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[bookmark: _Toc523405074]Scope of the Assignment
Currently, approximately 60% of Lesotho households do not have access to the electricity grid. The Government of Lesotho is committed to raise the access rate from currently 40% to 50% by 2020. According to the National Electrification Master Plan (2007), access to power shall be improved through grid extensions, distributed stand-alone systems, as well as isolated mini-grids not connected to the central grid. Low population density as well as the mountainous topography makes extension of the national grid to many areas prohibitively expensive and financially unviable. Thus mini-grids has been highly prioritized in the Scaling-Up Renewable Energy Program: Investment Plan for Lesotho (2018). To that end, mini-grid systems can offer a collective solution at relatively lower cost to facilitate basic needs as well as productive use of electricity thereby promoting local economic development. Lesotho’s energy encourages the increased use of renewable energy in the total national energy mix. The success of the National Vision 2020, the National Strategic Development Plan 2012/13 –2016/17 (currently under review) and other national development strategies and priorities rely also on the success of the energy sector. Lesotho’s 2015 Energy Policy Statement 1 Strategy (k) states that Government will “develop standards, codes of practice and specifications for mini and off-grid solutions. Furthermore, Policy Statement 5 Strategy (c) states that Government will “develop power purchase agreement (PPA) framework that will allow the private sector to participate as Independent Power Producers (IPPs) in mini or micro hydro, wind, solar and biomass power generation”.
Over a period of five years from 2016 till 2021 the UNDP Country Office together with the Government of Lesotho will implement the project “Development of Cornerstone Public Policies and Institutional Capacities to accelerate Sustainable Energy for All (SE4All) Progress” financed by GEF and UNDP. At the Ministry of Energy and Meteorology (MEM), the Department of Energy (DOE) is in charge of the project while the UNDP country office works closely with the Ministry to identify specialist support needs and contract the relevant experts. The objective of the project is to catalyse investments in renewable energy-based mini-grids (MG) and Energy Centres (EC) to reduce greenhouse gas (GHG) emissions and contribute to the achievement of Lesotho’s Vision 2020 and SE4All goals. The project is expected to implement ten mini-grids and ten Energy Centres providing modern energy services to 1,000 rural households in the five districts: Mohale’s Hoek, Mokhotlong, Thaba-Tseka, Qacha’s Nek and Quthing. The goal is to attract private parties to invest into mini-grids / energy centres and operate them. In an ideal case, the private parties would closely work together with village community organisations.
Prior to the start of this assignment, twenty villages were identified distributed equally in number over the five districts. Further, it was already decided before which of these villages are candidates for mini-grids and which for energy centres. 
The project focuses on renewable energy technologies (PV and/or biomass, hydro and wind, where available) for electricity generation. Fossil based power generation is not covered to allow for a maximum greenhouse gas mitigation effect. Power shall be supplied to households and small and medium sized enterprises with income-generating activities, like food processing, ice-making, cold drink vending, powering of hairdressing salons, mobile phone charging, internet cafes, etc. 
The scope of the assignment is to undertake pre-feasibility studies for mini-grids and energy centres in 20 village communities spanning five of Lesotho’s ten districts (21 with Mpharane in Mohale’s Hoek which was during chosen additionally to be investigated). The objective of the consultancy is to conduct a preliminary assessment, under which conditions mini-grids and energy centres makes economic sense. The pre-feasibility studies consider following aspects:
(1) Natural aspects: Topography, potential of all kinds of renewable energy resources with distribution over the year;
(2) Demographics for determining the prospective energy demand: scale, age and spatial distribution of population, future development of population;
(3) Economic factors: household income, expenses for energy, current efforts for covering energy demands, willingness to pay for energy services, existing local economic activities, consumption patterns;
(4) Infrastructure: existence of so called anchor customers i.e. schools, clinics, public authorities, shops, workshops, manufacturing facilities, roads;
(5)  Costs: capital and operational costs of renewable energy technologies; capital operational costs of electricity lines, capital and operational costs of energy centres.
The study is understood to raise interest with private investors into electrifying those remote areas that are off the power utility grids and are unlikely to be connected to utility grid for many years, if ever. The study does not include detailed designs but describe possible renewable energy technologies, design concepts and specifications that are considerations appropriate, an overall technical approach, broad financial needs for capital costs, mechanisms for high-quality installations, mechanisms for sustainability (training, operations and maintenance, component replacement, user fees where appropriate, ownership, etc.) as well as the role of the Government and recommended legislative, regulatory and institutional changes needed for success.
[bookmark: _Toc523405075]Mini-grids and Energy centers
A mini-grid is an isolated, community-level system separate from the main electricity grid network that consists of generation and distribution of electricity to consumers located in the vicinity. Installed capacity typically varies between 2 kW and 2 MW, however in the cases covered here are below 100 kW. Mini-grids can be built using single or multiple generation sources, with grids with more than one source known as hybrid systems. Hybrid systems can incorporate diesel generation and one or more renewable sources. For grids without diesel generators, a battery storage system is typically included to balance supply and demand and intermittent generation patterns from renewable energy sources. In addition to the power generator, battery, and distribution network, a mini-grid may include a power conditioning unit consisting of junction boxes, charge controllers, inverters, distribution boxes and wiring/cabling, all located within a container or purposely constructed building. 
Where circumstances allow for neither establishing a connection to the central grid nor a mini-grid, establishing energy centres can help to enhance the access to modern energy services in rural areas. Energy centres may feature power charging facilities. In this project, only renewable energy driven power chargers are covered. Customers living in the vicinity of the energy centre may charge their mobile phones, lanterns, radios and other battery driven devices. Also other forms of modern energy and their applications are supplied like e.g. PV-operated portable LED lights, solar mobile phone chargers, gas cylinders, paraffin, energy efficient cook stoves, candles, etc. Energy centres help to disseminate modern lighting, cooking and heating devices to rural areas which did not have a possibility to get acquainted with it. These energy centres or energy trading posts will present an interim solution to “non-grid” villages while they await the establishing of (mini-)grids in the future. They can help consumers to save cost of transportation and time facilitating their access to such non-electrical energy sources as kerosene, LPG, candles, portable LED lights etc. 
Table 1 compares selected features of mini-grids vs. energy centres.
[bookmark: _Ref523211930][bookmark: _Toc523405052]Table 1: Overview selected features of energisation solutions
	Characteristic
	Mini-grid
	Energy centre

	Services
	All electricity uses possible, practically feasible are lighting, telecommunication, electric media, cooling of goods, printing, operation of computers, and diverse forms of commercial activities like grinding, welding, hair crabbing
	Battery charging (mobile phones, lanterns, radios, other battery driven devices), dissemination of efficient RE-based energy sources (PV-operated portable LED lights, solar mobile phone chargers, etc.); installation and maintenance; capacity building like training of local technicians; demonstration, Solar PV modules, batteries, regulators, inventers, internet services, efficient cook-stoves, Mobile money transfers, LPGs, Convenient store service

	Service territory
	One settlement with well-defined borders
	Up to several settlements in a walking distance to each other

	Customers
	Households, public, commercial
	Mainly households and small-medium commercials

	Capacity
	Typically 2 kW-2 MW
	Up to 10 kW

	Main elements
	Electric energy generation sub-system with one or more generation units (PV, hydro, wind, etc.); distribution network; power conditioning unit; user’s electrical installations, incl. interface equipment between installations and mini-grid and metering (IRENA 2015)
	Shop or trading post with the selection of efficient renewable energy products and services

	Socioeconomic outcomes
	Provision of secure power supply to local enterprises, income generation for businesses, improved local service, education and healthcare
	Enhancing the access to modern energy services for rural households, saving transportation cost and time, distribution of efficient and affordable energy products and services



Mini-grids supply typically a few hundred customers including private households, public institutions and small and medium sized enterprises. These customers usually feature rather small budgets for energy purchase thus specific power consumption levels are rather low compared to consumption patterns in urban, more affluent areas making economic supply of such rural areas a challenge independent from whether connected to the central grid or not. 
Compared to a connection to the central grids, energy services supplied through a mini-grid may be limited as the capacity of the generation facility is limited. For the case of rural Lesotho, electric cooking as well as electric space heating, is out of reach within the mini-grids designed in this project even though these two applications are a dominating and widespread use of energy in rural Lesotho. However, mini-grids do allow for access to modern energy services as lighting, telecommunication, electric media, cooling of goods, printing, operation of computers, and diverse forms of commercial activities like grinding, welding, hair crabbing. Some of these services like electric lighting and charging mobile phones are already supplied either through own solar lanterns and solar driven chargers or through charging these devices at more or less distant places with power generation facilities or connection to a central grid. In this case a mini-grid would ease access to such services with the benefit to allow for wider use of these services at lower costs.
Studies have highlighted that clean energy mini-grids are a ‘high-impact opportunity’ for sustainable development (SE4All 2016). They can be a viable and cost-effective route to electrification where communities are far from the national grid or where population is not dense enough to justify a grid connection before other communities. Mini-grids can provide more comprehensive energy services compared to smaller, household or personal off-grid solutions. In many instances, mini-grid systems offer services comparable with those provided by a national power grid. Therefore, mini-grids can help local enterprises reliant on a secure, productive power supply to become established. They can also generate income for businesses which are in demand in the community while allowing for greatly improved local services such as education and healthcare.
Renewable energy driven mini-grids have a proven track record of delivering cost-competitive electricity services in rural areas (IRENA 2016). Along with traditional deployment models led by public utilities, communities and NGOs, private sector approaches are currently gaining momentum. Extending from local entrepreneurs to international companies, interest from the private sector in the development, financing and operation of mini-grids is growing. The objective of the Government is thus to connect rural consumers to isolated mini-grids so that they need not to purchase own electricity generating systems and will pay for services they receive on a regular basis. These mini-grids can provide energy access at a fraction of the cost of grid extension and “can unlock affordable initial interventions -- like lighting, mobile phone charging, fans, and TVs plus a small amount of agro-processing -- to help people get onto the energy ladder today rather than forcing them to wait decades for a grid extension that may never come” (Sierra Club 2014).
Since mini-grids are often not able to supply power in the same scale and quality as central grids they might be regarded as an inferior solution. However, they often represent the only solution to supply power in a larger scale to remote rural villages because supply through central grid would be not economically viable. So, it is often not the choice between ‘grid’ and ‘mini-grid’, but only between ‘mini-grid’ and ‘no power supply’. In Lesotho, research suggests that mini-grids are the most economically viable solution in areas with a population which has a density above 100 inhabitants per square kilometre and is situated more than 10 kilometres from the medium-voltage grid line (Taele, et. 2012). Lesotho is therefore considered a very suitable country for a dedicated mini-grid programme. Mini-grids are however resource-dependent and require detailed feasibility studies to make a final thought out decision regarding the most suitable technology. 
Clean energy mini-grids can be powered by a variety of renewable energy sources (solar, hydro or wind). In many cases, a fossil driven gensets supplement the renewable energy sources serving basically as a back-up for times when the natural resource is scarce. Thereby, the fossil share on total generation amounts usually only to 10 to 20% of total generation, representing still a rather environmentally sound power supply. With such fossil back-up, availability is enhanced and costs against a 100% renewable energy-based system with a battery is reduced, even though the fossil share on actual power generation would be quite minor. Further, the fossil back-up can also accommodate future growth of demand without the immediate need to invest in further renewable energy capacity which allows for optimal sizing of additional capacity. As a disadvantage fuel supply to remote areas might be laborious, costly and hardly feasible. Further, the complexity of the power supply system increases with a fossil-based back-up.
In this project, the focus of energy centres will be to disseminate electricity for charging, renewable energy-based products, and services. The Multipurpose Clean Energy Centre in Lekokoaneng may serve as an example. It was set up in 2015 by the Government with the support of UNECA and can be described as a one-stop energy shop built in a growth centre with the partnership of community of Lekokoaneng, private sector, civil society, the Government, and development partner. Services provided by the Energy Centre include supply for all efficient appliances for cooking, heating, and lighting, as well as introduction of market-ready renewable energy technologies, capacity building, and demonstration. RE technologies offered cover efficient biomass stoves, and PV (SHS). Services and products include (KESI 2016):
· Battery charging – Battery packs can be recharged allowing community members to bring in batteries for recharging. 
· Energy efficient products – solar home systems, energy efficient devices, LED light, cookers, radios, TVs etc. This allows households with a larger pool of disposable income to purchase solar products for home use.
· Internet – one of the primary revenue generators is selling internet access. The EC can function as an ISP and sells internet WIFI vouchers. An internet router can be installed at each EC creating local hotspots. 
· Airtime – selling airtime for phone will be critical for generating foot traffic to the EC. 
· Printing – The EC can also offer printing services. This will be a very popular service for schools, students and local community as it will help with university applications, test printing, job applications etc. 
· Drinks and snacks – By having access to fridge space the EC can also offer the basic products for local communities. 
Energy centres might be also operated at school sites with additional benefits to teachers and pupils. They will offer the local community and students a secure place where they can recharge their e-leaning devices and phones. 
[bookmark: _Toc523405076]Risks and mitigation actions
Mini-grids as well as energy centres are exposed to risks that can be summarized as political/legal, economic/financial, technical, environmental or social. These risks could be experienced in any phase of a mini-grid project including early stage development, construction and during the operation phase of the mini-grid project. In the Table 2 below we outline these risks along with possible mitigation actions.
For operators of mini-grids as well as energy centres, an effective means for managing risks is to operate an entire port-folio of grids and centres instead only a single one. Further this would allow for economies of scale with overhead, equipment supply and design, spare part supply, maintenance, etc. 
In discussions with private sector investors during the process of selecting the villages, they expressed concern regarding the risk of an uncompensated ‘takeover’ by an expanding grid. Thus, there will be a need for regulations and procedures clarifying what will happen to the mini-grid when the national grid arrives, so that the timing and location thereof can be adequately incorporated into mini-grid technical and financial design. The best approach will be to manage these risks upfront, with a regulatory framework that protects investors, guarantees fair compensation, and - ideally - offers transparent information about grid extension plans (created through a rural electrification plan). Under a positive policy environment, grid connection can instead provide the opportunity for isolated mini-grid operators to retain their business and earn income by selling the electricity produced to the grid.
[bookmark: _Ref521309705][bookmark: _Toc523405053]Table 2: Risks and mitigation actions
	Risk
	Examples of risks
	Mitigation actions

	
Political/ Legal
	· Changes in policy and legal frameworks affecting mini- grids
· Bottlenecks in approval of required licenses
	· Create forum where the regulator listens to developers where policy changes are being sorted
· Familiarize with the requirements for license approvals

	Economic/ Financial
	· Ability to pay of connected customers lower than that anticipated during studies
· National grid extension that offers competitive tariffs to the mini-grid
· Cost-reflective tariffs: Electricity from mini-grids is generally more expensive than grid power, which leads to the question of who should pay for this more expensive electricity.
· Incorrect demand assessment leading to under/over designing of a system
	· Developer could increase ability to pay by promoting productive use of electricity e.g. promotion of home businesses
· Negotiate with regulator and national off-taker in the event of national grid extension for way forward e.g. approval to distribute national grid electricity 
· Conducting detailed feasibility studies


	Technical/ Operational
	· Construction completion risks. Delays in project completion causing increased overhead costs
· Lack of skilled personnel in those remote areas
· Lack of spare part supply
	· Employing contractors with a proven track record of handing over projects completed in the agreed time frame
· Capacity building to locals in the community with technical and managerial skills
· Build-up of supply chain

	Environ-mental
	· Unpredictable weather occurrences e.g. regular cloud coverage, mini-grids being unaccessible due to roads cut-off due to floods, reduced rainfall that can affect water flows, land and watershed degradation due to erosion and population pressures
	· Carrying out of environmental impact assessment for the project

	Social
	· Lack of acceptance of the mini-grid project by the community
· Theft and vandalism
	· Building trust with the community and engaging with them throughout the project
· Creating a sense of ownership within the community



[bookmark: _Toc523405077]Electrification Status and Plans 
Lesotho’s institutions most relevant to rural electrification and the development of mini-grids are described in the following. More or less they are also relevant for establishing energy centres however the establishment of energy centres has fewer formal requirements than the establishment of mini-grids. 
The Ministry of Energy and Meteorology (MEM) is responsible for formulation and articulation of energy policies to create an enabling environment for efficient operation and growth of the sector. In the field of mini-grids, the ministry is responsible for the definition of a clear strategy for development to guide the bodies in charge of implementing rural electrification projects and the regulator.
The Department of Energy (DoE), part of MEM, is responsible for coordinating, monitoring, and evaluating programmes and activities in the energy sector. The DoE has three divisions: conventional energy, renewable energy, and planning. Each division is responsible for collecting data on sector activities and supporting coordination among stakeholders relevant to their focus area. 
The state-owned Lesotho Electricity Company (LEC) is Lesotho’s monopoly electricity transmission, distribution, and bulk electricity Supply Company. LEC imports electricity from South Africa’s state-owned electricity company, ESKOM, and can import and export electricity via the Southern African Power Pool. While LEC does own, and currently operate two small hydropower plants (a 2 MW plant near Mantšonyane, with an estimated energy production of 6.60 GWh/year connected to the national grid, and a 180 kW hydro / 120 kVA diesel isolated grids mini-grid in Semonkong) attached to its distribution network, the only significant domestic generation comes from the Muela Hydropower Plant (MHP) operated by the Lesotho Highlands Development Authority (LHDA). The LHDA is responsible for the implementation, operation, and maintenance of Lesotho’s portion of the Lesotho Highlands Water Project (LHWP), a water (jointly with South Africa) and hydropower generation (Lesotho only) project.
Lesotho Electricity and Water Authority (LEWA) is the economic regulator for the energy sector, created in the year 2002. Its mandate was expanded in 2011 to regulate the water sector. LEWA is responsible for issuing licenses for energy supply activities; setting tariffs for generation (including feed-in tariffs), transmission, distribution, and supply; regulating the quality of supply; and resolving disputes. LEWA also monitors the single buyer of renewable electricity (LEC) and manages the Universal Access Fund (UAF). Additionally, LEWA is responsible for some elements of electricity sector policy development such as promoting electricity access and ensuring security of electricity supply in Lesotho. The functions of the LEWA which are relevant to this study are the technical and economic regulation of generation, transmission, distribution, supply and use of electrical energy. This includes the licensing of power undertaking companies and the negotiation of tariffs.
Rural electrification efforts involve a mix of sector institutions. LEC is responsible for rural electrification projects within its service territory (within 3.5 km from the existing distribution network). The Rural Electrification Unit (REU), established in 2004 explicitly to “promote and facilitate improved access to modern energy services in rural areas”, is a project implementation unit under the DoE. It coordinates and manages the implementation of off-grid and rural electrification projects outside the LEC service territory. REU projects are funded through a Universal Access Fund that is currently managed by LEWA. REU also has the responsibility for implementing off-grid rural electrification through solar some systems, like in the case of the UNDP-GEF project entitled “Lesotho Renewable Energy Based Rural Electrification” (LREBRE). Figure 1 shows the responsibilities and relationships between the most important institutions in Lesotho’s energy sector, as of the Government’s recent organizational restructuring. 
[image: ]
[bookmark: _Ref523213386][bookmark: _Toc523404635]Figure 1: Power sector institutions in Lesotho
[bookmark: _Toc523405078]Permits and Licenses
Activities of generation, distribution and retail of electricity require a permit or licence from LEWA, however, it is important to highlight that to date there are no licensing and permitting procedures specific to mini-grid development and that there is no precedent in Lesotho of licenced private mini-grids. Section 3(1) Lesotho Electricity Authority (Application 1083 for Licences) Rules, 2012 provides that “a person who wishes to conduct a business of generating, transmitting, distributing, supplying or importing and exporting electricity shall make an application for a licence to the Authority. Section 5(1) states that “the authority may exempt person who generates electricity which does not exceed two megawatts from being licensed. Lesotho’s 2015 Energy Policy Statement 1 Strategy (k) states that Government will “develop standards, codes of practice and specifications for mini and off-grid solutions. Furthermore, Policy Statement 5 Strategy (c) states that Government will “develop power purchase agreement (PPA) framework that will allow the private sector to participate as Independent Power Producers (IPPs) in mini or micro hydro, wind, solar and biomass power generation”. 
The existing licensing procedures for RE generation are related to the PPA and FiT framework and the existing licensing procedures for distribution and retail are for utilities. According to the existing framework, a person who generates electricity which does not exceed two megawatts is exempted from generation licence. Although a formal RE regulatory framework has not been adopted, in 2015, LEWA developed a draft Regulatory Framework for the Development of Renewable Energy Resources in Lesotho (“RE regulatory framework”) for expanding the use of renewable energy resources. The framework specifies the procurement and regulatory approaches for both on-grid and off-grid RE. Specifically, the RE regulatory framework includes: feed-in-tariff rules; procurement guidelines; and templates for various licenses, tenders, and power purchase agreements (PPAs). The proposed regulatory framework has not been adopted by Government, but LEWA has published the PPA template to guide prospective power producers and off-takers who are interested in buying or selling electricity to the Lesotho grid. 
LEWA has noticed growing interest from the private sector in developing mini-grid projects (based on a number of enquiries from local companies). Specific licensing procedures and regulation for private mini-grids could be developed after the approval of the energy law. First movers are needed to pave the way. 
For operating energy centres, Trader’s Licences similar to the ones for operation a mini-market is required. These can be obtained from the Ministry of Trade and Industry’s one-stop-shop.
[bookmark: _Toc523405079]Electrification status
There are currently no electrification projects in the villages chosen for the assignment. Most of the villages lack any access to modern and reliable electricity services. Solar lanterns and solar home systems are commonly found across all sites, and in increasing numbers in recent years. However, such small systems and units normally only provide basic lighting, phone charging services and entertainment, and are mainly found in business units and a limited number of households. These installations are in the range of 5 – 120 W.  Small diesel generators are also found in most sites but their availability is limited in each village and they are not always in operation or in a good state. For water pumping, at some sites solar PV water pumping was found. The telecommunication base transceiver stations in the villages have hybrid system with a diesel generator and solar PV system. 
Larger solar PV systems are also commonly found in health centres and some schools largely due to the significant efforts by Millennium Challenge Cooperation to electrify all rural health facilities institutions in the country. In most schools, these systems are not functioning, because of lack of maintenance or replacement of parts, such as batteries that have deteriorated.
With the exception of Mpharane and Phamong, there are no medium to long term plans to extend grid to these sites. Further most of these sites have also been identified by the on-going Electrification Master Plan 2018, as areas suitable for off-grid solutions.
The nearest utility grid access points, 11kV distribution lines closest to these villages are about 10km away. For communities such as these one, properly designed and sized mini-grid systems can be the most feasible electrification solution to the communities’ energy needs.
[bookmark: _Toc523405080]Choice of Villages
Prior to the start of this assignment, twenty villages were chosen as candidates for a better power supply. It was also decided prior to this assignment which of these villages shall get a mini-grid and which one an energy centre. Aspects considered were:
(1) the likelihood that the village will be connected to the central grid in due time. The farer the village is situated from the existing central grid, the less likely it will be connected the more it is feasible for mini-grids or energy centres. The concession area of Lesotho Electricity Company extends only to any area in the range of 3.5 km of the existing grid. Thus, LEC is not in charge for electricity supply to any villages outside these areas providing a clear guidance which villages are candidates for connection to the grid and which not. However, timing of prospective grid connection is not always clear. Further, also villages outside the concession area of LEC have been connected to the grid. 
(2) the population density: higher populations density allows higher energy demand thus higher income to the operators of the energy centres / mini-grids; 
(3) the observed urgency for getting better access to electrified energy services;
(4) the economic attractiveness to potential investors to allow for an economically viable operation over a longer period of time.
Appropriate sites for renewable mini-grid implementation were identified through direct consultation with key institutions - Government (Department of Energy, Lesotho Electricity Company (LEC), Rural Electrification Unit (REU), Bureau of Statistics and Local Government, in particular Principal Chiefs of the five districts), Private Sector, Non-Governmental Organizations, and potential consumers. The selection criteria were developed, discussed with the stakeholders and utilised during discussions with Principal Chiefs and village representatives during implementation of the project preparation grant (PPG) (Table 3). Once criteria for the selection of villages have been approved, they should be strictly enforced and should not be left to interpretation by stakeholders. The final selection of villages will have to be approved by the Project Board (UNDP Project Document).
The following questions were included during the process of soliciting information from district/village representatives: 
In your district, which villages (total of 20 villages for all five districts):
(1) Are far from the existing national grid, and where possible planned grid-extensions (typically more than 15 km; as extending the grid beyond this distance becomes prohibitively expensive)? 
(2) Are accessible by road, preferably throughout the year? 
(3) Have relatively larger population densities?
(4) Have sufficient demand for electricity and modern energy services:
a. Have existing or potential for economic activities such as cottage industries, tourism, etc.?
b. Have schools, business units, social institutions, administrative units (e.g. Police Post, Local Government office, Post office, Youth Centres, Local Courts, Agricultural Resource Centres, etc.)? 
(5) Have development organizations? 
(6) Have relatively low theft and crime rate?
The villages in the selected five mountainous districts of Lesotho (viz; Mohale’s Hoek, Mokhotlong, Thaba-Tseka, Qacha’s Nek and Quthing), although difficult and expensive to reach by grid extension, are also generally rich in at least one renewable energy resource: high solar radiation, good wind speeds and/or proximity to rivers with sufficient heads for run-of-the-river hydropower stations. However, it is understood that these villages constituted a preliminary list that may be subject to change during project implementation, depending on the interest of and confirmation by the stakeholders.
[bookmark: _Ref519150119][bookmark: _Toc523405054]Table 3: Criteria of village selection
	Category
	Parameters
	Notes

	Location of installation
	(a) Distance to existing grid power source.
(b) Transmission distance based on population distribution (dense or sparse).
(c) Accessibility and topography (terrain.)
	No planned grid and off-grid electrification in the area for at least 5 years.
Site should be more than 15 km from an existing or planned power source (depending on the load to be supplied, extending a line from a power source within a radius of 15 km may prove to be a cheaper solution than establishing a mini-grid).
Does the site offer a long-term opportunity to realise returns on investment and measure impact on communities?
The units to be connected (households, institutions, commercial premises, etc.) should be in close proximity to one another (It is most convenient if the area to be served is within a radius of 600 metres, thus eliminating the need for step-up transformers).
The site should be accessible throughout the year regardless of the weather and resulting road conditions and must have proximity to transportation routes that can support heavy loads during construction. 

	Productivity
	The site should present potential for productive uses by small entrepreneurs, SMEs, etc.
	Potential for SMEs.
Agricultural potential, etc.

	Payment for services
	For the project to be economically viable, the potential power consumers should demonstrate:
Ability to pay: 
· Prevailing economic activities.
· Disposable income.
· Percentage of the population engaged in economically productive activities.
Willingness to pay:
· Current expenditures on power/energy.
· Quality of current power/energy sources.
· Desire or need to consume quality power.
	It is important to gauge the ability, willingness and reliability of customers to make payments to cover services costs.
Supply and demand balancing (after estimating the overall ability to pay for electricity, an additional intricacy is the gauging of potential levels of use at various prices per unit of electricity, pricing too low could lead to excessive demand, whereas pricing too high could lead to non-payment or non-use).
Lack of information about electricity supply could also lead to misuse.


	Magnitude of potential power consumers
	The generated power must be consumed in order to provide positive social, environmental and economic impact. 
	Alignment of community expectations.
The categories of potential consumers may include households (general density of >50 households/km² in clusters), businesses, institutions, administrative units, development organisations, etc.

	Secure generation site
	Cattle rustling, clashes, vandalism, theft, etc.
	Security is a vital factor in site selection. Secure areas can be implemented faster and require no special planning on how to counter or prevent insecurity occurrences.



The 21 sites that have been pre-selected, and for which pre-feasibility studies have been undertaken, are listed in Table 4. These sites are evenly dispersed between the northeast, east and southeast of the country. At some sites, the buildings are clustered in a circular pattern while at others the majority of the buildings are found in a line along a main road.
[bookmark: _Ref515615666][bookmark: _Toc523405055]Table 4: Pre-selected sites
	District
	Village
	Electrification solution
	Electrification plans

	Mohale’s Hoek
	Ketane 
	mini-grid
	Currently, there are no planned electricity services in the immediate future

	
	Ribaneng 
	mini-grid
	MEM is currently planning to extend grid from Mt. Moorosi to Phamong as early as 2019.

	
	Koebunyane 
	energy centre
	Currently, there are no planned electricity services in the near future

	
	Phamong
	energy centre
	Grid extension to this site not possible in the near future

	
	Mpharane (new site)
	mini-grid or 
energy centre
	Currently, there are no planned electricity services in the immediate future

	Quthing
	Tosing
	mini-grid
	Possible mini-grid should be on the other side of Tosing and Sebapala - focus on Ha Motsapi

	
	Sebapala
	mini-grid
	

	
	Kubung
	energy centre
	Grid extension to this site not possible in the near future

	
	Qhoali
	energy centre
	

	Qacha’s Nek
	Sehlabathebe
	mini-grid
	There are plans to extend grid from Ha Makunyapane to Qacha's Nek via St. Theresa, Mashai, Sehong-Hong, Matebeng and/or Sehlabathebe - but probably not in the next 5 years

	
	Lebakeng
	mini-grid
	

	
	Matebeng 
	energy centre
	

	
	Melikane 
	energy centre
	

	Thaba-Tseka
	Sehong-hong
	mini-grid
	There are plans to extend grid from Ha Makunyapane to Qacha's Nek via St. Theresa, Mashai, Sehong-Hong, Matebeng and/or Sehlabathebe - but probably not in the next 5 -10 years

	
	Mashai, PVMG.
	mini-grid
	

	
	Linakaneng 
	energy centre
	There are plans to extend grid from Ha Makunyapane (Thaba-Tseka) to Ha Rafolatsane (Mokhotlong) via Linakeng and Linakaneng, also not visible in the next 5-10 years  

	
	Ha Mokoto 
	energy centre
	

	Mokhotlong
	Matsoaing
	mini-grid
	Not in the near future

	
	Tlhanyaku
	mini-grid
	Grid extension to this site not possibility in the near future

	
	Malingoaneng 
	energy centre
	There are plans to extend grid from Ha Makunyapane (Thaba-Tseka) to Ha Rafolatsane (Mokhotlong) via Linakeng and Linakaneng, also not visible in the next 5-10 years  

	
	Mateanong
	energy centre
	Not in the near future



[bookmark: _Toc523405081]Methods used
The scope of work covers the five districts of Lesotho. The consultants consulted households, public institutions, businesses and community projects. Consultants assessed documentation for the desktop research within the project, the Department of Energy, Rural Electrification Unit, Bureau of Statistics (BOS) and other institutions which were involved in the rural energy projects in Lesotho, such as 1Power and Delegation of the European Union to Lesotho. The assignment included following activities. 
Site assessment: As part of the fieldwork, the consultants collected information regarding village population, socio-economic activities, number of buildings and main anchor loads, existing electricity generation systems and potential renewable energy resources, as well as indicative data on electricity demand. The consultants also determined the optimal location of the mini-grid in every village selected for mini-grid implementation. 
[bookmark: _Toc523405082]Choice of Potential Sites for RES Generation
To determine the generation site in the case of energy centre including the energy centre) the study required to develop some site selection parameters and assigning weighting factors to these parameters in order to come up with the selection and evaluation criteria for site section. This was done by assigning weighting factors to the identified parameter. To identify the exact location of the installation criteria that were assessed included: 
· distance to existing power source (proximity to grid or off-grid power sources)
· accessibility and topography (terrain)
· potential of activities including water pumping, any agricultural activities such as irrigation, crop drying etc., any commercial or prospective commercial activities or cottages industries 
· security of site 
· distance to potential customers (dense or sparse)
· willingness and ability to pay for energy services
· potential demand and consumption patterns of prospective consumers (households, business enterprises, public and social institutions and any other development organisations). 
This information was obtained through site assessments (field site observations), interviews, and literature. The assessments included assessing common economic activities, household disposable income, percentage of the community engaged in economic and productive activities, current sources and quality of energy supply and the costs of power as well as any need for alternative energy usage.
For hydro power a high-level observation of nearby resources was highlighted. To supplement this, some available meteorological stations and other global databases were used to estimate the potential of solar and wind potential. The harnessing and usage of the available renewable energy resource potential was compared to the commercial resources taking into consideration the costs, availability, simplicity etc.
Solar power plants
A solar PV-based energy system supplying a mini-grid generates electricity and stores it in a battery bank and then inverts it to alternating current (AC) when it is needed to supply customers.
With energy centres, charging stations might be directly driven through DC to circumvent losses from inversters.
[bookmark: _Toc523405056]Table 5: Criteria considered for site selection for PV-based system
	No.
	Criteria

	1
	Availability of solar radiation/ Sunshine Hours

	2
	Availability of vacant land for its present as well as for its future development (Preference was given to unused or low productivity lands and communal land)

	3
	Accessibility from roads

	4
	Variation in local climate

	5
	Use of nearby land

	6
	Topography of site

	7
	Module soiling



Economic Criteria: Preference was given to availability of vacant land for its present as well as for its future development, unused or low productivity lands and communal lands. The economic criteria selected are distance to roads, slope and elevation. The proximity of power plants to the location plays a crucial role in the viability of solar power plants (SPP) because the distribution costs of generated electricity and the network losses has a direct relation with the distance to the consumers. SPPs should not be built in the areas with difficult access. Proximity to transport will reduce the costs of operational supports, equipment loading, and personnel transport. Therefore, distance to roads is considered an important factor among economic criteria because transportation cost is a common variable in estimating economic benefits. In this pre-feasibility study, it is assumed that the proximity to residential areas will ensure a shorter distance to power transmission lines. Slope and elevation are other economic criteria. Consideration of the slopes (gradient of Earth’s surface) is effective on the reducing the civil costs of SPPs. Elevation was considered as it is more challenging and costly to build SPPs in mountainous and high altitude lands. The higher slope of surface leads to higher investment and operational costs.
Environmental Criteria: PV power plants usually need large areas that may adversely affect the environment and the communities around it. Some areas are inappropriate for SPPs construction such as forests, wetlands and water resources like rivers.
Other Criteria: Solar PV panels work efficiently within a range of temperature which is 25C to 45C, the degradation of cells happens due to high wind velocity, extreme temperatures, shadow on modules and dusting on arrays, thus variation of local climate is significant criteria. By considering topography of site, flat or slightly north facing slopes are preferable for projects. Efficiency of plant could be reduced significantly if modules are soiled. 
Sunshine Hours: The number of sunny hours is an important factor that represents the amount of energy received from the sun. Areas that provide year-round unobstructed solar access were preferred.
The area required for crystalline silicon technology is 5 acres for 1 MW PV power plant, so the area required for 0.20 MW PV power plant should be 1 acre (4,047 m2 or ¾ of a football field).
Hydro power plants
For mini-hydro power plants, the following parameters were considered: 
· Availability of water (potential site must have a permanent watercourse)
· Water head:  In order to generate a requisite quantity of power it is necessary that a large quantity of water at sufficient head should be available (at least 20 m of head)
· Accessibility of site: The site where hydro-electric plant is to be constructed should be easily accessible.
· Distance from the load centre: Power plant should be set up near the load centre; this will reduce the cost of maintenance of transmission line.
· Water storage: Since there is a wide variation in rainfall during the year, it is necessary to store the water for continuous generation of power. Water is available in sufficient quantity even during the worst dry periods.
In order for hydro power to be economically viable, it is important to ensure that a significant portion of the generated electricity is used for income-generating purposes, thus, resulting in a high load factor. Otherwise, the power plant will not generate the revenue required to cover capital and operating costs (ESMAP 2000).
[bookmark: _Toc523405083]Location Calculation for Energy Centers and Mini-grids
The optimal locations for energy centers and mini-grids were determined through a combination of two researches. 
First the research team in Lesotho made an onsite visual plausibility check for suitable locations for all villages in Lesotho. This check was made according to physical criterions like the terrain and its alignment and availability of free space. 
Secondly an algorithm was used, to calculate the geometrical mean of all buildings in a village. This geometrical mean represents the location that has the minimum sum of distances to all buildings in a village. So it is theoretically the most optimal position for an energy source. For performing the algorithm, the before captured geo locations of the village buildings were used.
To make the final decision for the best location of the energy centers and mini grids, these two researches were combined. The closest location defined by the research team in Lesotho to the geometrical mean was calculated and used for the best position for the energy centers and mini grids.
[bookmark: _Toc523405084]Renewable Energy Survey Tool
Enumerator recruitment and training: Enumerators were recruited from a pool of experienced personnel availed by Bureau of Statistics (BOS). All recruited enumerators took part in the Household Energy Consumption Survey 2017. At each district town centre, 2–3 hours training session was conducted to familiarise them with the questionnaire and energy sector. 
A mixed method approach was used to gather data and develop socio-economic profiles for the 21 villages in the five districts. This was based on a review of reports/documents/grey literature with socio-economic details on these villages to obtain information that was used to prioritise the villages, including information on market density, opportunity and consumption patterns. To complement this, primary data was collected through interviews and focus groups with key stakeholders such as village leaders/elders to get details contributing to the village profile (Renewable Energy Survey Tool). This included the number of households, businesses, private sector buildings/ infrastructure and the magnitude of the potential power consumers. Interviews were also conducted with energy suppliers where they were available.
All businesses/SME’s and public infrastructure (e.g. telecommunications and critical institutions in areas such as education, culture, health and social services) were interviewed with the help of a printed questionnaire (see Annex) to determine the present and likely future energy demand and consumption patterns. Where possible the questionnaire, suitable for face-to-face interviews, used structure and individual questions from a questionnaire developed for the Lesotho Bureau of Statistics (BoS) to allow for maximum validation and comparability. 
The body of the questionnaire was organized in modules as follows:
1. Respondent information (gender, name, etc.);
2. Household or building characteristics (number of people living/working at the premises, type of structure, etc.);
3. Economic information (income sources, levels and timing, expenditure, etc.);
4. Energy data (sources of energy, consumption patterns, expenditure, etc.);
5. Willingness to pay for electricity and hypothetical energy use; and,
6. Willingness to pay for connection costs and monthly charges.

The household survey sample was selected using convenient sampling technique which allows the researchers to select the sample units purposively. A written questionnaire was developed and tested where again structure and individual questions follow as much as possible the questionnaire of BoS for the national energy census in 2017. Detailed data on energy demand and energy expenditures were taken for a sample of typically ten households in each village. These samples blended with census data allow sufficiently exact to determine the spatially distributed energy demand and consumption patterns. Through the surveys, renewable energy resources available in households and other entities were assessed and a potential could be estimated using this gathered information.
The National Energy Survey was conducted by BoS in 2017 and covered the household sector in Lesotho. Further investigations of energy use of other economically important sectors are expected to follow in the near future. The questionnaires for the different sectors were already compiled but yet not tested in the field. Considering them, we developed one consolidated questionnaire for all commercial applications to know the aspects of their current and future energy consumption as well as willingness and ability to pay. 
The BOS household energy survey 2017 aimed at gathering information about energy consumption and use by households as well as energy-related behaviour in Lesotho. The survey intended to collect quantitative information on energy consumption by energy source and explore multiple energy use. 2,900 households participated in the survey, a representative sample of the country’s population. The sample included people from all ten districts in Lesotho, living in all types of settlements (rural, semi-rural and urban) and different agro-ecological zones.
Since a lot of questions in our questionnaire coincide with the questions in the BOS questionnaire, after data collection we validated the results of our household energy survey with those of BOS survey. 
The data from the completed questionnaires was captured in the data analysis tool by the same research assistants that are collecting the information to reduce the chances of data entry mistakes. 
For data analysis of the survey results we made following assumptions. In questions with answers provided as intervals, e.g., income, expenditures, time, we used an average of the intervals for calculations. Example for the time intervals:
· 00-29 min  15 min
· 30-59 min  45 min
· 60-89 min  75 min
· 90-119 min  105 min
· 120+ min  180 min
Example for income:
· Less than M300 M150
· M300-M499 M400
· M500-M999 M750
· M1,000-M1,999 M1,500
· M2,000-M4,999 M3,500
· M5,000-M9,999 M7,500
· M10,000-M29,999 M20,000
· M30,000 and above M50,000
The Renewable Energy Survey tool was used to gather biomass demand in the form of charcoal, fuel wood, wood waste, crop waste, dung, shrubs, and any fuel used by households or other entities within the selected villages. In order to calculate current energy consumption, we used assumptions for heating values of different energy sources and conversion of measurement units into kg (Table 6, Table 7). 
[bookmark: _Ref519592584][bookmark: _Toc523405057]Table 6: Heating value of energy sources used in Lesotho
	Energy source
	Heating value, kWh/kg
	Remarks

	Fuel wood
	4.9
	Assumed moisture content 15%

	Wood waste
	4.9
	

	Crop waste (Lithlaka)
	4.0
	

	Animal waste / dung (Likhapane)
	4.7
	

	Aloe
	2.3
	

	Shrubs (Sehala-hala)
	4.9
	

	LPG
	12.8
	

	Paraffin
	11.5
	

	Candles
	0.15 
	kWh/candle

	Coal
	8.7
	

	Charcoal
	8.1
	


[bookmark: _Ref519592587][bookmark: _Toc523405058]Table 7: Weight of units of energy sources
	Measurement unit
	Weight, kg
	Remarks 

	Piece
	[bookmark: _GoBack]1
	

	Bundle
	3 or 5
	3 kg for fuel wood, 5 kg for all other resources

	Stack
	5
	

	Bag
	3
	

	Sack
	5
	

	Tree
	1,000
	

	Cart
	
	



We derivate consumption patterns as follows.
[bookmark: _Toc523405085]Calculation of yearly energy consumption of biomass resources (exemplary)
Assumed moisture content of fuel wood = 30%; heating value of wood = 4.9 kWh/kg
1 stack of fuel wood  5 kg fuel wood
Total quantities (d) Unit of measure (e) x kg/unit x b kWh/kg = 5 stack/a x 5 kg/stack x 4.9 kWh/kg = 122.5 kWh/a 
1 bundle of fuel wood  3 kg fuel wood
Total quantities (d) Unit of measure (e) x kg/unit x b kWh/kg = 52 bundles/a x 3 kg/bundle x 4.9 kWh/kg = 764.4 kWh/a 
Assumed heating value of animal dung = 4.7 kWh/kg
1 sack of animal dung  5 kg/sack
Total quantities (d) Unit of measure (e) x kg/unit x b kWh/kg = 24 sacks/a x 5 kg/sack x 4.7 kWh/kg = 564 kWh/a 
Assumed heating value of aloe = 2.3 kWh/kg
1 bundle of aloe  5 kg/bundle
Total quantities (d) Unit of measure (e) x kg/unit x b kWh/kg = 24 bundles/a x 5 kg/bundle x 2.3 kWh/kg = 276 kWh/a 
Assumed heating value of shrubs = 4.9 kWh/kg
1 bundle of shrubs  5 kg/bundle
Total quantities (d) Unit of measure (e) x kg/unit x b kWh/kg = 24 bundles/a x 5 kg/bundle x 4.9 kWh/kg = 588 kWh/a 
[bookmark: _Toc523405086]Annual labour hours for fuel wood collection and transport:
We calculate the present efforts for covering energy needs like fuel wood. This allows for understanding the present budgets people are allocating to energy supply. We used following calculation steps (Codes in brackets refer to the question in the questionnaire used).
(travel time (Q D4) + collection time (Q D5)) x time/month (Q D6) x 12 months
[bookmark: _Toc523405087]Annual labour for fuel wood collection and transport valued in money:
Annual labour hours x minimum wage/h = expenses/a
The assessed demand was used to carry out a feasibility analysis to do a pre-design of the technical layout and models the financial performance/viability of the mini-grid. The techno-economic analysis assessed the cost-benefits of a potential system.
The daily and seasonal demand for electricity in a mini-grid depends on various factors, including: income patterns of villagers and therefore available cash for consumer applications of electricity; seasons and their influence on lighting, cooling loads and other loads; the operation of small industries, businesses, farms, etc.; crop cycles for farming-related productive loads (e.g. irrigation, milling); the efficiency of appliances and machines, and occasional events like festivals and weddings causing ad hoc increases in demand. The mini-grid must be sufficiently flexible (technically and in its operator model or tariff model).
[bookmark: _Toc523405088]Hard- and Software Tools
Least cost electricity supply: HOMER Pro has been used to find the least cost option among different possible configurations of the hybrid mini-grid PV/hydro/wind generation plant considering dynamics of different model parameters like PV degradation, load growth, etc. during several years of mini-grid operation.
Selection of tools for data presentation of mini- and off-grid electricity supply: MS Excel has also been used as the data analysis tool because: i) it is widely used and therefore accessible for most professionals; ii) the data can easily be linked to a GIS; iii) the data can easily be exported to other data management tools; and iv) future updates with new data can easily be done by the Department of Energy as Excel is easily manipulated without knowledge of specialised software.
Preliminary technical and economic assessment from the data collected was done using one or a combination of tools/software such as HOMER and Excel. 
GPS equipment was used by enumerators conducting the surveys during transect walks to collect spatial data that fed into the Renewable Energy Tool including digital logging of GPS coordinates of households, commercial entities and public entities (number of households, commercial and public institutions within the 1, 2 & 3 km radius), existing micro enterprise centre, potential sites for commercial activities and location of the nearest LEC grid as well as the potential site for the mini-grid. This database was used to map the potential present and future demand for power. For deep remote locations where there is no signal, each enumerator had installed offline Google map so that GPS coordinates could always be logged into the GPS database. We digitalize buildings on the maps with site and area of each building to verify and supplement findings of the on-site research. 
Areas where renewable resources are available within the villages were captured. The GPS database was used to map estimated solar and wind potential using any of the available international data sets such as National Aeronautics and Space Administration (NASA), free datasets such as the Renewable Energy ninja dataset or the Technical University of Denmark’s dataset. Transect walks were done in order to verify information from interviews and secondary literature.
We found that OpenStreetMaps provide a very concise picture of the spatial distribution of the housing as well as the size of the housing. We therefore digitalized all houses in the villages under investigation to allow for precise calculations on demand for power within the vicinity of the prospective site of the power plant / energy centre as well as a concise planning of wiring for the case of mini-grids.
The digitizing was performed through the open source geographical information system QGIS. QGIS is a powerful GIS application that runs on all common operation systems, works according to open standards (OGC), guarantees a high compatibility with all kind of data sources and is easy to handle. As data foundation for the digitization of buildings, ESRI (Environmental Systems Research Institute) shapefiles were used. These files are easy to migrate into common database management systems and enable clients to work offline. 
[bookmark: _Toc523405089]Cost Assumptions
Mini-grids
For the HOMER analysis we made the following assumptions of costs of different renewable technologies for mini-grids. 
General assumptions made were:
1) IRR = 8%
2) Inflation rate = 3%
3) Project lifetime = 25 years
4) Annual increase in LEC electricity tariffs = 3%
[bookmark: _Toc523405059]Table 8: Costs of different renewable technologies and other components for mini-grids 
	Technology 
	Element
	CAPEX ($/kW)
	CAPEX (M/kW)[footnoteRef:2] [2:  Exchange rate 1$ (US) = M13, 1€ = M15] 

	OPEX ($/kWy)
	OPEX (M/kWy)
	Remarks

	Solar power plant
	Solar panel
	1,300
	16,900
	15
	195
	Lifetime: 25 years

	
	Converter Inverter
	200
	2,600
	-
	-
	Lifetime 15 yrs

	
	Battery 
	300
	3,900
	10
	130
	1 kWh Lead Acid; Life time 5 yrs; minimum state of charge: 40%

	Hydro power plant 
	
	4,600
	60,000
	140
	1,800
	Lifetime: 25 years

	Distribution network
	Power lines
	1,615/km
	21,000/km
	32/km
	420/km
	From Lesotho Electrification Master Plan; OPEX: 2% of capital costs

	
	Power meters
	246/power meter
	3,200/power meter
	5/power meter
	64/power meter
	



Approximate costs of a solar panel together with scaffolding, inverter, construction and installation costs we adapted from the SREP Investment Plan for Lesotho, published in September 2017. Capital costs for a utility-scale solar park account there for $1,620/kW, including software, power lines, installation and design. As we consider power lines separately, we reduced this sum to $1,500. 
The mini-grid setup based on HOMER simulations critically depends on a few factors:
1) The level of renewable energy required for the entire mini-grid (100% in our case)
2) The degree of security of supply (SAIDI) accepted throughout the year 
3) The availability of hydroelectric potential, particularly in July
4) Grid resilience due to technical outages, I.e. how stable is the grid if one of the generation units does not work.
All options of HOMER analysis assume that capacity shortage throughout the year is 90 % or smaller. It is also highlighted that the mini grids are dimensioned to work yet reasonably well in June and July, which means that large amounts of excess electricity is available in the other ten months which can be used, I.e. for pumping water, irrigation, cooling in summer or in the long term even fuel production on the small scale to generate additional income streams from the mini-grid.
To assess an economic viability of mini-grids, we considered revenue from national electricity tariffs used by LEC. Inter alia, approved LEC tariffs for 2017/18 account for M1.424/kWh for residential customers, and M1.5995/kWh for general purpose customers (among them governmental institutions, schools, SMEs, in summary all considered in the survey anchor customers). We assumed an annual tariff increase of 3% till the end of the project lifetime. 
Energy Centres
For energy centres, we emanated from cost estimations for Lekokoaneng Multipurpose Clean Energy Centre and own assumptions. Depending on the number of households to be supplied we defined three sizes of energy centres with a standard building size, staffing, equipment and stockage (Table 9). The photovoltaic set with battery is calculated specifically for each village depending on the individual estimated demand of a village. A car is required to deliver goods and services as well as to get supplies. For the small and medium sized energy centres we assumed that a car is shared with another energy centre in proximity or with other businesses in the vicinity of the centre. Equipment comprises chargers, lights, printer, telecommunication, radio and refrigerator to provide additional, energy related services. Contingencies amounts to 20% of all investments. Total initial investment without PV set and storage ranges from M560k to M1.5m. 
[bookmark: _Ref523257304][bookmark: _Toc523405060]Table 9: Key characteristics and investment costs (Maloti) of three sizes of energy centres
	Centre Type
	Small
	Medium
	Large

	Number of households
	≤ 150
	151-250
	> 250

	Building area, m²
	50
	80
	100

	Vehicle, #
	0.5
	0.5
	1

	Employees, #
	2
	3
	4

	Capacity PV
	Site specific

	Initial investment 

	Building costs, M
	100,000
	160,000
	200,000

	Vehicle, M
	100,000
	100,000
	200,000

	PV+storage, M
	Site specific

	Initial stockage, M
	236,550
	412,545
	796,510

	Equipment, M
	25,800
	30,700
	36,000

	Staff training, M
	5,000
	5,000
	5,000

	Contingencies
	93,470
	141,649
	247,502

	Total initial Investment
	560,820
	849,894
	1,485,012



The initial stockage consists of products for sale to final customers (Table 10). This is an exemplary listing, real stockage needs to be adapted to individual customers’ needs and demands in individual sites. Even though part of the initial investment, sold items will be constantly replaced financed by the income from the sale. For calculating costs we thus assume that the stockage will feature the same content at the end of ten years. 
[bookmark: _Ref523259333][bookmark: _Toc523405061]Table 10: Details and costs (Maloti) of initial stockage depending on EC size
	 
	Small
	Medium
	Large

	#
	Item
	Unit costs
	Quantity
	Costs
	Quantity
	Costs
	Quantity
	Costs

	1
	High pressure 150l solar geyser
	10,500
	1
	10,500
	2
	21,000
	4
	42,000

	2
	Low pressure 100l solar geyser
	3,500
	3
	10,500
	5
	17,500
	10
	35,000

	3
	Solar water heating kit incl, geyser 150l
	17,000
	3
	51,000
	5
	85,000
	10
	170,000

	4
	Solar light and phone charging system
	3,500
	10
	35,000
	20
	70,000
	40
	140,000

	5
	7 W LED
	80
	25
	2,000
	50
	4,000
	100
	8,000

	6
	3 W LED
	50
	25
	1,250
	50
	2,500
	100
	5,000

	7
	Energy save light bulb
	30
	10
	300
	20
	600
	40
	1,200

	8
	300W Pure Sine Wave Inverter
	1,600
	1
	1,600
	2
	3,200
	4
	6,400

	9
	2 Lights Kit
	1,100
	10
	11,000
	20
	22,000
	40
	44,000

	10
	4 Lights Kit
	1,800
	5
	9,000
	10
	18,000
	20
	36,000

	11
	Solar Lantern
	200
	50
	10,000
	100
	20,000
	200
	40,000

	12
	100Ah Battery (Gel)
	1,500
	5
	7,500
	10
	15,000
	20
	30,000

	13
	Efficient wood Stove
	700
	10
	7,000
	20
	14,000
	40
	28,000

	14
	Electric stove (portable double plate)
	280
	5
	1,400
	10
	2,800
	20
	5,600

	15
	Electric stove (stand alone)
	3,400
	1
	3,400
	2
	6,800
	4
	13,600

	16
	Gel fuel
	25
	75
	1,875
	150
	3,750
	300
	7,500

	17
	Double Gel Stove
	225
	3
	675
	5
	1,125
	10
	2,250

	18
	Single Gel Stove
	135
	10
	1,350
	20
	2,700
	40
	5,400

	19
	LPG Gas Refill 9kg
	200
	20
	4,000
	40
	8,000
	80
	16,000

	20
	LPG Gas Refill 14kg
	310
	5
	1,550
	10
	3,100
	20
	6,200

	21
	LPG Gas Refill 19kg
	420
	5
	2,100
	10
	4,200
	20
	8,400

	22
	LPG heater
	3,600
	3
	10,800
	5
	18,000
	10
	36,000

	23
	135W Solar Panel
	3,000
	3
	9,000
	5
	15,000
	10
	30,000

	24
	100W Solar Panel
	2,650
	3
	7,950
	5
	13,250
	10
	26,500

	25
	85W Solar Panel
	2,000
	2
	4,000
	3
	6,000
	6
	12,000

	26
	5 Way multi-plug
	70
	20
	1,400
	40
	2,800
	80
	5,600

	27
	Top White Plug
	12
	10
	120
	20
	240
	40
	480

	28
	Socket
	9
	50
	450
	100
	900
	200
	1,800

	29
	3m Extension cord surge
	70
	5
	350
	10
	700
	20
	1,400

	30
	5m Extension cord surge
	80
	5
	400
	10
	800
	20
	1,600

	31
	10m Extension cord surge
	100
	5
	500
	10
	1,000
	20
	2,000

	32
	Solar installation training kit 
	28,580
	1
	28,580
	1
	28,580
	1
	28,580

	 
	Total
	236,550
	 
	412,545
	 
	796,510



Annual costs arise from wages as well as maintenance for equipment (Table 11). Depreciation is listed here as well to remind that the initial investment needs to be recovered. However, we do not consider depreciation in our cost calculations because the initial investment costs are considered. We consider also replacement costs for certain items during the energy centre’s operational term of ten years: after five years we assume that the vehicle needs to be replaced as well as the inverter and the battery system.
[bookmark: _Ref523260240][bookmark: _Toc523405062]Table 11: Annual costs in Maloti of different sizes of energy centres
	Annual costs
	Small
	Medium 
	Large

	Salaries, M
	50.000
	75.000
	100.000

	Maintenance PV, M
	Site specific

	Depreciation on hardware investment
	30.160
	34.140
	57.200

	Vehicle maintenance and fuels
	10.000
	10.000
	20.000

	Contingencies
	18.032
	23.828
	35.440

	Total annual costs
	108.192
	142.968
	212.640



There are different sources of income for the energy centre (Table 12). Depending on the size of the centre 100 to 300 lights and phones will be charged every third day at 5 Maloti per charge. A standard battery of 1 kWh capacity will be charged at 10 Maloti, whereas the demand for charging cycles are derived from our demand estimates (see below). We assume income for equipment services like printing, calling, use of internet etc. is roughly the same as the equipment initial costs. Income from equipment services is hard to predict because individual needs are very different as the willingness to pay for such services. Further, competition for such services might be already in the same village now or will develop over time. However, the share of income from equipment services on total income is rather low so this type of income is not crucial for the economic viability of the energy centre. Finally, we assume that profits on sales from stockage will amounts to 30% of the items purchase costs. 
[bookmark: _Ref523260994][bookmark: _Toc523405063]Table 12: Sources and scale of annual income (Maloti) depending on size of energy centre
	Services
	Small
	Medium 
	Large

	Charging lights, phones, M
	60.833
	121.667
	182.500

	Charging large batteries, M
	28.500
	51.000
	75.000

	Equipment services
	25.000
	30.000
	36.000

	Profit on equipment sales
	70.965
	123.764
	238.953

	Total annual income
	185.298
	326.430
	532.453



As some parts of the energy centre will last longer the economic term of ten years for which we calculate the economic viability, we consider residual value for the PV set, the building, and the stockage.
[bookmark: _Toc523405090]Demand
We distinguish potential customers in private households and anchor customers. We identified the following consumption patterns of different electric appliances to project power demand of households (Table 13). Usage patterns of anchor customers which differ from household patterns are represented in the Table 14. 
[bookmark: _Ref519761896][bookmark: _Toc523405064]Table 13: Consumption patterns of households for electricity 
	Electrical appliance
	Average power W
	Operation time hours/day
	Operation time months/year

	Refrigerator
	25
	24
	12

	Electrical geyser
	1,000
	1
	12

	Chest /Deep freezer 
	450
	24
	12

	Electric stove
	1,500
	2
	12

	Electric heater
	500
	4
	2

	Washing machine
	500
	2
	12

	Dishwasher
	1,800
	1
	12

	Tumble dryer
	1,800
	0.25
	12

	Hoover
	1,400
	0.2
	12

	Hair Dryer
	1,500
	0.25
	12

	Television (CRT)
	75
	5
	12

	Television (Flatscreen)
	100
	5
	12

	Television LCD
	138
	5
	12

	Desktop computer
	100
	6
	12

	Laptop
	60
	6
	12

	Air conditioner 
	1,000
	3
	2

	Iron
	1,100
	0.5
	12

	Electric Kettle/element
	1,200
	0.5
	12

	Bread Maker
	1,000
	4
	12

	Toaster
	800
	0.2
	12

	Microwave
	1,200
	0.5
	12

	Electrical pot
	1,200
	2
	12

	Electrical hair clipper
	6
	0.5
	12

	Phone charger 
	5
	3
	12

	Radio
	8
	5
	12

	Incandescent light bulbs
	60
	4
	12

	Fluorescent tubes
	30
	4
	12

	Energy saver
	30
	4
	12

	LED
	7
	4
	12



[bookmark: _Ref522793616][bookmark: _Toc523405065]Table 14: Consumption patterns of anchor customers for electricity
	Electrical appliance
	Average power W
	Operation time hours/day
	Operation time months/year

	Refrigerator till 160l
	100
	24
	12

	Refrigerator 180l
	160
	24
	12

	Refrigerator 300l
	350
	24
	12

	Freezer 40l
	60
	24
	12

	Electric stove
	1,500
	4
	12

	Desktop computer
	100
	Opening hours
	12

	Monitor
	40
	Opening hours
	12

	Laptop
	60
	Opening hours
	12

	Printer
	40
	1
	12

	Server
	850
	Opening hours
	12

	Camera
	40
	Opening hours
	12

	Electric mill
	800
	0.3
	12

	Till machine
	13
	Opening hours
	12

	Drill machine
	300
	Individually
	12

	Fluorescent tubes
	50
	Opening hours
	12


We separate households in three different categories based on the results of our survey and validated by results of the national energy survey (Table 15). We use these categories to determine the potential demand and their spatial distribution in the villages. In cases where the findings of our survey differ significantly from these generic categories we run a second simulation with these village specific data. However, we believe, that the generic numbers are more appropriate to use for determining the financial viability of a project as the respondents in our survey were picked randomly but not stratified according to any known specific characteristics. 
[bookmark: _Ref520571381][bookmark: _Toc523405066]Table 15: Household types with power demand
	Type 
	Share of type 
	HH members
	Area m²
	Income 
per month Maloti
	Present equipment
	Present supply
	Present demand kWh/yr
	Power budget 
Maloti/month

	Basic
	65%
	6
	< 40
	<3,000
	None
	None
	0
	M300

	Medium
	25%
	5
	40 - 75
	3,000 – 10,000
	Phone charging
	None
	1-99
	M500

	Affluent
	10%
	5
	> 75
	>10,000
	Phone charging, lighting, radio, TV
	Solar PV, generator, SHS, solar lantern, battery lamps
	> 100
	M750



We use the categories also to project the future power demand of households (Table 16). We distinguish power demand projections in villages where a mini-grid and energy centre will be established. Thereby we examine two points in the future:
1. The year 2019 where we assume the mini-grid, the energy centre respectively will have been established and customers are able to purchase power from them. We assume that the eased purchase directly leads to additional appliances and thus an increase of power demand compared to the present situation. The portfolio of appliances is based on the answers to the survey question which appliances respondents would use if power would be available.
2. The year 2030 i.e. more or less in ten years where all households will have reached a higher living standard resulting in more electrical appliances. The portfolio of appliances is based on the answers to the survey question which appliances respondents would use in the future. We consider thereby restrictions of budget. Relative increase of power demand of basic households is with twentyfold very substantial. However, the absolute quantity is only slightly higher compared to the present consumption of medium well off households. 
[bookmark: _Ref520573329][bookmark: _Toc523405067]Table 16: Future power demand by households in villages with mini-grids
	Household Type 
	Year 2019
	Year 2030

	
	Electrical equipment
	Power demand kWh/yr
	Electrical equipment
	Power demand kWh/yr

	Basic
	Lighting (1 LED), phone charger, radio
	30
	Refrigerator, TV, iron
	600

	Medium
	More lights (5 LED), phone charger, radio, refrigerator, iron
	500
	TV, electric stove, microwave, electric kettle, laptop, washing machine
	2,700

	Affluent
	More lights (8 LED), phone charger, radio, TV, refrigerator, electric stove, iron
	1,800
	Electric kettle, desktop computer, hair clipper, electric heater, washing machine, microwave
	2,900



When it comes to energy centres we assume primarily demand from the basic and medium income households, whereas we assume that the affluent household (based on the results of our survey) already satisfy their power needs with own generation facilities so they will not purchase charging power from energy centres (Table 17). When it comes to anchor customers, we expect that only schools and crafts will purchase power from energy centres, whereas the other types of anchor customer will presumably rely on own individual power generation due to the large scale of their power demand. We expect that the specific demand of households in municipalities with energy centres will reach the same levels as households in municipalities with mini-grids. However, the resulting power demand will be too high to satisfy it comfortably with centralized charging and transporting batteries from energy centres to customers and vice versa. Thus, we expect, that energy centres will evolve into mini-grids by 2030, when more and more customers will be directly connected to the renewable energy plant. 
[bookmark: _Ref523218029][bookmark: _Toc523405068]Table 17: Future power demand by households in villages with energy centres
	Household Type 
	Year 2019
	Year 2030

	
	Electrical equipment
	Power demand kWh/yr
	Electrical equipment
	Power demand kWh/yr

	Basic

	Lighting (1 LED), phone charger
	13
	Refrigerator, TV, iron
	600

	Medium
	More lights (5 LED), phone charger, radio
	73
	TV, electric stove, microwave, electric kettle, laptop, washing machine
	2,700

	Affluent
	More lights (8 LED), phone charger radio, TV
	0
	Electric kettle, desktop computer, hair clipper, electric heater, washing machine, microwave
	2,900



The presence of anchor customers represents an important precondition for the economic viability of mini-grids and energy centres. Anchor customers include for example schools, clinics, public authorities, shops, workshops, manufacturing facilities, which features a comparable high and constant demand for power resulting constant income streams for the operator of the mini-grid / energy centre. However, one may encounter difficulties with public institutions to pay their bill on-time when public budgets get restricted. For this reason, one may consider setting up specific funds for public institutions in mini-grids to cover the costs of power purchase. This way undue risks to the operator of the mini-grid / energy centre are reduced. Anchor customers allow a better matching of electricity production and demand and a reduction of distribution grid costs.
The main public sector anchor loads found at the off-grid sites visited are health facilities, educational institutions and government offices/agencies. All except two of the sites have one dispensary or health centre. This is likewise the case with government agencies, where at least one chief’s office, administrative office or police post is present at all but three sites. Primary schools are found at all sites although secondary education is not always available.
Private sector anchor loads exhibit a greater degree of variation. From a demand and revenue perspective, key customer types for a mini-grid operation in larger villages are grain millers and telecom masts. At smaller sites, businesses like barbers and phone charging shops may be the most likely anchor load customers.
We separate anchor customers into five categories ‘Health’, ‘School’, ‘Government’, ‘Retail’, and ‘Craft’ based on the findings of our survey (Table 18). For the individual calculations in individual villages we used the individual results from anchor customers interviewed where available. The increase of the energy consumption of anchor customers for the year 2019 is relevant only to the villages where mini-grid will be constructed. Establishing an energy centre will have an influence on the growth of energy demand of schools and craft facilities solely, since these two types of anchor customers currently do not have energy supply and electric appliances at all. When EC arrives, they can charge the batteries there. For the year 2030 we assume the similar growth rates for energy demand of anchor customers in both villages with mini-grids and energy centres, since we expect that also anchor customers where at the moment energy centres are planned, will get a grid connection in form of a mini-grid or grid extension till 2030.
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[bookmark: _Ref520573410][bookmark: _Toc523405069]Table 18: Classification of anchor customers in five Lesotho districts
	Type 
	Relevance
	Size
	Operation hours
	Typical electrical equipment
	Annual power demand
	Present power supply
	Budget 

	
	
	
	
	
	Present
	2019
	
	

	Health centre, clinic

	1 per village
	7-39 employees (avg 16)
1 - 14 buildings, (avg 7); typical area 1,000 m2
	8-24 hours a day, 5-7 days a week, whole year round
	Several lights, prevailing fluorescent, some LED; monitors, laptops, desktop computers, printers; several refrigerators per unit; sometimes also freezers 
	12,250 kWh
	

14,300 kWh

	Always own PV set with battery; some have additional gen-sets with high load factor. 
	Typical willingness to pay M4,000/month  

	School
	2 per village
	0-8 employees (avg 4)
0-2,500 Maloti per month (avg M600) 
1-7 buildings (avg 4); typical area 360 m2
	6-8 hours a day, 5 days a week, 8-11 months a year
	No lights; no refrigerators or small equipment
	none
	500 kWh
	Very few have PV
	Typical willingness to pay M3,000/month  

	Government (police, council, court) 
	2-3 per village
	0-16 employees (avg 6)
1-10 buildings (avg 3); typical area 2,675 m2 
	2-24 hours a day, 1-7 days a week, whole year round
	Few have lights, prevailing fluorescent; some desktops, printers; refrigerator
	850 kWh
	

1,600 kWh
	Few have PV; very few have generator with high load factor 
	Typical willingness to pay M1,000/month  

	Retail (shop, café, post office, restaurant, pharmacy, hotel)
	6-7 per village
	0-5 employees (avg 2)
M250-75,000 per month (avg M7,000)
1-6 buildings (avg 1); typical area 80 m2 
	7-24 hours a day, 1-7 days a week, 10-12 months a year
	Some have lights, prevailing LED, incandescent and energy saver, few fluorescent and solar lamps; few have radios, printers, monitors, till machines; refrigerators, sometimes freezers
	1,800 kWh
	
2,800 kWh

	A half has PV set; some have generator
	Typical willingness to pay M600/month  

	Craft (mill, metal workshop, dress-making, wool & mohair)
	1-2 per village
	1-4 employees (avg 1)
M250-7,500 per month (avg M2,250)
1 building; typical area 16 m2
	2-10 hours a day, 1-6 days a week, whole year round
	Some have lights, LED or energy saver; few have equipment, like drill machine and refrigerators
	none
	50 kWh
	Some have PV set and some have gen-sets with high load factor
	Typical willingness to pay M500/month  



We projected future demand based on results from our survey, projected national economic development, and experiences from other countries (Table 19). We expect a growth particularly with following applications
· computer
· telecommunication
· light
· printer
· grinding mills
· refrigeration / cool storage
In particular, we expect good prospects for establishing local cold storage, so that meat and dairy could be stored. The cold storage could be part of a regional cold chain to facilitate regional marketing of locally produced meat, diary, and fruit replacing food otherwise imported to Lesotho. Additionally, some sites have reported to have or are planning to have:
· Public water pumps; and,
· Police stations or other government/administrative offices

[bookmark: _Ref520573717][bookmark: _Toc523405070]Table 19: Power demand projection of anchor customers for the year 2030
	Type
	Additional electrical equipment
	Demand growth

	Health centre, clinic

	more lights; operation lights, laptops, air conditioners, electric stoves; dentist equipment, ultra-sonic equipment, autoclave 
	100%

	School
	Computer systems, laptops, overhead projectors, lights, cooking facilities, microwaves, television, air conditioners
	600%

	Government police, council, local court, agricultural resource centers
	Telecommunication, computers, printers, air conditioners, refrigerators, more lights, fans, electric heaters
	100%

	Retail 
shop, café, post office, restaurant, pharmacy, hotel
	More lights, more refrigerators, cash till machines, cameras, computer systems and laptops, telecommunication, air conditioners, fans, electric heaters, mills, electric stoves, bar code scanners, phone chargers, microwaves, TV 
	200%

	Craft 
mill, metal workshop
	Power tools (for carpentry, sewing), welding, lights, refrigerators
	400%



[bookmark: _Toc523405091]Financial Model
The project aims to increase the engagement of the private sector in providing energy services to the population and businesses of Lesotho by building and operating mini-grids and Energy Centres. The Government decided that it would in future pursue a private sector-driven model of isolated renewable energy-based mini-grids for the provision of electricity services to the rural areas, where the grid operators will be responsible for operation and maintenance of installed equipment. The crucial role of the Government will be to create the appropriate environment for the private sector-driven modality to successfully move forward. 
Studies conducted over the last decade has revealed that the commercial viability of mini-grids is strongly dependent on two factors: the share of electricity used for income-generating purposes, and the electricity price negotiated and/or fixed by the regulator. When these two factors are constrained, which is the case in Lesotho, public financing should come into play. For this, a Financial Support Scheme of US$ 1.2 million is foreseen, which will be available to private investors to: (i) Serve as a Performance-Based Incentive (PBI) fund (a subsidy that is also referred to as OBA ≜ Output Based Aid) that will be paid directly to them, based on actual energy production of the renewable energy system; (b) Support the preparation of feasibility studies/business plans and partial investment for isolated renewable energy-based mini-grids; and (c) Support the establishment of ten Energy Centres, with each serving some 5 surrounding villages. 
Financially viable tariffs need to be implemented to allow for sufficient return on investment to attract investors. The significant increase in electricity tariffs or subsidies to keep tariffs affordable has to be mitigated but cannot be avoided completely in the most cases. There should be a compromise between tariffs to be affordable for the population and attractive for investors, available financial resources for state subsidies and extent of investors’ participation in renewable energy-based projects, which can lead to a more efficient operation of the energy systems. During the project households will be supported with tariff relief through the Financial Support Scheme, and private investors with an investment grant and PBI through the Department of Energy. 
Tariff regulation affects project cash flows, the availability of funds for management, operation and maintenance, as well as cost recovery. Expectations on cost recovery are varying. Grant-financed systems usually require tariffs to cover at least management, operation and maintenance, while private operators without state support seek to also cover capital costs plus a risk-equivalent return. A tailored approach to tariff regulation has proven to be effective for incentivizing private sector to a mini-grid development. Small-scale systems can be exempted from tariff approvals, allowing operators to set tariffs in consultation with the communities. In that way, project developers can test flexible tariff structures in a light-handed regulatory space. For larger systems official tariff approval is necessary to mitigate the risk of future tariff disputes. 
The payment collection is important to ensure the functioning of mini-grids. The payment method needs to be clearly defined, well thought out and suitable for the concrete local conditions. It has to be clearly communicated to the end customers, and the consequences of not-paying fees must be clearly explained.
[bookmark: _Toc523405092]Renewable Energy Potential
Lesotho has an average solar irradiance of 5.5 – 7.2 kWh/m2/day (Figure 3, Figure 4) and 1,700-2,100 kWh/m2 per year (Figure 2), making solar a suitable technology for mini-grids in many locations. Nevertheless, strong variations exist in different areas of the country. Solar irradiance at a particular site can be obtained from on-site measurements, or derived from satellite data and nearby weather stations. Lying between latitudes 28 and 31 in the south, Lesotho has the advantage of long hours of sunshine and more than 300 days of sunshine in a year, with average 10.5 daylight hours per day in winter and 13.5 daylight hours in summer. 
[image: ]
Source: solargis.info.
[bookmark: _Ref523229728][bookmark: _Toc523404636]Figure 2: Global Horizontal Irradiation in Lesotho
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[bookmark: _Ref523229693][bookmark: _Toc523404637]Figure 3: Solar irradiance in Lesotho in the summer
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[bookmark: _Ref523229707][bookmark: _Toc523404638]Figure 4: Solar irradiance in Lesotho in the winter
The advantage of the solar power over wind or hydro is the availability of reliable solar irradiance data. So, a year or two of mere data collection is not required to assess the resource potential before mini-grid commission.
The wind resource is very site-specific, and an accurate assessment requires detailed studies with precise wind measurements for at least last 1-2 years. 
Small hydropower is a proven, mature technology with a long track record. Although not well documented, this technology has been playing an important role in earlier electrification efforts in Lesotho. However, interest in the technology faded in the past two decades mainly due to the increased reach of national grid with cheap and reliable electricity. Lesotho is endowed with an abundant hydropower resource potential that well surpasses its relatively modest energy needs. Lesotho has many areas with rivers and streams. This makes hydro a suitable choice for those areas. Hydro is dependent on a river or stream with a sufficient water flow and drop in height to be able to continuously generate electricity. Small-scale hydro energy is practical at a few sites in Lesotho where useable hydro sites are near enough to villages to allow an acceptable transmission line cost, but most small streams are seasonal and have very large variations in flow over the year. To make a well-thought decision on constructing a hydro power plant it is necessary to gather streamflow information for at least one year. Heavy rains can seriously damage or sweep away the small run-of-the-river generation installations that are practical for village. The resource at the proposed site must be assessed and hydro systems must be designed specifically to fit that site, an expensive process. Also, stocking spare parts and training technical personnel to maintain a wide variety of installations can be quite expensive. However, it is still regarded as a good alternative and the technology is appreciated for its high capacity. According to Draft Generation Master Plan 2010, there are a number of rivers in the proximity of the pre-selected areas which offer a great potential for hydro power. A methodology of pre-feasibility study for mini hydro power plant (MHPP) is presented in.
[bookmark: _Toc431154685][image: ]
[bookmark: _Toc523404639]Figure 5: Methodology of feasibility studies of micro-hydro power plants (MHPP)
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[bookmark: _Toc523404640]Figure 6: Criteria for solar site selection
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2018 HOUSEHOLD ENERGY SURVEY 
FOR PRE-FEASIBILITY REPORTS ON MINI-GRIDS
	SECTION A: Identification information Codes

	District
	

	Zone
	

	Settlement type
	
	

	Village
	

	GPS exact site
	

	Sex of Household Head
	female = 1, male = 2
	

	Name of Respondent
	

	Sex of Respondent
	female = 1, male = 2
	

	Staff details

	Name of Enumerator
	

	Date of interview
	

	Name of Supervisor
	

	Response Details

	1  Completed
	

	2  Not Completed
	




	[bookmark: _Hlk513284113]SECTION B:  Demographics

	B1. Number of household members 
	

	B2. What is the highest level of eduction obtained by a member of your household?
00 Pre – schools	01- 07 (Std1-7)
11-15 (Form 1-5)	18 None
19 Non-Formal Education	20 Diploma/certificate after primary
21 Vocational training after primary	22 Diploma /certificate after secondary
23 Vocational training after secondary	24 Diploma /certificate after high school
25 Vocational after high school	26 Graduate
27 Post graduate Diploma/Honors	28 Masters
29 PhD	30 Other (Specify)________________________
88 Not Applicable	99 Don’t know
	




	


SECTION C:  Housing and Household Characteristics

	C1. How many housing units does this household have?
	

	C2. Which of the following houses does this household have?

	Type of House
1 Rontabole	2 Heisi
3 Polata	4 Malaene
5 Optaka	6 Apartment/town house
7 Mansion	8 Bungalow
9 Mok'huk'hu/temporary structure	10 Other (Specify)________________________ 
(a)
	No of Rooms







(b)
	Usable area size (sqM)






(c)

	
	
	

	
	
	

	
	
	

	
	
	

	C3. How much does the household earn per month?
Give total amount of the household earnings
1. None	2. Less than M300	3. M300 - M499 
4. M500 - M999	5. M1,000 - M1,999	6. M2,000 - M4,999 
7. M5,000 – M9,999	8. M10,000 – M29,999	9. M 30,000 and above 
	

	C4. What is the value of the remittances received during the last year?
Give total amount of the remittances
1. None	2. Less than M300	3. M300 - M499 
4. M500 - M999	5. M1,000 - M1,999	6. M2,000 - M4,999 
7. M5,000 – M9,999	8. M10, 000 – M29,999	9. M 30,000 and above
	



	
SECTION D:  Biomass

	D1. Which of the following Biomass did you use last year? 

	Energy source
	Used for housing purposes?
1 Yes
2 No
If no, skip to next energy source

(a)
	How did you mainly obtain the Energy sources?
1 Self-Production
2 Received for Free
3 Payment in-kind
4 Purchased
5Collected

(b)
	Amount spent
(M)







(c)
	Total quantities








(d)
	Unit of measure
1 Piece
2 Bundle
3 Stack
4 Bag
5 Sack
6 Bakkie
7 Cart
(e)

	1. Coal
	
	
	
	
	

	2. Fuel wood
	
	
	
	
	

	3. Wood waste
	
	
	
	
	

	4. Crop waste (Lithlaka)
	
	
	
	
	

	5. Animal waste /dung 
(Likhapane)
	
	
	
	
	

	6. Aloe
	
	
	
	
	

	7. Shrubs (Sehala-hala)
	
	
	
	
	

	8. Other (Specify) ______________
	
	
	
	
	

	D2. Is there an area where you can collect fuel wood in your community?
1 Yes                              2  No
	

	D3. Where do you normally source your fuel wood? 
1. Communal forest            2.  Private Forest                3. Household yard 
4. Purchase                                      5. Other (Specify)__________________
	

	[bookmark: _Hlk513287359]D4. How long does it take to go from your house to the edge of the main collecting area and back? Time in minutes
1.   00 - 29			          2.   30 - 59                          3.  60 – 89
4.   90 - 119	                                    5.   120+
	

	D5. How long does it take to collect fuel wood? Time in minutes
1.   00 - 29			          2.   30 - 59                          3.  60 – 89
4.   90 - 119	                                    5.   120+
	

	D6. How many times do you usually go to collect fuel wood per month?
	

	D7. Please specify, how many men, women and children from your household were usually involved in fuel wood collection in the last year?

	____________men
____________women
____________children

	D8. What type of improved fuelwood stove do you use? 
1 Rocket Stove	2 Eco-Zoom	3 EnviroTech
4   Save 80	5 ACE 1 Smokeless cookstove	6 None
7    Other (Specify) _____________________________________________
	

	

D9. How much do you usually spend per month for purchasing biomass?
1. nothing 	2. Less than M50	3. M50 – M199      4. M200 – M399
5. M400 – M599 	6. M600 – M799	7. M800 – M999    8. M1,000 & above
	

	D10. How do you usually pay for the fuel?
1. Cash	   2. Ecocash	   3. Mpesa
4. Other (Specify)______________________________
	

	D 11. How would you prefer to pay for the fuel?
1. Cash	2. Ecocash	3. Mpesa
4. Other (Specify)______________________________
	






	SECTION E:  Electricity 

	E1. Did you use any kind of electrical appliance in your house in the last year?
1 Yes            2 No       If No skip to E7
	

	E2. Do you generate your own electricity?
1 Yes           2 No      If no skip to E4
	

	E3. How did you generate your own electricity?
1 solar panel   2 yes with generator (gas) 3 yes with battery    4 yes with car battery 
	

	E4. How did you mainly obtain the Electricity you consumed in the last year?
1. Received for free            2. Payment in-kind             3. Purchased             4 None 
	

	E5. How much did you spend on electricity in the last year? in Maloti
	

	E6. What do you use electricity for now? (multiple responses) Please tick appropriate answers.

	1. Cooking/Re-Heating
	
	2. TV
	
	3. Radio
	
	4. Phone charging
	

	5. Laundry
	
	6. Lighting
	
	7. Ironing
	
	8. Dishwashing
	

	9. Sewing
	
	10. Air-conditioning
	
	11. Computer
	
	12. Water Pumping
	

	13. Refrigeration
	
	14. Charging (other than phone)
	
	15. Space Heating
	
	16. Water Heating
	

	17.Workshop (welding, carpentry, etc
	
	18. Other (Specify)____________________________

	E7 Do you want electricity in your house? 1 Yes            2 No
	

	E8. What would you use electricity for in future? (multiple responses) Please tick appropriate answers.

	1. Cooking/Re-Heating
	
	2. TV
	
	3. Radio
	
	4. Phone charging
	

	5. Laundry
	
	6. Lighting
	
	7. Ironing
	
	8. Dishwashing
	

	9. Sewing
	
	10. Air-conditioning
	
	11. Computer
	
	12. Water Pumping
	

	13. Refrigeration
	
	14. Charging (other than phone)
	
	15. Space Heating
	
	16. Water Heating
	

	17.Workshop (welding, carpentry, etc
	
	18. Other (Specify)____________________________

	E 9. How much are you willing to pay for electricty per month?
For those coded 1 in E7 
	M___________

	E 10. How would you prefer to pay for electricity?
1. Cash	2. Ecocash	3. Mpesa                       4. Other (Specify)______________________________
	




	[bookmark: _Hlk513292056]SECTION F:  Cooking and Kitchen utensils 

	F1. What is the source of energy for cooking for the household specifying both main and alternative? 
1.  Electricity	2.  LPG	3.  Biogas	4.  Paraffin
5.  Crop waste	6.  Coal	7.  Wood	8.  Animal dung
9.  Straw/shrubs/grass	10. No alternative	11. Other (Specify)__________________
	Main
	

	
	Alternative
	

	F2. Which energy sources and their quantities do you usually use for cooking per day?

	Energy Sources
	Energy source used
(Tick answer)
	Unit
	Quantity used
	Expenses (Maloti)

	1.  Electricity
	
	
	
	

	2.  LPG
	
	
	
	

	3.  Biogas
	
	
	
	

	4.  Paraffin
	
	
	
	

	5.  Crop waste
	
	
	
	

	6.  Coal
	
	
	
	

	7.  Wood
	
	
	
	

	8.  Animal dung
	
	
	
	

	9.  Straw/shrubs/grass
	
	
	
	

	10. None
	
	
	
	

	11. Other (Specify)____________________
	
	
	
	

	F3. If you currently do not use electricity for cooking, how much are you willing to pay for electricity for cooking purposes per month? (Maloti)
	

	F4. Do you have a Wonder box? 1 Yes      2 No
	

	F5. How often do you use Wonder box?
1. Daily          2.Weekly          3. Monthly          4. Quartely
	




	SECTION G:  Heating

	G1. Did you heat your house(s) in the last year?  1 Yes	       2 No
	

	[bookmark: _Hlk513292447]G2. Which of the following did your household use for space heating in the last year? (multiple response)

	1. Gas heater
	
	2. Coal/Wood stove
	
	3. Air Conditioner
	

	4. Paraffin heater
	
	5. Paola
	
	6. Fireplace  
	

	7.  Open Fire
	
	8. Electric Heater
	
	9. Other (Specify
	

	G3. What is the main and alternative source of energy for space heating?
1. Electricity	        2.  LPG                       3.  Biogas            4.  Paraffin                  5.  Coal                           6.  Wood                    7.  Animal dung         8.  Crop waste     9.  Straw/shrubs/grass
10. No Alternative     11. Other (Specify)__________________
	Main
	

	
	Alternative
	

	G4. How much fuel did you use for space heating in the last year and how much did it cost?

	Energy Sources
	Energy source used
(Tick answer)
	Unit
	Quantity used
	Expenses (Maloti)

	1.  Electricity
	
	
	
	

	2.  LPG
	
	
	
	

	3.  Biogas      
	
	
	
	

	4.  Paraffin
	
	
	
	

	5.  Coal                
	
	
	
	

	6.  Wood
	
	
	
	

	7.  Animal dung
	
	
	
	

	8.  Crop waste
	
	
	
	

	9.  Straw/shrubs/grass   
	
	
	
	

	10. None            
	
	
	
	

	11. Other Specify) __________________
	
	
	
	

	G5. If you currently do not use electricity for space heating, how much are you willing to pay for electricity for this purpose per month? (Maloti)
	   

	Note: G6 measurements have to be taken only for rooms that were heated 

	G6. How many square metres (m2) of household area did you heat in the last year?
	

	G7. What is the main and alternative source of energy for waterheating?
1. Electricity	        2.  LPG                       3.  Biogas            4.  Paraffin                  5.  Coal                           6.  Wood                    7.  Animal dung         8.  Crop waste     9.  Straw/shrubs/grass
10. No Alternative     11. Other (Specify)__________________
	Main
	

	
	Alternative
	

	G8. How much fuel did you use for water heating in the last year and how much did it cost?

	Energy Sources
	Energy source used
(Tick answer)
	Unit
	Quantity used
	Expenses (Maloti)

	1.  Electricity
	
	
	
	

	2.  LPG
	
	
	
	

	3.  Biogas      
	
	
	
	

	4.  Paraffin
	
	
	
	

	5.  Coal                
	
	
	
	

	6.  Wood
	
	
	
	

	7.  Animal dung
	
	
	
	

	8.  Crop waste
	
	
	
	

	9.  Straw/shrubs/grass   
	
	
	
	

	10. None            
	
	
	
	

	11. Other (Specify) __________________
	
	
	
	






	SECTION H:  Lighting 

	H1. What is the main and alternative source of energy for lighting?
1.  Electricity (Generator)    2. Electricity (Battery)      3.  Rechargeable Battery Lamps         
4.  Solar Lantern                5. Electricity (Solar Home System)         6.  LPG 
7.  Candle                          8. Paraffin               9. None                  10. Other (Specify) ____________
	Main
	

	
	Alternative
	

	H2. How much energy did you use for lighting in the last year and how much did it cost?

	Energy Sources
	Energy source used
(Tick answer)
	Unit
	Quantity used
	Expenses (Maloti)

	1.  Electricity (Generator)
	
	
	
	

	2.  Electricity (Battery)
	
	
	
	

	3.  Rechargeable Battery Lamps
	
	
	
	

	4.  Solar latern
	
	
	
	

	5.  Electricity (Solar Home System)
	
	
	
	

	6.  LPG
	
	
	
	

	7.  Candle
	
	
	
	

	8.  Paraffin
	
	
	
	

	9. None
	
	
	
	

	10. Other (Specify)___________________
	
	
	
	

	H3. What type of light bulb do you use? (multiple responses) For those coded 1 to 5 in H1 

	Type of Bulb
	How many do you have?
	What is the capacity of the bulb per category?
	How many minutes are they switched on per day?

	1. Energy saver (compact florescent)
	
	
	

	2. Florescent tube
	
	
	

	3. Incandescent (Ordinary) globes
	
	
	

	4. LED (Light Emitting Diode)
	
	
	

	5. Other (Specify)_____________________________
	
	
	

	H4. If you currently do not use electricity for lighting, how much are you willing to pay for electricity for these purposes per month? (Maloti)
	



	SECTION I:  Future Potential 

	I1. Are you planning to move away from the village in the next five years? 
If coded 2, skip to I3                               1 Yes      2 No  
	

	I2. What are the main reasons to leave your place of residence? (multiple response)
1 Job deficit      2 Better economic conditions in the assumed place of residence        3 Family reunion 
4 Admission of studies              5 Health reasons   6 Others (specify)______________________
	

	I3. Are you planning to purchase following electrical appliances in the next five years?
(multiple responses)

	1. Refrigerator
	
	2. Electrical geyser
	
	3. Chest /Deep freezer
	
	4. Electric stove
	

	5. Electric heater
	
	6. Washing machine
	
	7. Dishwasher
	
	8. Tumble dryer
	

	9. Hoover
	
	10. Hair Dryer 
	
	11. Television (CRT) 
	
	12. Television (Flatscreen)
	

	13. Television LCD
	
	14. Desktop computer
	
	15. Laptop
	
	16. Air conditioner            
	

	17. Iron
	
	18. Electric Kettle/element
	
	19. Bread Maker
	
	20. Toaster
	

	21. Microwave
	
	22. Electrical pot
	
	23. Electrical hair clipper
	
	24. Phone charger              
	

	25. Other Specify
	
	
	
	
	
	
	

	I4. Are you planning to buy following electrical sources in the next five years? (multiple responses)

	No
	
	Solar PV
	
	Generator (gas)
	
	Car battery
	



[bookmark: _Toc523405096]Questionnaire commercial
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2018 COMMERCIAL ENERGY SURVEY 
FOR PRE-FEASIBILITY REPORTS ON MINI-GRIDS
SECTION A

	Identification information Codes

	District
	
	
	

	Zone
	
	

	Settlement type
	
	

	Village
	
	
	

	GPS exact site
	
	
	

	Physical address
	
	
	

	Name of the company/institution
	
	
	

	Name of the holder
	
	
	

	Gender of the holder
	female = 1, male = 2
	

	Contact details
	
	

	Name of Respondent (if not identical with the holder)
	

	Staff details                                                                                                                         

	Name of Enumerator
	

	
Date of interview
	

	Name of Supervisor
	

	Response Details

	1  Completed
	

	2  Not Completed
	




SECTION B
ACTIVITIES AND ECONOMIC CHARACTERISTICS OF THE COMPANY/INSTITUTION
	B1. Main activities of the company /institution (multiple response)
	1. Crop cultivation 
	

	
	2. Livestock 
	

	
	3. Forestry 
	

	
	4. Government institution
	

	
	5. Education facilities (schools, tertiary education institutions)
	

	
	6. Health facilities (hospitals, clinics)
	

	
	7. Restaurants
	

	
	8. Hotels
	

	
	9. Food retail (supermarkets, kiosks, sales booths)
	

	
	10. Bakery
	

	
	11. Butcher’s shop
	

	
	12. Custom tailor
	

	
	13. Hairdresser
	

	
	14. Metalworking shop
	

	
	15. Mill
	

	
	16. Others  specify)______________________________
	

	B2. Ownership (tick)
	1. Individual
	

	
	2. Cooperative
	

	
	3. Private company 
	

	
	4. State company/institution
	

	B3. Number of employees in 2017

	Permanent
	
	Female
	

	
	
	
	Male
	

	
	Temporary
	
	Female
	

	
	
	
	Male
	

	B4. How much does your company/institution earn per month?
1. None                            2. Less than M500       3. M500-M999             4. M1,000-M1,999           5. M2,000-M4,999       6. M5,000-M10,000    7. M10,001-M50,000       8. M50,001-M99,999                                     9. M100,000-M199,999   10. M200,000 and above
	

	B5. Did your company/institution receive any subsidies/money transfers over the last year? If coded 2, skip to B7 
1 Yes 2 No
	

	B6. What is the value of the subsidies/money transfers (in Maloti) received over the last year?
1. Less than M500     2. M500-M999                3. M1,000-M1,999 
4. M2,000-M4,999     5. M5,000-M10,000        6. M10,001-M50,000   7. M50,001-M99,999 8. M100,000-M199,999  9. M200,000 and above
	


SECTION C
TOTAL ENERGY CONSUMPTION
C1. Which of the following hardcoal and biomass energy sources were consumed over the last year? 
	Product


(a)
	Amount paid (Maloti)


(b)
	Amount Used
(Kg)

(c)
	Used for (multiple answers)
1. 1. Space heating
2. 2. Water heating
3. 3. Cooking
4. 4. Fuel for production   process
5. 5. Steam production
6. 6. Electricity generation
7. 7. Auxiliary activities
8. 8. Other (specify) ____________________
(d)

	Hard coal
	
	 
	

	Charcoal
	
	 
	

	Wood
	
	
	

	Pellet
	
	
	

	Other (Specify) ____________________
	
	 
	

	C2. How does your company/institution usually pay for the energy sources?
1. Cash                          2. Via mobile phone                     3. Credit card
4. Bank transfer	      5. Other (Specify)__________________
	


C3. Did you consume solar electricity over the last year?
	Type of Renewable





(a)
	Capacity (Watts)





(b)
	Operation days 
(% period)




(c)
	Used for (multiple answers): 
1. Space Heating
2. Water Heating
3. Lighting
4. Other (Specify)__________
(d)

	Solar
	
	
	


C4. Does your company/institution want electricity in its facilities? 
1  Yes            2 No

C5. Do you think it is important for companies/institutions from your branch to have electricity?
1  Yes            2 No	

C6. Do you think electricity is expensive?
1  Yes            2 No

C7. How much is your company/institution willing to pay for electricty per month?
For those coded 1 in C4 							M____________
	C8. How would your company/institution prefer to pay for the electricity?
1. Cash                    2. Via mobile phone                   3. Credit card
4. Bank transfer	   5. Other (Specify)__________________
	




SECTION D
OCCUPANCY, BUILDING CHARACTERISTICS, OFFICES EQUIPMENT
OCCUPANCY
D1. How many days is your company/institution operating per week? 
D2. How many hours is your company/institution operating per day?
D3. How many months is your company/institution operating per year (e.g. schools)?

BUILDING CHARACTERISTICS
D4. Does your company/institution:
1 Covers one whole building 1 Yes 2 No 
2 Covers more than one building 1 Yes 2 No               If yes, how many? 
3 Is in the multi-storey building with other services 1 Yes 2 No              













D5. Which characteristics does the buildings(s) which your company/institution occupies have?
	
Building
	
Construction period
1 Before 1966
2 1966- 1975
3 1976- 1985
4 1986- 1995
5 1996-2005
6 2006- 2015
7 After 2015
8 Don’t Know
(a)
	
Total Area (mSq)






(b)
	
Heated Area (mSq)






(c)
	
Cooled Area (mSq)






(d)
	
Is the building(s) insulated in any way?

1. Yes
2. No

(e)

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	


OFFICES EQUIPMENT
Space Heating/Space Cooling equipment
D6. Which of the following central air-conditioning systems were in operation over the last 12 months?
	Type of System






(a)
	Energy source 
1.Electricity
2.LPG
3.Other (specify) ___________

(b)
	Used for Heating
Annual hours 
(f)
	Used for cooling
Annual hours 
(j)
	No. of units




(k)
	Capacity







(l)
	Units
(kW, kcal/ hr, BTU/ hr)


(m)

	
	
	Month/ year
(c)
	Day/ week
(d)
	Hours/ day
(e)
	Month/ year
(g)
	Day/ week
(h)
	Hours/ day
(i)
	
	
	

	Heat Pumps 
	
	
	
	
	
	
	
	
	
	

	Absorption coolers
	
	
	
	
	
	
	
	
	
	

	Other (specify)
__________
	
	
	
	
	
	
	
	
	
	


D7. Which of the following central heating systems were in operation over the last 12 months?
	Energy source




(a)
	Operation
Annual hours (Month/year; day/ week; hours/day) (e)
	Number of units



(f)
	Capacity




(g)
	Units
(kW, kcal/hr, BTU/hr)

(h)

	
	Month/year
(b)
	Day/week
(c)
	Hours/day
(d)
	
	
	

	Diesel 
	
	
	
	
	
	

	LPG 
	
	
	
	
	
	

	Pellet 
	
	
	
	
	
	

	Wood 
	
	
	
	
	
	

	Other 
specify)__________
	
	
	
	
	
	


D8. Which of the following independent heating/cooling systems were in operation over the last 12 months?
	Type of System






(a)
	Energy sources
1. Elec-tricity
2. Other (specify) _________

(b)
	Used for heating
Annual hours (Month/year; day/week; hours/day)
(f)
	Used for cooling
Annual hours (Month/year; day/week; hours/day)
(j)
	No. of units





(k)
	Capa-city






(l)
	Units
(kW, kcal/ hr, BTU/ hr)


(m)

	
	
	Month/ year
(c)
	Day/ week
(d)
	Hours/ day
(e)
	Month/ year
(g)
	Day/ week
(h)
	Hours/ day
(i)
	
	
	

	Split A/C units with inverter
	
	
	
	
	
	
	
	
	
	

	Split A/C units without inverter
	
	
	
	
	
	
	
	
	
	

	Electric oil heater
	
	
	
	
	
	
	
	

	Electric resis-tance heater
	
	
	
	
	
	
	
	

	Other (specify) 
_________
	
	
	
	
	
	
	
	
	
	


D9. If your company/institution currently does not use electricity for heating/cooling, how much is it willing to pay for electricity for heating/cooling purposes per month?							M______________
Lighting 
D10. What lights are used in your company’s/institution’s building(s) (in offices, retail facilities, production facilities, any kind of rooms, medical wards, corridors, toilets, and external areas)?
	Type
	Capacity (W)
(a)
	Number
(b)

	Incandescent
	
	

	Fluorescent
	
	

	LED
	
	

	Other (specify)
 __________________________
	
	



D11. Are there light sensor controls for operating the lighting in service areas (staircases, toilets etc.)? 1 Yes 2 No 
D12. Are there motion sensors controls for operating the lighting in service areas (staircases, toilets etc.)? 1 Yes 2 No
D13.  If your company/institution currently does not use electricity for lighting, how much is it willing to pay for electricity for lighting purposes per month?
	M______________
Small Equipment
D14. Which of the following equipment were in operation over the last 12 months?
	Equipment

(a)
	Number

(b)
	Average Age (years)
(c)
	Hours of use per day
(d)

	Desktops
	
	
	

	Monitors/Screens
	
	
	

	Laptops
	
	
	

	Servers
	
	
	

	Printers/copiers
	
	
	

	Household appliances (microwaves etc) 
	
	
	

	Other (specify) ______________________________
	
	
	


Cooking
D15. Are there cooking facilities in your company’s/institution’s building(s)?
1 Yes 2 No               If coded 2 skip to D18
D16. Which is the main energy source used for cooking?
1 Electricity    2 LPG    3 Wood    4 Other (specify)___________
D17. If your company/institution currently does not use electricity for cooking, how much is it willing to pay for electricity for cooking purposes per month?
M______________
Refrigeration
D18. Are there refrigerating equipment for food or medical uses in your company’s/institution’s building(s)? 1 Yes 2 No            	If coded 2 skip to Section E
D19. How many refrigerators and freezers with what capacity are used?
	Type
(a)
	Number
(b)
	Capacity (liters)
(c)

	Refrigerators
	
	

	Freezers
	
	

	Laboratory fridges
	
	

	Blood plasma freezers
	
	

	Other (specify)
________________________
	
	


D20. If your company/institution currently does not use electricity for refrigeration, how much is it willing to pay for electricity for refrigeration needs per month?                                                                                 M______________
SECTION E
ELECTRICITY AND HEAT GENERATION 
E1. Did you generate electricity with solar panels over the last year? 
1 Yes     2 No                      If coded 2 skip to E3




E2. Please describe the use of solar panels
	Id
	Number of panels






(a)
	Capacity of panels (Watts)






(b)
	Used for (multiple response):
1. Lighting
2. Space heating
3. Cooking
4. Irrigation
5.  Other (specify) _______________
(c)
	Operation time
Please provide an average of:
(g)

	
	
	
	
	Hours/day 




(d)
	Days/ month



(e)
	Months/year



(f)

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	
	
	
	
	
	
	



E3. Did you generate electricity and/or heat with generators over the last year?  1 Yes   2 No                  If coded 2 skip to Section F
E4. Please describe the use of generators
	Id
	No.











(a)
	Capacity (kW)










(b)
	Type of fuel used

1. Diesel 50ppm
2. Diesel 500ppm
3. Lead replacement petrol (LRP)
4. Unleaded petrol
5. LPG
6. Other (specify) 

_______________
(c)
	Used for
(multiple response):
1. Heating
2. Lighting 
3. Irrigation
4. Other (specify)

__________


(d)
	Operation time
Please provide an average of:



(h)

	
	
	
	
	
	Hours/day



(e)
	Days/month



(f)
	Months/year



(g)

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



SECTION F
FUTURE POTENTIAL
F1. Are you planning to replace one or various units by other units in the next five years? 1 Yes 2 No                  If coded 2 skip to F4

F2. Which units do you want to replace? 
 
F3. How in your opinion will replacement of units affect your energy consumption?
1 It will increase energy consumption    2 It will reduce energy consumption
3 Energy consumption will remain unaffected    4 I don’t know 

F4.  Are you planning to deploy following activities in the next five years?
F4.1. Installing new energy consuming systems or technologies 1 Yes 2 No            
F4.2. Switching fuel 1 Yes 2 No            
F4.3. Change industrial processes 1 Yes 2 No             
If coded 2 in F4.1, F4.2 and F4.3 skip to F11

F5. Which systems or technologies do you want to install? Only for those with code 1 in F4.1.



F6. To which fuel do you want to switch? Only for those with code 1 in F4.2.


F7. Which industrial processes do you want to change? Only for those with code 1 in F4.3.


F8. How in your opinion will activities in F4 affect your energy consumption?
1 It will increase energy consumption    2 It will reduce energy consumption
3 Energy consumption will remain unaffected    4 I don’t know

F9. Are you planning to buy following electrical sources in the next five years?
1. Solar PV              2.  Generator              3. Car Battery  

F10. Are there any plans to upgrade your company’s/institution’s building(s) in the next 1-5 years by doing the following: (multiple response)   
If coded 2 in all go to F11
If coded 1 in any of the responses, don’t answer F11                                           
1 Replace the light bulbs: 1(a) with CFL           	1(b).  with LED               
2 Install a Solar Water Heater             		3 Insulate the walls                 
4 Replace the windows            			5 Fit a ceiling             
6 Other (specify)_________________
F11. If you are not planning any mentioned activities, what are the main constraints against deploying these activities? (multiple answer)
1 Low quality of products
2 High purchasing costs 
3 High interest rates on commercial loans
4 High installation/labour costs 
5 Lack of device on local market 
6 Don’t know which is best choice 
7 I do not know about these technologies  
8 Other (specify): ___________________________________ 
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