is not sufficient for 6 training and mobilization sessions, as well as carrying product from the Lenakel port/airport to village sites, so the IRENA budget will be used for covering transport costs during capacity-building training sessions (it would take a long time to walk to the sites to do the training!).

1.17.5 Other Procurement and Installation Issues
No further issues have been raised at this time. Negotiations with the government may be made to reduce or eliminate the duties on solar products imported, which was achieved on the 2nd shipment.

1.18 Entrepreneur and Stakeholder Trainings
1.18.1 Training Overview
Four rounds of formal training were undertaken for this project to build up the capacity of entrepreneurs in the villages who are operating the power stations, and train-the-trainer programs to build up the capacity of district managers  that will visit the entrepreneurs regularly. Prior to these trainings, which were held during or after installation, a preliminary mobilization of the community was also be undertaken, to help all local stakeholders understand the project design, aims and responsibilities.

1.18.2 Community Mobilization
During 2nd- 9th September 2013, Mr Bruce Rowse visited Vanuatu on behalf of VIA for community mobilization. At the conclusion of this trip, a field trip report was submitted (VIA_Tanna_trip_report_
Bruce_Rowse_Sept13.pdf), which gave details of the community mobilization activities and outcomes. This visit followed a field trip by VIA's Kim Chen in May 2013, which happened before this IRENA project to mobilize the villages, and this gave Mr Rowse good contacts to follow up. 
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Figure 14 - Local responsibilities of local partners 


Figure 14 shows the role of a local non-profit fair-trade NGO (ACTIV) as the importer who brings in products VIA has purchased from suppliers, and these are then shipped to Tanna Island, which has been divided into a Northern region (Middlebush) managed by Isso Kapum, and a Western region managed by Vallette Nako. Isso has also had some mobilization support in past years from a US-based NGO called ArtTEK, though not being in-country limits their likely involvement for the project. In the future, it is likely that Regional Managers will be established for the Southern and the Eastern regions too, as the project scales up. Tanna Island is characterized by strong tribal divisions, and it is important to find people from the local area to manage the project.

Product samples were shown to several villages in each region during September 2013, with a target of lending up to 100 households in each region. Four different systems were presented to the villages, as summarized in 

Table 4
. Demand appeared very strong, with 485 households expressing interest in participating which was well above the target of 200 total households, and 59 placed monetary deposits within a week, of about 1-2 months of kerosene and phone charging expenditure, or 5% of the installed cost of the project. The 3 lamp systems, which would cost $3/week (Vt 300/week) to lease, appeared to be considerably more popular than the 1-lamp systems, which cost $1.50/week (Vt 150/week). Of these two categories, Betta Lights and Sun King Pro were the preferred systems, compared to other samples shown from Barefoot Power and Niwa. 
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Figure 15: Sites visited in North and West Tanna during community mobilization

This was fortunately consistent with the fact that Betta Light systems and Sun King Pro lanterns were lower cost than the alternatives, so these two models were hence selected for ordering. Given that there was roughly triple the demand for larger kits than lanterns, this field trip yielded a recommended order of 150 Betta Light systems and 50 Sun King lanterns.

Table 4: Summary of demand response to products shown during community mobilization
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There also existed considerable interest in buying the products up front, and not leasing the products over 3 years, particularly in the Northern region (Middlebush). This is taken account of in the solar lease, such that a buyout price is available at any time during the lease period, so the products can be bought for cash on landing, or after any number of months of leasing, at a decreasing price (see  Appendix B for details, based from a grid-tied solar example in Appendix D). To meet this demand for cash purchase, the only product available in-country of those demonstrated were the Barefoot Power 4-lamp systems. ACTIV was notified of this demand, and sent 4 systems on credit to Isso Kapum in the Northern region, which was considerably lower than the communicated demand for over 100 systems, but commercially advisable given no credit history existed between ACTIV and the Northern households or manager. Upfront prices considered were around 9,000-13,000 for the 1-lamp kits, and 16,000-24,000 for the 3 lamp kits. These prices did not decrease demand, though they are relatively high (mostly due to the extra battery in the system, but also due to supply chain margins and low volumes). Final pricing could be (and were) established at the first training, during installation.

This field response also suggests that the majority of households are likely to buy out a lease within a 6-18 month period, rather than last the full 3 year lease. The VIA business model includes a 10% project management fee when installing the systems, so VIA will generate similar revenue whatever combination of leasing and cash purchasing occurs.

It was also noted in the field that the Northern area was a coffee growing area, so some agro-processing power for machines used in the coffee processing system could be of interest, and that cashflow was seasonal with the harvesting and selling of the coffee. Demand from the Northern region was up to 10 times higher than West Tanna, however, for now, the number of target households in both areas will remain the same, at 100 per region. If uptake is slow in the Western region 30-60 days after initial installation, products designated for that area can be moved to the Northern region. 

Interest was also expressed in expanding the program to larger systems that can run a TV, DVD player, fan, refrigerator, laptop computers and/or up to 10 lights. However, until credit and repayment performance is established, such larger systems will not be offered to villages. Strong interest was shown in delivery by Christmas.

1.18.3 First Training - Installation, Business and Book-Keeping
The first trainings were undertaken during field visit by Stewart Craine to Tanna during November 30 to December 10. This comprised of three major components:

1) Training village entrepreneurs on operating the charging station (which is currently on comprised of Solar King Pro 1-lamp kits), product characteristics, book-keeping and the revenue sharing model.

2) Training district managers (training-the-trainers) - the full project costs and repayment model have been shared with District Managers, so they are aware of the full project scope.

3) Capacity building of the Importer and other stakeholders - time spent with the Importer increased understanding of how the new model would not require working capital from them, and they would provide freight-forwarding logistical support, and some after-sales technical support. Loan collection partners, government agencies and other stakeholders were also contacted, to request their support for the project.

Training Entrepreneurs

Two training sessions were held, one in West Tanna at Ipai village and one in North Tanna (Middlebush). Attendee lists for both sessions are available on Client request. The West Tanna session had 8 attendees from 4 villages (Ipai, Tan Yeba, Lepkit and Leitouapam) plus the District Manager, Valette Nakko. The North Tanna session was supposed to be of similar size, but as it was held at a training centre on graduation day, 5 additional tribes attended lifting the total to 9 tribes, and there were 24 attendees instead of 8. Written materials were only available for all 9 villages, just for the original planned 4 villages, but this did not deteriorate greatly from the session, which relied greatly on visual demonstrations and oral challenges of understanding.
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Figure 16: Middlebush training session with Isso Kapum talking to operators
Operator Handbooks and District Manager Handbooks were printed and issued to the operators and managers
. Copies of these Handbooks will be made available separately to the Client.

Receipt books were purchased locally that allowed duplicate invoices to be recorded. These included 100 pages and cost $7.50 each. While the most obvious application is to issue an invoice to each house each time they come to charge their lantern, or at least each week, this is not cost-effective. For 200 households paying every week for 3 years, 156 pages of invoices would be needed for each household, or 31,200 invoices for a relatively small project. This would require 312 invoice books, costing $2,340, over 5% of the $40,000 capital cost budget. Instead, each of the 17 rows of each invoice page will be used to record one week of charges, so 1700 weeks of activity can be recorded per invoice book, or 17 weeks for up to 100 households per village. No village is likely to exceed 100 households, particularly in this 200-household pilot spread across 8 villages, so for 156 weeks of the lending period, 10 invoice books will be required per Operator / village, or 80 invoice books in total. This would cost $600 of invoice books, a more reasonable budget, and could also be used if the project scales up to as many as 800 households (8 villages x 100 households/village). 

In the future, electronic forms of book-keeping via phone-based Android applications may replace his $75 per Operator capital budget for invoice books, but paper invoices are the simplest start. During lease management, copies of these invoices will be made and data-entered into Excel, to track the progress of lease payments. This data entry will also have a cost, which will be the responsibility of the loan collection partners, and will be paid for by a share of revenue, as mentioned previously.

At the end of the training sessions, product was released to the Operators. Product had been shipped to site in one 4WD trip per region (2 trips in total). In total, 45 1-lamp kits were released to 8 villages in 2 regions. 25 Sun King Pros were released to the 4 West Tanna tribes, via Vallette Nakko as District Manager. 20 Sun King Pros were released to 4 North Tanna tribes, as detailed by household name in Appendix C, which will be managed by Isso Kapum. This has resulted in approximately 2-6 products being used each village, earmarked primarily for those households that put down a deposit during Bruce's visit in September. Given the low number of lamps, no security or frame materials have been purchased for the solar panels, not a battery cabinet for the spare batteries. These may be purchased during installation of Shipment 2, the 145 3-lamp Betta Light kits. These take more space than the 1-lamp kits, so may require 2-4 4WD trips from the port/airport to the "project office" in Lenakel (usually our accommodation), and may require 1-2 4WD trips per region to deliver. Operators were instructed to allow free lighting for Dec '13, and start all payments from 1st Jan 2014.

Finally, a side visit was made at the North Tanna session to the local coffee plantation. Here, a manually operated Denlab coffee pulper was inspected, to determine if there was a viable business case to converting this machine to power it from solar energy (or alternative power sources).
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Figure 17: Manual agro-processing noted in Middlebush region - coffee pulper and kava grinder
Training the Trainers
The District Managers for the North and the West, Isso Kapum and Vallette Nakko, plus two backup trainees should these primary contacts be sick, traveling or not available, were trained at Sunset Lodge, Lenakel, on December 2nd. This training involved product operation, then working through the Handbook so that the Managers could present this material to the Operators when we visited the villages. In addition, the revenue sharing principles of the project was explained,including how much the Managers would be paid to install the projects in the field, and how much they could be expected to receive if they also participated in loan collection.

During the Operator Trainings, the Managers did the bulk of explaining of the project model, translating for Stewart Craine initially, but rapidly working through the Handbook themselves. It is our opinion that the Managers are now ready to train Operators without supervision in any village of their region on Tanna. This capability can be tested during Kim Chen's Shipment 2 installation visit during February 2014, when the 145 3-lamp kits are installed, and Operators will go through a refresher course, and have their initial book-keeping records inspected.

Capacity building of the Importer and other stakeholders
During time spent in Port Vila at the start and end of the field visit, Stewart Craine met with multiple other stakeholders of the project. The following summaries of those meetings are given:

· ACTIV, Importer - Meetings and the start and end of Stewart Craines' Nov/Dec 2013 field trip allowed some hours to be spent explaining the project model, aims and responsibilities to Sandrine Wallez and her staff from ACTIV. In particular, it was made clear that no working capital would be required from ACTIV for the project to buy and sell product, as happens in the cash sale model, nor would their role be to generate sales, but primarily to simply forward the freight to Lenakel and perhaps offer some links to local agents they had used in the past. This model seems in principle quite attractive, and less time-consuming or financially draining as the cash sales model, and hence could possibly work on slimmer margins in the future than those used for cash sales.

· VANWODS, potential Loan Collection Partner -  a meeting was held with VANWODS manager, Julie-Ann Sala, on Friday 6th December after the field visits. VANWODS was engaged with David Steins' VANREPA non-profit NGO (which has now gone bankrupt, but a for-profit company still exists) to import, distribute and finance products from Dlight Design, particularly with support from AusAID's Lighting Vanuatu project. Hence, VANWODS (and VANREPA) has historically been a competitor of ACTIV, who principally imported Barefoot Power products. However, with no follow-on support likely from AusAID for Lighting Vanuatu with the change in Australian government, VANWODS is open to alternative collaborations, and VIA is independent of either of these suppliers, and is indeed bringing (arguably) better value products to the market from new suppliers. VANWODS has one branch office on Tanna Island, based in Lenakel, and a proposal of engaging that office fully or partially to collection loans from the target villages seemed constructive. Specifically, a model where VIA does the lending and VANWODS does the collecting is in-principle workable, unlike for NBV as shown later. 

A draft Board paper was requested by Julie-Ann, and submitted on Dec 16 for initial Board appraisal on the 18th, and again thereafter in Jan/Feb 2014.  This paper can be made available to the Client on request. VANWODS described recent challenges in energy lending due to the short-term life of some products, as hundreds of "Kiran" S20 lamps had been returned by their clients in non-working condition after about 18 months of use. Discussions with a field technician at a nearby NGO (VANGO) indicated many were just loose wiring connections and repairable, but there is no support in place for such repairs to be made.

· National Bank of Vanuatu, potential Loan Collection Partner - a meeting in the Lenakel branch office with the general manager and the microfinance manager, and a telephone discussion was made with their line manager in Port Vila. NBV is happy to assist with telegraphic transfer of funds from field officers directly to VIA's bank account on a regular basis, and in the future, the "rounds" that their field officer undertakes seem to overlap with our target villages, so they could potentially be engaged as a loan collection partner. However, NBV would not wish to engage in new models of fieldwork, but would need the project to fit into their existing microfinance model, where NBV makes and collects the loans. This offers VIA an opportunity to bring built projects to NBV, and to pass the long-term lending risk to NBV. 

However, their terms are that no more than 50% of the project value can be lent for, and this would be at 28% p.a., so there is a limit to how much refinancing could occur. Their microfinance loan amounts are for Vt 25,000 - 1,000,000, which is around US$250 - 10,000. This demonstrates clearly that individual solar systems worth $20-200 are "too small to collect loans for", whereas our village projects of 10-100 households worth $1500-15,000 are an excellent match. NBV is specifically not interested at this point in collecting loans it has not made itself, nor the funds invested by VIA if we invested the balance 50% of funds. Hence, engagement with NBV is minimal in the immediate future, limited to just telegraphic transfers of funds. Other funds transfer methods than T/T may also be investigated, such as Digicel Mobile Money, KlickEx
 , Western Union and others. A useful point was that if a VIA staff stays in Vanuatu for longer than 3 months, a NBV bank personal bank account could be established, without the need for a registered local business. This may help considerably during the next phase of scaling up the project in late 2014.

· TVL, telecom company and potential Loan Collection Partner - a meeting was held with TVL, who recently signed an Memorandum of Understanding (MOU) with VIA to collaborate in increasing energy access for villages in rural Vanuatu, as part of a joint application for funding to the GSM Association. TVL were strongly active in the promotion of Barefoot Power Firefly solar desklamps during the AusAID Lighting Vanuatu project, so the relation between TVL and ACTIV is strong. 

It was apparent that the MOU should focus on very few and very tangible activities, as TVL's bandwidth for engagement is not wide, so two areas of engagement were focused on - 1) mapping the location of approximately 40 TVL agents across Tanna, who are potential future Operators for solar charging stations during scale-up, and 2) participating in the testing of mobile-phone-based payments and/or system monitoring, where solar system performance data such as voltage levels and number of charges given per day can be communicated regularly back to VIA via machine-to-machine (M2M) hardware
 installed in the systems. VIA has already sourced several potential technology suppliers, and TVL can assist in review the specification of these products to see if they are compatible with their GSM network, and then to assist with field testing as well. TVL is installing similar hardware in their remote sites for similar system-monitoring reasons. TVL does not have Mobile Money, unlike Digicel, so is unlikely to be a direct Loan Collection Partner, but may help to scale up the pilot project and to offer technical assistance in system engineering and design, though as the M2M technology develops from system monitoring to also relaying electronic payment data, their role may possible change somewhat.

· Department of Energy, government stakeholder - a phone call and several emails have been made with Mr Jesse Benjamin. DoE have expressed interest in the household mapping data VIA has created for Tanna Island, which we are willing to share with them free of cost to determine if this is of use in their planning processes. VIA is also hosting a Village Energy Access Developers Atlas for the United Nations Foundation, which has over 500 layers of data and 2 million data points, which may also interest DoE. A face-to-face meeting is planned for February 2014 to explore further interest in our energy lending model, and whether this might shape their upcoming rural electrification project currently being designed with World Bank support. VIA's innovative work in making the world's first solar-powered micro agro-processing machines, such as flour mills, oil expellers, and coffee pulpers, have also been shared with DoE, and these technologies along with experience in DC minigrids may hold strong interest for DoE.

· World Bank (consultant), potential financing partner - ACTIV helped to connect VIA with a consultant who is assisting the World Bank to design a 17,000-household project that would deliver approximately 50% subsidies to small-scale solar systems that would be sold for cash in Vanuatu. Unfortunately, energy lending would not receive any support, though our hybrid project design of 3-year lease-purchase agreements with early buy-out option may potentially be acceptable, where buy-outs could be subsidized by 50%, and so would likely happen faster than usual. However, it is VIA's position that such a subsidy design is a very old-fashioned approach that does not represent best practice, and that the products are affordable without a subsidy, but lending risks by long-term investors (bank and non-bank investors) should be the main use of donor funds, via first-loss risk guarantees, project equity and similar.  However, the current view that a cash-sale support program is cheaper and easier to manager may well have considerable merit.

VIA has given this feedback as input to the consultants' report, and communicated directly to the World Bank about the project. A subsidy approach is likely to cause a boom-bust cycle where the industry dies as soon as the subsidy runs out, whereas helping to lower the risk of longer-term energy lending can create a sustainable rural energy industry as participants get better and better at controlling and minimizing default risk. VIA does not expect the project to receive all approvals and funding for 2 years, and in that time will seek to reach at least 5,000 households so that energy lending is well established and hopefully cannot be ignored as a viable model. At this point, only some funding partners have given commitments (~$6 mill), but not yet all. 

· Green Tech, local solar product supplier - one of 10-12 other suppliers of solar equipment was visited to note costs of non-lighting products, including solar refrigeration and other larger systems. Details of products and costs are available for Client review upon request. At this point, prices looks fairly high, and difficult to incorporate into our lending model, at leasing rates affordable to most households.

· RDSM Consulting & AusAID - Mr David Swete Kelly From a New Zealand based consulting firm, RDSM Consulting, is completing a review of the Lighting Vanuatu project for AusAID
. Some parts of this report can already be shared with stakeholders, and will be released shortly. One finding discussed during the phone conversation was that a large number of Firefly lamps sold in 2010-11 now are not functional as the NiCd battery has reached its 18 month life, and no replacement batteries are available through ACTIV. Barefoot Power has also discontinued the production of these NiCd batteries and only uses LiFePO4 batteries, which may not necessarily be compatible with the old NiCd design due to the higher operating voltage of the latter (3.2V vs 3.7V). 
Hence, there may be some after-market opportunity to help thousands of households revitalize existing solar assets through a service of repairs (for dlight products) and spare parts (for Barefoot products). Such a hybrid design of project is already being implemented in Indonesia by VIA, where a power company driven solar program has reached over half the off-grid population (similar to Vanuatu), but more than 10% of lamps were failing in the first year, and after-sales and warranty support was non-existent. In such a model, VIA aims to bring new products via our lending model to those still using kerosene, which provides the vast bulk of revenue, but also, at the same charging stations, to offer after-sales services and spare parts delivery to support historical programs, either via cash sale or even by spare parts leasing. This project design modification will be investigated for Vanuatu as well.

At this point, discussion with the second major telecom company in Vanuatu, Digicel, has not yet occurred, but may occur during the February field visit. It is worth noting that Digicel Haiti recently invested
 $2 million of equity into Haiti's leading microfinance organization, Fonkoze, and both have worked constructively with the main Barefoot Power importer in Haiti, reaching a scale similar to Vanuatu (20,000-30,000 households), if not more. The former importer for Barefoot Power in Papua New Guinea has also undertaken multiple projects for supplying power to schools for Digicel Foundation in PNG, so there is a good chance of useful collaboration being possible with Digicel Vanuatu. Their coverage map is available online
, whereas such information is still required from TVL.

1.18.4 Second Training - Increasing Customers and Technical Support
The second training was undertaken by Kim Chen and took place between March 17th and March 30th, 2014. In total, four trainings took place as described in the table below:

	Training No.
	Village
	Topics Covered
	No. Participants (approx.)

	1
	West Tanna
	Problem Shooting

Basic Bookkeeping

Basic Maintenance
	5

	2
	Middlebush
	Problem Shooting

Basic Bookkeeping
	6

	3
	West Tanna
	Large System Installation
	7

	4
	Middlebush
	Large System Installation

Basic Maintenance
	15
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Figure 18: Installation Training in Middlebush
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Figure 19: Marianne installing inline fuses in the batteries

Additional pictures and sign-up sheets are available on request.

This second training trip had several components / objectives:

1) Project Check-and problem-shooting

2) Basic Bookkeeping Education

3) Large System Installations and Basic Maintenance Training 

4) Increasing Customers and Geographical Range

5) Preparation for Kiva Campaign

Project Check-in and Problem Shooting

This visit was 3 months after the installation of the 45 Sun King Pros in December 2013. This was an excellent opportunity to check in with the Village Operators and our District Managers on how the products, people and payments were progressing. In general, the customers were extremely happy with the products and the projects. Below is an excerpt from Vallete Nako’s project report:

“…I have discovered that with the effectiveness of having a bright and very good light were the village operators and some of the tenants told me that they are very pleased with the lights and they said surely this program is God given, they have been waiting so long to have a better light and finally they have receive their need through this program. 

They are very proud of the program, because it has help sustain their households financial need another words it help cutting down their expenditures on Kerosene, and also now the school children can study easily at night, the women can weave mats and so on…. At night, and with those activities, they have more times in doing something and I must assure you that really the program has made a big changes in our society”

Some payments had also been collected, though not all. This problem was greatly improved/rectified during Kim’s time there and solid repayment levels have been achieved for all but one village. As a group, issues were discussed for how to correct them in the coming months:

· Making sure the right village operators are selected: The performance between villages varied considerably and it was realized quickly that much of it had to do with the Village Operator rather than the individual households. We replaced a few of our Village Operators or recruited partners to help them – as a result, collections and communications have improved. We have found that the best Village Operators are those that are pro-active problem-solvers, have good communication / speaking skills and have influence, respect and integrity within the community.
· Clarifying payments and collections: The biggest hurdle in terms of payment collection  is a cultural one. Customers do not see to be used to the concept of a loan and the idea that it must be paid off – they are used to a traditional cash economy. We talked about the need to communicate effectively with households and educate them on the nature of the loan. We also agreed that it was important to set payment standards and expectations with households firmly, especially in the first few months. 
· Confusion regarding the “free-period”: When Sun King lamps were installed in December 2013, it had been specified that December would be free and payments would start to be collected in January 2014. However, this was misunderstood and misinterpreted and many people thought that they did not have to pay for the systems until February 2014. This message was corrected and clarified.
Basic Bookkeeping Education

The Village Operators and District Managers were given receipt books during the last training, which they have been using to keep track of customer payments. This system has worked well and several hours were spent covering some new topics:

· How to calculate payments if someone would like to buy out the system

· How to calculate payments if someone had a small system and wants to move to a larger system

· How to calculate how many weeks behind someone is

· How to calculate how much an individual owes if they are behind on payments

Also provided to the Operators were print-outs of the payment schedules, with these numbers for both the large and small systems for their reference and to share with customers.

Large System Installations and Basic Maintenance Training 

Two installation training sessions were undertaken – one in Middlebush with over 30 participants and one in West Tanna. The purpose of the trainings was to train a little “army” of people capable of installing the large systems in each village, so that in the future we can send shipments of product to the island without our having to physically be there. 

The training was also designed to teach basic safety and maintenance. 

As a result, in each village, at least two people are now trained on how to complete large system installations. This actually serves another purpose as installations go much faster with 2-3 people for each household rather than one. Topics covered included:

· What’s included in each large lighting system package and how to use the components

· Tools required for performing installations

· Factors to consider when installing a system (e.g., how to place light switches to ensure ease of use, optimal light placement, ensure that the solar panel (when it is returned to the household) is best positioned)

· How to run introductions for new customers / importance of introducing new customers to their systems

· Dos and don’ts of safety (e.g., importance of not splicing wires, keeping things out of water)

After the introductory lecture, 2-3 hours were spent conducting “hands on” training where everyone participated in an actual light installation at a house under VIA supervision. They were in teams of no larger than 4, to ensure that everyone actively learned and participated.

Increasing Customers and Geographical Range

On this trip, some time was spent exploring partnerships and geographies for expansion of the project via various meetings and cash sale of samples of the Sun King Pros. We had several people suggest Malekula as a very good option for a follow-on geography: 

· The CEO of Vanwods, who has operations there, mentioned that both payment collections and infrastructure are vastly easier there
· Sandrine Wallez, our importing partner at ACTIV, also has worked there and has contacts that would be suitable as District Managers
· Jesse Benjamin, who heads the Department of Energy in Port Vila was also very interested in finding funding to start a 50-100 household project there. A proposal has been submitted to DOE for this
· Sun King Pros were sold to George Winslett, an expat, who is in the process of setting up a papaya farm in North Malekula and was interested in running our program with his workforce.
Preparation for Kiva Campaign

A significant effort on this trip was also dedicated to collecting profile information and pictures in preparation for a Kiva campaign. Kiva (www.kiva.org) is an online platform for crowd-sourcing capital at 0% interest for loans of up to 10 years. VIA is planning to run a Kiva campaign in the next 1-3 months, to refinance the angel investors’ funds (which cost 10% p.a. interest) at a lower interest rate, and to spread the risk of default across a much larger number of investors. By raising money through Kiva for the lending period of the project, we will also be able to provide a short-term exit for angel investors that reduces their perceived risk in investing in villages, and with the angels' approval, to re-invest their funds into building more infrastructure projects in Vanuatu.  
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Figure 20: Namasmitane group loan picture from Kiva profile

Additional profiles and photographs for this campaign are available upon request, or viewable online on the VIA summary page on the Kiva website (www.kiva.org/partners/307). 

Payments Collected

The trip was extremely productive and payments and deposits collected exceeded the amount owed to date (there were several deposits). The payments, at the end of the trip, were 100% up to date in the Middlebush villages, and 30-50% up to date in the West Tanna villages. VIA will continue to work to improve the situation for the West Tanna villages. Specific payment details by households are available on request.

Large Systems Installed 

In total, 93 large systems were installed during the trip. As of April 10th, 2014, the remaining 52 large systems are en route via sea to Lenakel on Tanna Island and scheduled to be installed in the next 1-2 weeks. Deposits have already been collected covering the remaining lights.

Once the remaining large systems are installed (expected by end of May 2014, if not earlier), total installations will include:

· 145 Large Systems (currently at 93)

· 45 Small Systems (all installed now)

· 2 Cash sales of Sun King Pros sold to date

This is a total of 192 Systems out of the targeted 200. We expect to make up the remaining 8 lamps using the 23 Sun King Pros we still have in stock as cash sales. All in all, the training trip was very productive and successful.  

1.18.5 Third Training - Default Management
This third training took place May 19-23rd and was conducted by Kim Chen. Two trainings took place as described in the table below. Sign-up sheets for the two trainings are available on request.

	Training No.
	Village
	Topics Covered
	No. Participants (approx.)

	1
	Middlebush
	· Advanced bookkeeping

· Spare parts management

· Kiva profile creation
	6

	2
	West Tanna
	· Advanced bookkeeping

· Spare parts management

· Kiva profile creation
	4
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Figure 21: Putting record and bookkeeping skills into practice during a training session in West Tanna

The third training was initially designed for default management. Since that topic had been covered in the last trip and a field review indicated that defaults are currently being managed correctly, the opportunity was taken to cover other topics. As a result, the objectives of the third training trip were as follows:

1) Project check and troubleshooting

2) Advanced bookkeeping 

3) Spare parts management and other advanced maintenance 

4) Laying the groundwork for a larger Kiva campaign

5) Increasing customers and geographical range

Project Check-in and Problem Shooting
As expected in the last report, 192 lights have been completely installed to date:

· 145 Large Systems 

· 45 Small Systems

· 2 Cash sales of Sun King Pros

Cash sales of the remaining 8 Sun King Pros are underway to reach a total installation of 200 lamps.

Operators have been collecting cash on schedule and depositing them once each month in ACTIV's NBV (National Bank of Vanuatu) project account  – both to minimize fuel costs as well as NBV deposit and transfer fees.

The biggest message from the operators this trip was: “We need more lights!” Every single one had stories about how people are stopping them around the island, asking to be a part of the program. Demand is very strong (and somewhat impatient/in a hurry!). People are particularly interested in the larger systems, and it is expected that demand will trend heavily towards larger systems in our next round of shipments. The operators have stopped collecting deposits, following my suggestion, but are instead now collecting names of additional villages that are interested. We have several such lists totaling over 300 more households.

In addition, there is a lot of interest in other products and more power – especially in terms of “iceboxes”, “TV/video” and “radio”. It was suggested that for higher value items, such as an “icebox”- one could be shared by many people in a community on a group loan.

There was strong demand for advice on technical or programmatic issues. No major issues were identified, but there were a few small issues, both technical and programmatic, which we discussed.

Technical issues are discussed in the “Spare Parts and Advanced Maintenance” section below. In terms of programmatic issues:

· The main complaint in West Tanna, was that operators were often not home, when people wanted to charge their batteries, leading to customer frustration

· The main complaint in Middlebush was that people had to walk long distances, especially within the Namasmitane tribe (our biggest village installation) to recharge their batteries. As a result, they have split the tribe into two regions – Busaine and Middlebush. Originally, our assumption was that people were willing to walk about 2 km to a charging station, but this shows that for Vanuatu Outer Islands, at least, the limit may be closer to 1 km.

Advanced Bookkeeping
Operators have been very diligent in keeping records of the systems within their villages, with 1-2 notable exceptions. There were also a few misunderstandings about what data needed to be reported back to VIA, which was clarified. Clear reporting will be important to future expansion. 

In both regions, two key reporting issues were discussed:

1) Money collected, but inconsistent tracking of who paid it: The amount that is collected is sometimes not matching the amount that is being reported for a few operators. Often, the problem is such that more is being collected, that does not have names attached to the money – especially in the Rakatne and Imanane West tribes in Middlebush. VIA talked about the importance of keeping track of every vatu, so that households could get credit for the loans that they have paid for, also about going back and filling in the holes for the money that we currently do not have “owners” for. With the exception of a few tribes however, most operators have been tracking this well.

2) Reporting back to VIA in a consistent and complete manner:  Another gap was creating reporting in a standard format that ensured we captured all the data we needed to track loans effectively, especially in the Middlebush area. West Tanna operators had taken the initiative and already established their own templates/reporting system. As a result of this feedback, we created and printed several copies of the template, and trained Middlebush operators on how to use this template. It is simple and includes date, household name, type of system, household name and payment amount. VIA will monitor the situation to see if this new template improves the situation in the next few months.

However, overall the situation is good and payments are being collected consistently, with most operators are being diligent in their record-keeping and reporting. There is room for improvement in reporting and record-keeping which we will continue to work on, which will make this process even smoother in the future and allow for us to scale efficiently and prepare for electronic methods of book-keeping to take over the manual methods.

It is also a key learning for us that for future projects, we need to create a standard handbook for record-keeping that has a page for each month and appropriate payment reference tables. We have now provided all these materials separately, but would be more efficient to provide them in a handbook for each new operator.

Spare parts management and other advanced maintenance

Within each region, a discussion was undertaken about current and potential technical defects. It is expected than any major issues will likely occur in the first 3 months. However, it was found that there were no major technical issues to report and the products are functioning well. There were a few suggestions for improvements:

· Extension cords (as iterated from the last trip report) to extend the length of wire that is given in a standard kit, as people generally have separate buildings in a “home” – a kitchen building, a bedroom building, etc. 

· Inline fuses on the large Bettalight systems would sometimes “pop” out, especially as the batteries were being carried back and forth from a charging station – if a more secure screwing system could be put in place.
Time was also spent covering spare parts management. VIA covered creating a “report-card” for defaults, so it is understood what happened to cause a part to break, and instituted a process whereby spare parts are tracked and a faulty part must be returned to the depot before a spare part is issued.

One inadvertent result of the latest shipment was that all the spare parts ended up in Middlebush and West Tanna felt that they did not have ready access to spare parts. VIA reiterated to the Middlebush Region Manager that he must share spare parts with West Tanna. In future shipments, it will be better to ensure that spare parts are distributed appropriately between West Tanna and Middlebush regions.

Laying the groundwork for a larger Kiva campaign

One exciting development is that the first Kiva campaign of $1375 for 7 systems was funded within just 5 hours (http://www.kiva.org/lend/698914). VIA hopes to leverage this powerful strategy to refinance angel investor money at a 0% interest rate, thus freeing up angel funds for further work and allowing angels to have an earlier exit if they choose. VIA's current Kiva limit is at their first "experimental" stage of US$20,000, but VIA expects to graduate to the "Basic" level during August-October 2014 and hence increase our access to debt to $200,000-$400,000. Please refer to http://www.kiva.org/partners/info for detailed information about Kiva's levels of graduating partnership for Field Partners, with a smart tiered due diligence process that few funders provide so clearly. VIA aims to secure for approximately $11,000 worth of 3.5 year Kiva loans via profile data collected during the last two trips, and may secure up to $20,000 with data collected on the last training visit.

In preparation for doing a larger scale of Kiva capital raising during planned scale-up, time this trip was spent training local partners on how to prepare proper Kiva data for each village, including how to fill out client loan and waiver documents correctly, taking correct profile pictures and the importance of explaining the documents in a way that people understood their obligations. This was a very important exercise to go through with each operator, if we are to scale the project appropriately. VIA is also planning to install additional IT hardware so that such data can be sent to VIA without incurring the high expense of a field trip. This will dramatically reduce the current high cost of preparing Kiva data for capital raising, which was grossly underestimated during the design for this project and has cost the team approximately 8 weeks of time. At a cost of $1500/week, this is a cost of $12,000 for $11,000 of loans, whereas the benefit was only 3 years of 10% p.a. Interest saved ($3300), so a 65% reduction in time and cost is required before Kiva refinancing is proven cost-effective. However, VIA believes with increased scale of funding and more participation by local partners will successfully yield this result, and be able to keep the cost per loan below 5-10% of that raised, which is only the equivalent of a 2-3.5% p.a. Interest rate on the 3-year loan, well below the current 10% p.a. that angel capital requires. Cost-effective Kiva data processing,  of 10-30% of the cost of capital, may be achieved during the last training visit if a further $9,000 of profile data can be collected at a cost of $900-2,700, or 3-9 days of VIA staff time.
Increasing Customers and Geographical Range

Due to the shorter nature of this trip, VIA was less able to develop leads for expansion to other islands than in previous trips. However, as mentioned in the first section, demand on Tanna itself exceeds what we would be able to provide with $60,000 more of capital, especially in villages in the North of the island. There has also been continued interest from Malekula especially, but also from Epi, Eramango and Pentecost.  The Department of Energy is discussing with VIA and ACTIV to implement a similar 200-household project with funding it has secured, in an as-yet-unknown location, which will be followed up during the last training visit in late June / early July.

In summary, the trip was successful and extremely valuable in terms of improving processes, building capacity for scale and understanding (and fixing) issues on the ground. VIA is extremely grateful for IRENA’s support in this as these trips have undoubtedly increased the success of the program in Tanna Island.

1.18.6 Fourth Training - Scaling Up
The fourth training was conducted by Mr Greg Denn from Project Support Services (www.psspng.com) during June 30th to July 4th. This resource change was due to the unavailability of by Kim Chen and Stewart Craine, and while less than optimal to have a fourth person involved in project management (Bruce Rowse conducted the first visit), the ability to continue the project despite these events has demonstrated the robustness of the project design, rapid ability to train trainers and thus is likely to be scalable in the future. The depth of resources within the VIA network is also being demonstrated and tested. More complicated information systems (such as those using mobile phone networks) and engineering designs (such as minigrids or hybrid systems) would limit this ability and would hence be less scalable during market entry. Mr Denn has vast experience in rural solar, having sold over 10,000 Barefoot Power lighting kits in Papua New Guinea and is also fluent in Melanesian Tok Pisin as well as an expert in micro-scale agro-processing, so is arguably even more qualified than previous projects managers to execute this training. Direct email and telephone details are available upon request.  
Operator Trainings
Eight trainings were undertaken during a 5 day period on Tanna Island in Vanuatu. These are summarized in the following table. Due to communication problems and conflicting schedules on the last day (Friday), local Operators from the villages in Middlebush were unable to attend a second training about customer feedback, managing new orders and discussing future development plans. The local Area Manager has committed to executing these trainings after VIA field staff have left, and this can be checked by VIA field staff in a planned August visit beyond the scope of this project, and remedied if not delivered.

Table 5: Summary of fourth training period
	Training No.
	Village
	Topics Covered
	No. Participants 

	1
	Lenakel
	· Loan Collections

· Account Keeping

· Program Review
	1

(West Tanna 

Area Manager)

	2-5
	West Tanna

(Individual 

Operator Trainings)
	· System Performance

· Account Keeping

· Project Review
	4

(3 Operators + 

Area Manager)

	6
	West Tanna

(Group Training of

Operators)
	· Customer Feedback

· New Order Management

· Future Development
	4

(3 Operators + 

Area Manager)

	7
	Lenakel
	· Loan Collections

· Account Keeping

· Program Review
	2

(both Area Managers)

	8
	Middlebush

(Group Training of

Operators)
	· System Performance

· Account Keeping

· Program Review
	5

(3 Operators + 

both Area Managers)


Detailed descriptions of each training are given in the following section.

· Training 1:  Based in Lenakel, this training was a half-day training with Nako, the West Tanna Area Manager. The purpose of this training was to review loan collection data, and cash collections and deposits, from the four West Tanna villages in his region. 

· Trainings 2-5: These were 2 hour one-on-one trainings with each Operator of a solar charging station in each of the 4 villages of West Tanna, which is the region that Nako is responsible for. Nako also observed these trainings. The key focus was on record keeping, default management, a technical review of system performance, and an interactive discussion on future plans. In all villages, waiting lists of more customers were being created and getting longer every week. Technical system performance was very good in all cases, with only extremely minor issues being reported. The biggest challenge is ensuring that regular, accurate records are captured from the Operator by the Regional Manager - records maintained by the Operators were largely satisfactory, with the exception of one illiterate Operator.

· Training 6: This was a combined training of 3 operators with Nako - a discussion on how to improve the accounts process and checking final data transfers; a project review (requests for simplified paperwork and more specific forms); discussion of upscaling the project (each have more customers they can reach, roughly 30-50% market penetration has been acheived in each village), as Nako has over 75 people requesting kits in existing villages and new villages; a discussion about how we might add solar agroprocessing (demand was strongest for refrigeration, peanut sheller, peanut grinder, meat grinder, kava grinder and oil expeller); informal discussions were made with some customers, mostly women, and this resulted in very high praise for the lighting kits with very minimal technical performance problems that could be locally solved, and there was further demand for domestic equipment such as a taro grater and coconut scraper, as these daily cooking tasks require 30-60 minutes manual labour for women every day.

· Training 7: This training session was a combined session for the Regional Managers. The primary focus was data and cash collection from Isso who is the Regional Manager of the North Tanna area of Middlebush, but also Nako for the West Tanna region attended. Topics included 

· project progress - reporting very high payment collection rates and willingness to pay by customers, very high social support for the program, 

· upscaling - Middlebush could double the size of program from current existing demand of ~120 households from existing villages with no more “advertising” required, and with very minimal efforts would increase demand further,

· improvements in reporting and communications, including requests for laptop computers. Isso now has email access at Middlebush whereas he did not previously and had to get emails from town. 

· Training 8: On the last day, Nakko + Isso assisted with one-on-one training of one operators from Middlebush area. Similar to Training 6, issues covered included product performance, account keeping and data transfer issues, scale up issues and waiting list management, and potential for agro-processing, refrigeration and improved communications. The feedback was very similar to the West Tanna region. 

In both regions, solar panels had been moved from the central charging station to individual households in both areas for greater convenience. While this was of concern, it has not yet affected payments, and it was reiterated that central power generation is important to manage payment records and to prepare for larger installations of power that will run agro-processing equipment and possibly a minigrid. Isso lacked full records or cash repayments, but promised to deliver cash and records soon after the field visit, and to complete similar one-on-one trainings to deliver similar trainings for 2 more operators that could not attend on Friday. These commitments will be followed up in August during another field visit by Stewart Craine, and in the intermediate time by distance communication.
Stakeholder Trainings
Two stakeholder trainings were held with the ACTIV, the Importer, managed by Ms Sandrine Wallez, on June 29th and a 2-day training during July 8th-9th, after the fieldwork. These trainings covered improved accounting including reconciliation of collected funds against bank records, improved communications, project role discussions and localization of roles, solar agroprocessing machinery technical and financial trainings (part of another project), and microbusiness development. Overall, to date approximately US$6000 has been collected by ACTIV and VIA, which is within 10-20% of the total that should have been collected to date, the shortage due to the lack of cash collected from Middlebush in this last period.

Another stakeholder meeting took place, this time with the Department of Energy, with the Director Mr Jesse Benjamin. Topics covered included an update on project performance, upscaling and replication potential, discussions on possible fundraising assistance and DOE brought up the potential operations management of a 75 kW microhydro project for 300 households on Maewo Island in the north of Vanuatu. For this last topic, the situation is that the power plant has been constructed, but reticulation has not yet been completed, so there is some potential of using the microhydro as a battery charging station, which is not recommended due to the very little demand this could service. Interest was shown in our crowdfunding model from Kiva and any ability to mobilize finance, and after the visit was complete, a request for a letter of support from DOE was quickly met, for a $750,000 proposal to USAID for the Development Innovation Ventures program
. Should this be successful, up to $1 million of investment could be mobilized, which could serve 4000 households and complete the full electrification of Tanna Island, as well as seed projects on other Vanuatu islands (which we estimate would require $7-10 million to expand this model to the whole country).

A third stakeholder meeting was conducted to strengthen supply chain alternatives if scale-up were to occur. PCS Pacific is a trader of solar equipment, and system components were required for the solar agro-processing projects (such as solar panels, batteries and inverters). The managers are Aaron & Belinda Strid (a.strid@pcspacific.com), who were updated on the project model and progress. Interest was shown in being an importing supplier of all goods we need for projects, and while this competes with the existing import services from ACTIV, it demonstrates good commercial interest, and ACTIV may even possibly move their resource focus downstream to facilitate local installations via their extensive farmer network, and to assist with loan collection payments. Useful discussions were conducted concerning legislation which prohibits the sale of electricity without a license, an issue that a battery charging station design should avoid, but may limit the potential for minigrid construction, which is a preferred model particularly if high-power applications like refrigeration and agro-processing are to be added to the basic lighting and phone-charging services.

Finally, and to be reported separately in another project, two local village entrepreneurs near the Port Vila ACTIV office were trained to use solar agro-processing mills - a coconut grater, and a cassava flour grinder. Three workers at ACTIV also received training on assembly of such systems, which are currently running from a 50W solar panel and via a 2000W inverter. A local market of the scraped coconut has been found - the scraped coconut can be bagged and sold at a premium price in the local markets of Vila for time-poor urban housewives who do not want to spend time scraping their own coconuts. Greg Denn has seen this micro business activity in southern Thailand markets, and it appears to have good potential for transferral to the Pacific.  Secondly, a Wondermill grinding machine was also set up on the same panel and inverter system, and will be used for cassava, corn and possibly rice flour, aiming to substitute imported flour (a $5-10 million market) and potentially offer gluten-free products to niche tourist markets. 

Videos were also taken in the field of both lighting system work, and solar agro-processing pilot projects. 

1.19 Other Non-Core Project Results
1.19.1 Carbon Emission Reduction Estimation
The lamps were installed during December 2013 through to May 2015. Sun King Pros offset the emissions from one kerosene lamp, and Betta Light kits offset the emissions from 3 lamps. According to UNFCCC guidelines
, the emission factor from one kerosene lamp is 0.08 tonnes of CO2 per year, or 0.006667 tonnes/lamp/month. The following tables shows that 14.7 tonnes of CO2 emissions have been saved during the project of installing 200 lighting kits. Over the usual UNFCCC 7-year expected life of such projects/products, a total of 274 tonnes of CO2 are expected to be saved.
Table 6: Estimate of CO2 emission reductions during the project (tonnes)
[image: image39.png]Cumulative Installations
SunKing  Betta Lights
Month 1 lamp/kit 3 lamps/kit  CO2 saved

Decld 45 0 030
Janld 45 0 030
Febld 45 0 030
Marld 45 70 170
Aprld 45 100 230
Mayl4 55 145 327
Junld 55 145 327
Julld 55 145 327
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1.19.2 Black Carbon Reduction Estimation
Approximately one tenth of kerosene burned in lamps is converted to black carbon emissions
. Given the emission factor for kerosene is 3kg of CO2 per litre of kerosene burned
, the above CO2 savings can be converted to litres of kerosene, and noting this weights 0.82 kg, one can note that 0.08 kg of black carbon is emitted for every litre of kerosene or every 3 kg of CO2, or 27kg of black carbon for every tonne of CO2 emitted. Thus, for 14.7 tonnes of CO2 emissions to date, we estimate that 397 kg of black carbon emissions have been avoided to date. Given these have 889 times
 the impact of CO2 emissions, this is the equivalent of 353 additional tonnes of CO2 emissions, far more than direct emissions.

CONCLUSIONS 

A review of solar rural electrification projects in the Pacific summarized recent experiences. This project has represented a thorough redesign of the approach to rural electrification, using centralized solar charging stations, which has not been tried before in the Pacific, as a means of minimizing the risk in introducing consumer lending into solar in a purely commercial model without product subsidy. The efficiency of this capacity project also compares well to other solar industry support projects, and offers the opportunity to be far more efficient than Lighting Africa or Lighting Vanuatu should the project scale up.

44 Lighting Africa certified product options were investigated and two were found to be the most cost-effective solution for 1-lamp and 3-lamp solutions, namely the Sun King Pro from Greenlight Planet and a modified 3-lamp system from Betta Lights. These included an extra lantern or battery pack that is charged at the solar charging station while the first is used at home, then these are exchanged every 2-3 days so the depleted battery can have 2-3 days to charge at the station while the spare is used at the home. Over 6 months of use, this system does not appear to have had any technical challenges, though at some villages, the charging station was found to be less than convenient, dismantled and solar panels moved to individual households. While not optimum, the main point had been to ensure payments for service, and given that payments have continued to be paid largely on time, this local ‘re-design’ of the original concept is not of great concern.

Over 200 households now have access to electricity, fulfilling a major deliverable of the project. 55 households are using 1-lamp Sun King Pro products while 145 households are using 3-lamp Betta Light kits. These were installed approximately 10% below budget cost, so despite a 3 month delay in the overall project schedule, approximately a year of interest from investors was saved via cost-engineering the solutions with suppliers, so the delay was cost-effective. Further enhancements to the Betta Lamps kit has been arranged to make one of the static lamps portable, with an internal battery added to one lamp so it can be used outside as a torch, resulting in a unique solar kit that few other suppliers can offer (as most are either portable or static, not both). 

Installations took place across 8 villages in two regions - Norther Tanna (Middlebush) and Western Tanna, with 4 villages in each region. Thus, two Regional Managers were trained, as well as 8 primary charging station Operators and additional backup Operators. Some nearby villages also attended some trainings, increasing the total entrepreneurs trained to 24, well above the project target of 10 entrepreneurs trained. Four trainings periods during the project increased the capacity of local entrepreneurs and regional managers to run the solar charging stations, and these were preceded by a community mobilization visit during which time product samples were demonstrated. Thus, the deliverable for training was met.

Capacity building did not take place only at the local level. Stakeholder trainings also took place, including multiple training for the Importer, meetings with the Department of Energy, donor/aid organizations and investors. The Importers’ main understanding was that, through this new model of project development rather than product sales, their role was now one of freight-forwarding product to site, such that they did not need working capital to buy and sell product, but could earn the same profit as if they had sold the product for this logistical service. This is a lower risk business model, and does require them to find more working capital during scale-up, unlike a cash sale model. The Government has shown strong interest in a centralized power station design, so that productive end uses other than just lighting and phone-charging can soon be introduced.
The IRENA funding did not fund any expense of products nor shipment or transport costs. A major part of the project was to mobilize investment capital from investors for the project, such that at least 2t times the grant funding was mobilized for investment. Two investors were secured - Rotary Melbourne and an individual angel investor, Chris Greacen, who lent $40,000 in total for the project at 10% p.a. Interest for 3 years, at an average budget of $200/household. Rotary Melbourne also have invested a $11,000 subordinate loan to act as a first-loss 25% risk guarantee facility. Lastly, once the project was built, VIA used its partnership with Kiva to refinance $10,000 of the project finance via their 0% interest crowdsourcing platform. Saving 10% p.a. interest per year can significantly improve the profitability of the project. The total investment raised was $61,000, which was 2.29 times the $26,200 grant budget, so successfully meeting the project target. In the event of default by villagers in the future should it occur, it seems more appropriate that hundreds of investors risk losing a quite small investment, rather than 1-2 investors losing thousands of dollars each, and as such, crowdsourcing is an optimal method of financing high risk projects, and also offers an exit within 6-12 months for any investors to fund the construction of projects.

Repayments are made over 3 years by households via a lease-purchase contract, at $1.50-$3.00 pe week for 1-lamp and 3-lamp systems. Demand has been overwhelmingly for the 3-lamp systems, indicating these costs are strongly affordable. With installed costs of $100-200 and gross revenue of $234-468 over 3 years, this represents a 32.8% p.a. flat interest rate. While seemingly high, 10% of revenue stays with the local Operator creating jobs, 20% stays with Loan Collection partners again creating jobs, so only 70% is recovered by VIA and investors, or $160-320, sufficient to cover a 10% p.a interest rate for lenders and for VIA to earn an asset management fee. Using mobile phone technology could reduce this, but mobile phone reception does not exist in some villages, so is not a universal solution, and paper-based methods are used for account keeping to date, which could be improved with an offline electronic method. Repayments to date by villagers has been good, with short-term cashflow issues for some villages but recovered by the next field visit. All repayments to Kiva are on track, and repayments to angel investors will begin after 1 year. Scale-up from 200 to 2000 households will allow permanent VIA staff to be established on Tanna Island to support local managers, or the local microfinance organizations (VANWODS or the National Bank of Vanuatu) could pick up this role.
The lamps were installed during December 2013 through to May 2015. Sun King Pros offset the emissions from one kerosene lamp, and Betta Light kits offset the emissions from 3 lamps. 14.7 tonnes of CO2 emissions have been saved during the project of installing 200 lighting kits. Over the usual UNFCCC 7-year expected life of such projects/products, a total of 274 tonnes of CO2 are expected to be saved. We estimate that 397 kg of black carbon emissions have also been avoided to date. Given these have 889 times the impact of CO2 emissions, this is the equivalent of 353 additional tonnes of CO2 emissions, far more than direct emissions.

Overall, the project shows sufficient promise to be continued and expanded, with the hope that by the end of 2015, all households on Tanna Island no longer need to use kerosene lighting, and $0.5-1 million has been raised to complete this market transformation. At such scale, a full-scale team should be showing profitable operation at the Branch Office level, managing a cluster of around 60 rural power stations and entreprenuers to cover the island. A publishable case study has been prepared and submitted to IRENA as requested, and this lighting project will be followed by a similar capacity building project for solar agro-processing, to further enhance the services being delivered to the villages. Promising technologies spotted during these field visits have included coffee pulping, coconut grating, taro grating and refrigeration. 

APPENDIX A: Lighting Africa Certified Products, Dec 2013
	Photo
	Product Name 
	# of lamps
	Wp of solar
	Phone charger?
	Battery Technology
	Battery mAh
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	Azuri Indigo Duo 
Solar Home System
	2
	2.5 
	Yes
	LiFePO4
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	Barefoot PowaPack 5W 
(Gen. 2.5)
	4
	5.0
	Yes
	Lead-acid
	500
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	Barefoot Power Firefly Mini (Gen. 2.5)
	1
	1.1 
	No
	LiFePO4
	500
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	Barefoot Firefly Mobile Lamp (Gen. 2.5)
	1
	1.5 
	Yes
	LiFePO4
	750
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	Barefoot PowaPack Junior Matrix (Gen. 2.5)
	2
	2.5 
	Yes
	LiFePO4
	3000
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	Bettalights BettaOne
	1
	3.0 
	Yes
	Crystal Lead-acid
	4000
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	Bettalights BettaTwo
	2
	5.6 
	Yes
	Crystal Lead-acid
	4000
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	d.light S2
	1
	0.3 
	No
	LiFePO4
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	d.light S20
	1
	0.3 
	No
	LifePO4
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	d.light S300
	1
	1.5 
	Yes
	LifePO4
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	Deutrex 818 Foce (Africa) / Austa (Asia) Solar Lamp
	1
	2.5 
	No
	NiMh
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	ECCODiva
	1
	2.7 
	Yes
	Li-ion
	1600
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	Fosera Pico Solar Home System 7000
	2
	5.0 
	Yes
	LifePO4
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	Fosera SCANDLE 200
	1
	1.7 
	Yes
	LifePO4
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	Greenlight Planet 
Sun King Eco
	1
	0.7 
	No
	LifePO4
	300
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	Greenlight Planet 
Sun King Pro
	1
	3.0 
	Yes
	LifePO4
	1450
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	Greenlight Planet 
Sun King Solo
	1
	0.8
	No
	LifePO4
	780
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	Global Telelinks Arundhati Home Light
	1
	4.7
	??
	Li-ion
	2000
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	Global Telelinks Solar Ceiling Lantern 3W
	1
	5.2
	??
	Li-ion
	3200
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	Global Telelinks Solar Home Lighting System
	2
	9.7
	Yes
	Lead-acid
	5200
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	INDIA IMPEX (SUNLITE) JS30-MOB
	1
	
	Yes
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	Little Sun
	1
	
	??
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	Marathoner Beacon MB2-090 (Africa) / SooLED B1 (Asia)
	1
	1.3
	No
	LifePO4
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	Marathoner Beacon MB2-380 (Africa) / SooLED B3 (Asia)
	3
	5.0 
	Yes
	LifePO4
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	Micromark Compact LED Solar Light
	1
	
	??
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	Minda LED Lantern 2W
	1
	3
	No
	lead-acid
	4700
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	Niwa Multi 300 (Standard)
	1
	1.5
	Yes
	LifePO4
	1400 or 2000 or 5000
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	Nokero Solar Light Bulb
	1
	0.3
	No
	NiMh
	1000
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	Nuru Light + PV
	1
	Unknown
	No
	NiMh
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	Off-Grid Solutions WakaWaka Light
	1
	
	??
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	One Degree Solar BrightBox 2
	2
	5
	Yes
	Lead-acid
	7700
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	Orb Solectric 15
	2
	6.7
	Yes
	LifePO4
	3000
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	Pharos Great White Light
	1
	1.5
	Yes
	Li-ion
	1000
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	Schneider Electric In-Diya 2: LED Solar Home Lighting System (2.5W)
	1
	11
	Yes
	Lead-acid
	5000
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	Schneider LED Solar Home Lighting System Mains
	1
	11
	Yes
	Lead-acid
	5000
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	Schneider Electric LED Home Lighting System 2.5W
	1
	None
	No
	Lead-acid
	5000
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	Schneider Electric LED Home Lighting System 5W
	1
	11
	??
	Lead-acid
	5000
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	Shanghai Roy Solar Lighting Kit
	1
	1.3
	Yes
	NiMh
	800
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	SolarWorks! Solar Kit 1.3
	1
	1.1
	Yes
	Lead-acid
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	SolarWorks! Solar Rooflight
	1
	
	??
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	Solux LED-105
	1
	2.7
	Yes
	NiMh
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	Sunlite Solar Light G3
	1
	2.7
	Yes
	Li-ion
	3000
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	Trony Solar Sundial TSL 01
	1
	1.9
	Yes
	LifePO4
	1400
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	Trony Solar Sundial TSL 02
	2
	3.6
	Yes
	LifePO4
	1400 + 550


APPENDIX E: Full list of planned charging stations for tanna
The table below shows the estimated number of customers and wattage required to deliver lighting to all households across 60 planned charging station on Tanna Island. Those stations covering the Lenakel area need their total households reduced, as the town has grid electricity and a monopoly zone exists.

[image: image84.emf]60 22073 4998 26300

StationID Station_Long Station_Lat #   of   buildings #   of   households Wp Notes

33 169.2505782 - 19.38721682 37 8   50

1 169.2812535 - 19.32949406 54 12   100

60 169.3410317 - 19.36533563 53 12   100

58 169.3457655 - 19.39757355 74 17   100

54 169.2242862 - 19.44050887 103 23   150

7 169.2645198 - 19.33949899 131 30   150

37 169.2497989 - 19.36494706 124 28   150

39 169.232197 - 19.46449406 120 27   150

41 169.4778575 - 19.55063754 114 26   150

11 169.3961916 - 19.51570814 155 35   200

19 169.3417297 - 19.34182572 140 32   200

2 169.417838 - 19.63500925 159 36   200

17 169.3384535 - 19.44331088 160 36   200

28 169.457441 - 19.56465849 173 39   200

40 169.2842844 - 19.4246753 173 39   200

45 169.3986514 - 19.64607842 156 35   200

53 169.314879 - 19.42126361 174 39   200

18 169.4621147 - 19.58409105 183 41   250

24 169.2797099 - 19.45065948 187 42   250

26 169.4584249 - 19.63328738 179 41   250

36 169.4466178 - 19.64558646 179 41   250

47 169.427826 - 19.5647569 190 43   250

6 169.3259079 - 19.3753505 207 47   250

12 169.4116884 - 19.53169695 216 49   250

22 169.4232496 - 19.5471938 209 47   250

59 169.3095747 - 19.39997869 200 45   250

4 169.3378939 - 19.4975055 237 54   300

15 169.4451419 - 19.55260539 225 51   300

30 169.3204726 - 19.58102456 233 53   300

52 169.2618424 - 19.47766284 242 55   300

43 169.3468907 - 19.60367781 262 59   300

31 169.4988016 - 19.53204489 283 64   350

10 169.3671224 - 19.6276298 312 71   400

9 169.3370762 - 19.46030594 342 77   400

35 169.3341319 - 19.47831107 333 75   400

48 169.4616227 - 19.61041108 341 77   400

50 169.3294324 - 19.56474644 344 78   400

44 169.3049987 - 19.56607831 356 81   450

20 169.307888 - 19.49158919 378 86   450

38 169.3605692 - 19.46565406 384 87   450

51 169.3476707 - 19.53480677 381 86   450

21 169.3305412 - 19.52398995 426 96   500

32 169.2848269 - 19.49650501 442 100   500

34 169.3005653 - 19.35067723 456 103   550

13 169.2423218 - 19.49288792 467 106   550 Oversized,   near   Lenakel

49 169.2991881 - 19.37814258 472 107   550

55 169.3855583 - 19.47665951 482 109   550

5 169.3592943 - 19.49061801 493 112   600

3 169.3519149 - 19.57669503 562 127   650

8 169.4011074 - 19.49373038 575 130   650

16 169.3074332 - 19.44269127 615 139   700

56 169.3516039 - 19.56060808 613 139   700

46 169.3257542 - 19.54297897 684 155   800

29 169.3106957 - 19.507968 837 190   950

23 169.2974108 - 19.46347569 852 193   1000

14 169.3027287 - 19.52601643 862 195   1000

25 169.4249982 - 19.48966722 947 215   1100

57 169.4497302 - 19.50775771 998 226   1150

42 169.2604097 - 19.49947335 1266 287   1450 Oversized,   near   Lenakel

27 169.2843885 - 19.51522255 1521 345   1750 Oversized,   near   Lenakel


The following map shows the charging station ID number, and the number of counted buildings around each charging station, which is similar to the population given that the total is around 22,000. The number of households is assumed to be close to 5000, with 4.5 people per household as an average. The West Tanna sites are near charging stations 32 and 42, which will likely have around 100-150 households at each site, requiring 500-750W of installed solar. The North Tanna sites are near charging station sites 53 and 40, and have 100-200 household per site requiring 500-1000W of installed capacity. The median solar power generation required is 300W, while the average is 400W
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� � HYPERLINK "http://devpolicy.org/end-of-the-aid-boom-the-impact-of-austerity-on-aid-budgets-and-implications-for-australia20120504/" �http://devpolicy.org/end-of-the-aid-boom-the-impact-of-austerity-on-aid-budgets-and-implications-for-australia20120504/� 


� � HYPERLINK "http://www.thegiin.org/cgi-bin/iowa/resources/research/489.html" �http://www.thegiin.org/cgi-bin/iowa/resources/research/489.html� 


� � HYPERLINK "http://marscommons.marsdd.com/startup-library/impact-investing/" �http://marscommons.marsdd.com/startup-library/impact-investing/� 


� � HYPERLINK "http://www.nptrust.org/philanthropic-resources/charitable-giving-statistics" �http://www.nptrust.org/philanthropic-resources/charitable-giving-statistics� 


� � HYPERLINK "http://www.philanthropyjournal.org/news/top-stories/global-giving-grows" �http://www.philanthropyjournal.org/news/top-stories/global-giving-grows� 


� http://en.wikipedia.org/wiki/Remittance


� � HYPERLINK "https://blogs.worldbank.org/peoplemove/remittance-data-update-for-2011" �https://blogs.worldbank.org/peoplemove/remittance-data-update-for-2011� 


� � HYPERLINK "http://www5.iadb.org/mif/en-us/home/projects/projecthighlights/remittancessolarenergy.aspx" �http://www5.iadb.org/mif/en-us/home/projects/projecthighlights/remittancessolarenergy.aspx� 


� See � HYPERLINK "http://www.kiva.org/apply" �http://www.kiva.org/apply� for more details of Kiva’s 3-stage investment process


* though Kiva does appreciate guarantees for default upstream loan collection partners, such as field officers, MFIs and VIA


� � HYPERLINK "http://geeref.com/posts/display/26" �http://geeref.com/posts/display/26� 


� � HYPERLINK "http://www.changemakers.com/SME-Finance/entries/barefoot-angels-fund-and-micro-supplier-credit" �http://www.changemakers.com/SME-Finance/entries/barefoot-angels-fund-and-micro-supplier-credit� 


� VIA refinancing on Kiva is viewable on � HYPERLINK "http://www.kiva.org/partners/307" �http://www.kiva.org/partners/307�, and as of July 2014, US$9250 has been raised 


� � HYPERLINK "http://www.cqc.com.cn" �http://www.cqc.com.cn� 


� IEA, Pico Solar PV Systems for Remote Homes, January 2013, �� HYPERLINK "http://www.iea-pvps.org/index.php?id=95&eID=dam_frontend_push&docID=1433" �http://www.iea-pvps.org/index.php?id=95&eID=dam_frontend_push&docID=1433� 


� � HYPERLINK "http://www.seafreightcalculator.com" �http://www.seafreightcalculator.com� 


� � HYPERLINK "http://data.worldbank.org/indicator/IC.IMP.COST.CD" �http://data.worldbank.org/indicator/IC.IMP.COST.CD� 


� � HYPERLINK "http://www.klickexpacific.com/about/aboutus.aspx" �http://www.klickexpacific.com/about/aboutus.aspx� 


� http://whatis.techtarget.com/definition/machine-to-machine-M2M


� � HYPERLINK "http://rdsm.com.au/news.html" �http://rdsm.com.au/news.html� 


� � HYPERLINK "http://www.haitilibre.com/en/news-9848-haiti-economy-digicel-invested-$2m-in-sevis-finansye-fonkoze-sa.html" �http://www.haitilibre.com/en/news-9848-haiti-economy-digicel-invested-$2m-in-sevis-finansye-fonkoze-sa.html� 


� � HYPERLINK "http://www.digicelvanuatu.com/en/coverage_roaming/coverage_map" �http://www.digicelvanuatu.com/en/coverage_roaming/coverage_map� 


� � HYPERLINK "http://www.usaid.gov/div" �www.usaid.gov/div� 


� � HYPERLINK "http://cdm.unfccc.int/Panels/ssc_wg/meetings/034/ssc_034_an03.pdf" �http://cdm.unfccc.int/Panels/ssc_wg/meetings/034/ssc_034_an03.pdf� 


� � HYPERLINK "http://www.brookings.edu/~/media/research/files/papers/2013/04/climate%20change%20clean%20energy%20development%20hultman/04_climate_change_clean_energy_development_hultman.pdf" �http://www.brookings.edu/~/media/research/files/papers/2013/04/climate%20change%20clean%20energy%20�development%20hultman/04_climate_change_clean_energy_development_hultman.pdf� 


� � HYPERLINK "https://www.theice.com/publicdocs/ccx/CCX_GHG_Factors.pdf" �https://www.theice.com/publicdocs/ccx/CCX_GHG_Factors.pdf� 


� � HYPERLINK "http://www.ecologic.eu/sites/files/publication/2014/black-carbon-and-kerosene-lamps-brief_0.pdf" �http://www.ecologic.eu/sites/files/publication/2014/black-carbon-and-kerosene-lamps-brief_0.pdf� 





�Can we have these copies? 
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