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Abstract 

Lack of capital is one of the most common barriers for rural electrification in Mozambique. High 

upfront costs combined with high risks constitute some of the largest obstacles for the 

development of electricity access. Situated in the northern province of Cabo Delgado in 

Mozambique is the fisherman’s village Quirimize. The main source of income in the village is 

fishing. The fishermen currently sell their fish at low prices to traders that transport it to sell at 

larger markets to a higher price. The fishermen in the village have expressed a demand for access 

to ice, as this would shorten the value chain and allow the fishermen to sell directly to the larger 

markets. This would lead to an increase in income for the fishermen. Access to ice could be made 

possible by installing an energy system providing electricity for ice production. This report is an 

evaluation of suitable financing for the implementation of an Emergency Energy Module (EEM), 

a hybrid energy system that generates electricity from a combination of renewable energy 

techniques. The EEM has been developed by the research umbrella organization EXPLORE 

Polygeneration. 

The evaluation has been conducted through field studies in Quirimize, as well as interviews with 

relevant actors working with rural development within the energy sector. The fishermen’s 

solvency for ice is estimated, as well as the ice demand. Two system configurations are proposed 

as alternatives for implementation. 

Based on the cash flow analysis conducted in this report, the implementation of an EEM would 

gain steady revenues from ice sales, making it possible to finance the system by a loan. 

Investigations showed that for a successful implementation of a rural energy project, there is not 

only a need for technical knowledge and financing, but also knowledge about the local area and 

its inhabitants. This can be provided by an actor that has carried out similar projects in the area. 

For the project evaluated in this report, examples of such actors are the National Institute for the 
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Development of Small-Scale Fisheries (IDPPE), the Sanitation Group of Bilibiza (GSB), and the 

Development Aid from People to People (ADPP).  

Sammanfattning 

Brist på kapital är ett av de vanligaste hindren för elektrifiering av Moçambiques landsbygd. Höga 

initiala kostnader i kombination med betydande risker utgör några av de största barriärerna för en 

ökad tillgång till el. Beläget i Moçambiques nordligaste provins, Cabo Delgado, är fiskebyn 

Quirimize vars huvudsakliga inkomstkälla är fiske. Fiskarna i byn säljer för närvarande 

majoriteten av sin fångst till handelsmän för låga priser. Handelsmännen transporterar i sin tur 

fisken vidare till större marknader, där den säljs för avsevärt högre pris. Fiskarna i byn har 

uttryckt ett behov av is, då det skulle förkorta värdekedjan och möjliggöra för fiskarna att sälja 

direkt till de större marknaderna. Detta skulle innebära ökade inkomster för fiskarna.  

Genom att installera ett energisystem som kan producera el för drift av en ismaskin kan tillgång 

till is göras möjlig. Denna rapport är en utvärdering av lämpliga finansieringsalternativ för 

implementering av en Emergency Energy Module (EEM) i Quirimize. En EEM är ett 

hybridsystem som kan producera elektricitet från en kombination av olika förnybara 

energitekniker. Systemet har utvecklats av forskar-paraplyorganisationen EXPLORE 

polygeneration. 

Undersökningar och analyser har genomförts under fältstudier i Quirimize, samt intervjuer med 

aktörer relevanta för utveckling inom den lantliga energisektorn. Fiskarnas solvens för is 

uppskattas, liksom efterfrågan på is. Två systemkonfigurationer föreslås som alternativ för 

implementering. 

Baserat på kassaflödesanalysen som genomförts i denna rapport skulle implementeringen av en 

EEM i Quirimize innebära stadiga intäkter från försäljning av is. Detta pekar på att ett lån är ett 

lämpligt finansieringsalternativ. Undersökningar visade att det inte bara finns ett behov av teknisk 

kunskap och finansiering för ett lyckat genomförande av projektet, men även kunskap om det 

lokala området och dess invånare. Detta kan tillhandahållas av en aktör med erfarenhet från 

liknande projekt i området. Exempel på aktörer relevanta för detta projekt är det Nationella 

Institutet för Utveckling av Småskaligt Fiske (IDPPE), Sanitetsgruppen i Bilibiza (GSB), och 

Hjälp för Utveckling från Människa till Människa (ADPP). 
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              €/W  Cost genset 

           €/Wp  Cost solar PV 

      €  Net annual cash flow for year t 

     days/year Operating days for gasifier/genset 

         days/year Operating days for solar PV 

     Wh/h Electricity demand per hour for device d 

       € Annual fuel expenditures for year t 

      kWh/year Electricity generation by gasifier/genset 

                                                                €  Annual expenditures from investment 

activities year t 

                                                               € Annual expenditures from operation                               

activities year t 

         € Annual O&M expenditures year t 

                                                              € Annual expenditures for replacement of 

equipment year t 

     kWh/year Electricity generation by solar PV 

     kWh Electricity generation year t 

       € Total annual expenditures year t 

                                                             kWh Daily electricity demand for cell phones 

and lamps  

            kg/h Fuel consumption for the gasifier 

          l/h Fuel consumption for the genset 

     € Fuel expenditures year t 
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                                                               h                   Average charging time per device 
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             € Investment expenditures batteries 

           € Investment expenditures for one battery 
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system 

            € Investment expenditures gasifier 
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                                                             € Average price of two different types of        

ice boxes 

             € Investment expenditures ice boxes 

               € Investment expenditures ice machine 

                                                               € The average monthly income of a 

fisherman 

             € Investment expenditures rope pump 

         € Investment expenditures solar PV 

     € Investment expenditures in year t 

                                                                € Investment expenditures for system A 

year t 

                                                                € Investment expenditures for system B 

year t  

                                                            €/kWh Average lifetime levelized cost of 

electricity generation 

     kJ/kg  Latent heat of fusion of ice 

           kg/h Maximum mass of ice produced per hour 

       kg/day  Mass of ice that melts for section j 

       kg/day  Mass of fish to be chilled for section j 

                                                                kg/month Average amount if ice bought in one 

month 

                                                               € Operations and maintenance 

expenditures in year t 

                                                              € Maintenance expenditures for system A 

year t 

                                                              € Maintenance expenditures for system B 

year t 

    year Economic lifetime of the system 

              Number of batteries in the system 

            Average number of cell-phone charging 

services bought in one month 

      Number of devices charged each day 

        Number of sample ice machines 

              Number of ice boxes 
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       Average number of lamps rented in one 

month 

                                                            % Operation and Maintenance cost 

genset/gasifier/ice 

machine/batteries/control system 

                                                            % Operation and Maintenance cost solar 

PV 

                                                        €/phone Price per charging of cell-phone 

        W  Running power of genset 

                                                              W Running power of ice machine based on 

latent melting heat of water 

                                                             W Arithmetic mean running power of ice 

machine 

         W Running power of ice machine i 

       €/kg Price for ice 

        €/lamp Price for renting one lamp 

         Wp Installed capacity of solar PV 

    % Discount rate 

                                                          € Annual revenues from charging of cell-

phones year t 

                                                             € Annual revenues from renting lamps year 

t 

                                                               € Annual revenues from ice sales year t 

       € Total annual revenues year t 

     oC Initial temperature of fish 

     oC  Final temperature of fish 

       Wh/kg Latent melting heat for water 

                                                       % Willingness to pay for charging of cell-

phones 

                                                            % Willingness to pay for service ice 

                                                         % Willingness to pay for renting of lamps 
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1 Background  

Energy is one of the most important components for increasing the standard of life and 

stimulating growth around the world. Access to affordable and reliable energy is essential for 

enhancing productivity and reducing poverty in developing countries. One of the most common 

ways to access energy is via electricity. Today 1.3 billion people in the world have no access to 

electricity (IEAa, 2013). While it is possible providing the world with modern energy by 2030, it 

requires the current annual investments to increase fivefold. To achieve this, all types of 

investment and financing needs to grow and to increase the potential for the end-user finance it 

is necessary to overcome the issue of the initial capital cost (IEA, 2011). 

Mozambique has a population of 23.3 million people, where only 15 to 20 % have access to 

electricity (Mahumane et al., 2012). One of the villages without electricity access in Mozambique 

is the village Quirimize, located by the Indian Ocean in the northern province of Cabo Delgado. 

A previous bachelor thesis showed that this fisherman’s village with a population 900 people has 

a great potential for economic growth if they could gain access to modern energy (Allmér and 

Norström, 2013). Energy could be used to produce ice, which would increase their possibilities to 

export the fish to bigger markets in the province. 

The above presented problem can be solved by using an off-grid solution for access to electricity. 

The term off-grid means that a system is not connected to the national grid. Expanding the 

national grid is an expensive, as well as long and complicated process. Due to Quirimize’s remote 

location it could also be very difficult. Off-grid solutions can for such conditions be a more 

viable option for providing 

access to electricity, both 

economically and 

technically. 

The Emergency Energy 

Module (EEM), displayed in 

Figure 1, is a module 

designed to produce 

electricity and clean drinking 

water for areas that have 

suffered from natural or 

anthropogenic disasters 

(EXPLORE Polygeneration, 

2013). It can also be an off-grid solution for rural areas not connected to the national grid. The 

module is a polygeneration system and can as such be powered from a number of different 

sources, depending on the local conditions. Possible power sources are solar cells, wind power 

and biomass. The energy sources are tied together via a power router and the energy is stored in 

batteries (EXPLORE Polygeneration, 2013).  

The EEM is a part of the research project EXPLORE Polygeneration (EXPLORE 

Polygeneration, 2013). The project involves students and researchers at the Royal Institute of 

Technology (KTH) in Stockholm, as well as students at the international master’s program Select. 

For more information visit: www.explore-polygen.com. Students from this master’s program 

have, together with the researchers at the Department of Energy Technology at KTH, projected 

one EEM to be erected in Kenya during year 2014-2015 (Lykissa et.al, 2013).  

Figure 1, Emergency Energy Module (EXPLORE Polygeneration, 2013) 
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2 Problem formulation and goals 

In this chapter the project formulation and project aims will be specified and described. 

Furthermore the constraints made in the report will be presented.  

2.1 Project formulation 

Previous field studies have shown that an EEM could be a viable solution for providing modern 

energy to the village Quirimize in Mozambique. Representatives of the village have expressed a 

strong demand for ice in order to increase revenues from fishing (Allmér and Nordström, 2013). 

This report will therefore investigate the financing possibilities for an EEM implementation, with 

the purpose to increase revenues from fishing and to promote a productive use of electricity. The 

target group when dimensioning the system will thus be the fishermen in the village. The 

installation of an EEM will require a technical as well as an economic specification. This report 

will present a proposition for the long-term financing and management of an EEM in Quirimize. 

Moreover the proposition will include costs for initial investments, maintenance and take into 

account possible service and reparation costs. A sensitivity analysis will be included and the price 

for different technical solutions will be assessed.  

For a sustainable economic solution the village cannot be dependent on external financiers. 
Therefore the financing plan will include a strategy to provide end-user financing to sustain and 
uphold the energy system.  

2.2 Project objectives 

This report aims to facilitate the process of financing an EEM in Quirimize by presenting a long-
term financing plan for the system. The report shall be applicable as a model case for similar 
investments in rural parts of developing countries. For a clearer understanding of how to reach 
the overall goal, it has been divided into the following sub goals: 

 

- Investigate potential financing models through literature research and interviews with 
interesting and competent actors.  
 

- Decide the amount of ice and electricity needed to enable the development of a fishery 
business in the village. Information will be gathered through interviews with inhabitants 
of Quirimize, professional fishermen as well as through literature studies. 

 

- Investigate the possibilities for sponsorship and funding from actors in Mozambique 
 

- Propose a technical design of the EEM based on the parameters affordability, consumer 
confidence and maintenance requirements.  
 

- Decide the distribution of responsibility for maintenance of the EEM.  

2.3 Constraints 

The following constraints have been made for this report: 

- The proposed technical design will not include an extensive description of the technical 

properties of the components and their integration. 

- It will not analyze the legal aspects of conducting the project or the effect they might 

have on the implementation of the module.  
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- Possible tax benefits will not be included in the financial proposal, as this would require 

judicial knowledge as well as research into legal aspects. 

- The report will not provide a plan for the supply chain of the components for the 

module. 

- The report will assume distribution of electricity via a collective charging station for cell 

phones and lamps, as well as an ice machine. Distribution via mini grid will not be 

considered. 

- The report will focus on the financing of small scale energy project for end users with 

poor payment capacity and thus exclude financing models and strategies for larger 

projects and projects with high security.  

- Production of ice requires a large supply of clean water. This report will not investigate 

the local geological conditions for clean water supply nor will it provide a comprehensive 

evaluation of the different techniques for water provision. 

3 Literature study 

The literature study will provide information about Quirimize and the Emergency Energy 

Module. It will also present relevant information on the investment climate globally and 

nationally in Mozambique, and in the renewable energy sector. It should provide an overall 

understanding of the important stakeholders within the energy sector as well as a description of 

possible financing models. The literature study will also account for the method and models used 

for calculations later in the report. 

3.1 Energy situation in Cabo Delgado 

Cabo Delgado is the northernmost province of Mozambique and the provincial capital is the city 

of Pemba. The province has approximately 1.6 million inhabitants and is divided into 16 districts 

with four municipalities: Mocímbo da Praia, Montepuez, Mueda and Pemba (FUNAEa, 2014).  

 

Figure 2, Map of Cabo Delgado (Google maps, 2014) 

The National Fund for Rural Electrification (FUNAE) has registered renewable energy projects 

for grid connection with a total capacity of 873 MW in the province, where the prioritized 
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projects make up a total capacity of 110 MW and the non-prioritized 763 MW. Hydropower 

projects constitute almost the entire capacity of the priority projects, while solar power generates 

merely 2 MW.  Biomass and wind energy projects are all non-prioritized for grid connection, as 

well as a large part of the registered solar projects. Table 1 shows the mean annual parameters for 

renewable resources in the province (FUNAEa, 2014).  

        Parameter                   Value 

Wind speed 5.2 m/s 

Solar irradiation 2001.8 kWh/m2 

Biomass potential 4.5 kW/ha 

Table 1, Mean annual parameters for renewable resources in Cabo Delgado (FUNAEa, 2014)  

Recommended wind speed for small-scale generation is 5 m/s and the average of Cabo Delgado 

is 5.2 m/s, as illustrated in Table 1. These conditions are not ideal for wind power to be a suitable 

alternative for electricity generation. Furthermore FUNAE argues that even with rich wind 

resources the high intermittency of wind power suggests increased initial costs for batteries 

compared to solar PV (FUNAEa, 2014).  

The mean annual temperature in Cabo Delgado is 26.4 oC, with higher temperatures in 

December to March/April, and lower temperatures in April/May to November. During 

November/December to March, the province is subjected to large amounts of precipitation, 

illustrated in Diagram 1 (Climatedata, 2014). 

 

Diagram 1, Mean monthly percipitation as measured in Pemba, Cabo Delgado (Climatedata, 2014) 

During 2010 and 2011 large quantities of recoverable natural gas were discovered off-shore of 

Cabo Delgado by international oil companies (ICF, 2012). This has led to plans for investing 

more than 100 million Euros in infrastructure to secure the logistics and development of natural 

gas. In Palma, there are plans for building a new port as well as a liquefied gas (LNG) factory 

(allafrica, 2014). 

3.2 Quirimize 

Quirimize (12°12'28.80"S 40°30'26.30"E), marked in Figure 3, is situated in the district of 

Macomia, Cabo Delgado,  and has a population of approximately 900 people in 215 different 

households. There is currently no grid connection in the village, but the villagers have access to 

small solar panels with charge batteries. The village lives mostly of fishery, but there is also some 

agricultural work. The fishing is carried out by the men in the village and the women take care of 
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the children and the cooking as well as the fields. Interviews conducted with the villagers by 

Allmér and Norström in Quirimize showed that they were willing to pay between 10-12 percent 

of their average monthly income for electricity (Allmér and Norström, 2013). The average 

monthly income for a fisherman in the village is 70.7 €.  

 

Figure 3, Map with location of Quirimize (Google maps, 2014) 

3.2.1 Fishing structure 

There are approximately 250 fishermen in Quirimize. They fish mainly in one of two ways: alone 

or in a group. A group consists of 16 people and there are 3 of these groups in the village 

(Quirimize, 2014). Both the groups and the individual fishermen fish once per day. This is carried 

out for a period of 10 days, and thereafter follows a period of 5 days were no fishing is conducted 

due to fishermen letting the fish stocks recuperate. The 10 days of fishing falls in time with the 

high tide and the 5 days of rest with the low tide. The same pattern applies for the entire year 

(Quirimize, 2014). 

A fisherman fishing alone can catch up to 10 kg in one day, whereas a group catches between 70-

100 kg in one day. The amount of sold fish was stated to approximately 80 % of the total daily 

catch. Currently the fishermen sell their fish within the village or to local fish traders who go to 

Quirimize with ice and cooling boxes to buy the fish. The traders later sell the fish at bigger 

markets such as Montepuez, Macomia and Pemba, see Figure 3 (Quirimize, 2014). Interviews 

with the fishermen showed a great desire for ice and they expressed a willingness to pay of 0.12 

€/kg ice, which is what the traders currently pay for ice in Macomia (Afonso, 2014). 

3.2.2 Loan and savings experience 

According to one representative of a saving group in the village there are currently five organized 

saving groups in Quirimize. The savings groups have been implemented by the Aga Khan 
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Foundation, which has introduced and trained the villagers in organizing the saving activity. The 

savings groups consist of 25 members each, where one president is responsible for keeping a box 

containing the group’s accumulated savings as well as a savings protocol. The key to the box is 

held by three other group members (Quirimize, 2014).  

Each member of a saving group is obliged to save a minimum of 0.12 € per day. All savings are 

collected once a week during a group meeting where each member will contribute the week 

minimum of 0.84 €. However, a member can choose to contribute more than the minimum 

amount to the collected savings (Quirimize, 2014).  

A group loan will be lent to a member of the saving group with an interest of 10 %. The payback 

time for a loan is one month and if the deadline is exceeded the interest doubles for each month 

overdue. To clarify, this means that a payback time longer than one month up to two months 

equals an interest of 20 %, while a payback time longer than two months up to three equals an 

interest of 40 % (Quirimize, 2014).  

The experience of external loans in Quirimize is limited to government loans without interest 

rate. According to the village chief approximately ten inhabitants in Quirimize has benefited from 

the government loans. The size of the loans has increased from approximately 500 € up to 1900 € 

as the village has proved credibility when succeeding to pay back the loans. The loans have 

mainly been used for investments in agriculture and fishing. A president of a saving group in 

Quirimize mentioned that the lack of interest creates a market failure, as the inhabitants are 

reluctant to borrow from commercial lenders or from the local saving groups (Quirimize, 2014). 

3.3 The Emergency Energy Module 

The EEM is a stand-alone, off-grid hybrid system. It is originally designed to provide electricity, 

heat, cooling and clean water to areas that have suffered from natural disasters. It can however 

also be used on remote locations that are not connected to the national grid. Power generation 

can be achieved through a combination of solar panels, wind turbines and biomass conversion or 

diesel genset.  It also contains a power router and batteries for energy storage (EXPLORE 

Polygeneration, 2013). The following section is a description of the components and appliances 

relevant for the implementation of an EEM in Quirimize.  

3.3.1 Overview of system 

Figure 4 illustrates an overview of the possible components for an EEM in Quirimize. The upper 

row is the components providing energy to the system. These are connected to a control system 

that is needed to access derived electricity for the chosen equipment, illustrated in the lower row. 
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Figure 4, Overview of EEM system 

3.3.2 Electricity generation from solar power 

Solar cells, also called photovoltaic (PV) cells, are the most commonly used technology for 

generating electricity through solar radiation (Chu, 2011). PV cells convert light into electricity 

using the “PV effect”. The “PV effect” arises when two dissimilar, semiconducting materials in 

close contact are struck by light and produce voltage (Britannica, 2014). Crystalline silicon PV 

cells constitute 85-90% of the current global market, with a conversion efficiency1  between 13 % 

to 20 % and an average lifetime of 25 years (IEAb, 2013). 

Prices for PV modules are generally measured in currency per “DC Watt peak”, Wp. This is 

based on the output power of the module under standard test conditions, AM1.52 (IRENAc, 

2012). In tenders issued by FUNAE, the average price of PV panels is between 1 €/Wp to 2 

€/Wp. However, there is currently a solar PV factory planned in Maputo, where the panels 

planned for production are approximately 0.9€/Wp (Cloin, 2014). 

The market for PV panels is dominated by Chinese suppliers and has seen a continuing decline in 

cost of modules and underlying components (WEC, 2013). Prices for PV in Mozambique 

however, remain high due to the fact that there is no tax reduction for solar equipment. It is 

estimated that more than 1.0 MW PV capacity has been installed in Mozambique, mainly through 

FUNAE (IRENAa, 2012).  

3.3.3 Electricity generation from wind power 

A wind power station utilizes the wind caused by differences in air pressure and temperature. The 

blades of the wind turbine convert the wind into a force that spins the generator, thus converting 

the kinetic energy into electrical energy (DEEP EAa, 2014). Wind turbines suitable for utilization 

in the EEM are those classified as small, which equals a power output below 50 kW (ARE, 2012). 

To access smoother and stronger wind, the turbine needs to be elevated to a proper height. A 

                                                 
1 Conversion efficiency is defined as the ratio between electrical power output and the incident solar energy per 
second (IEAb, 2013). 
2 This is equal to solar insolation of 1000 W/m2 at a temperature of 25oC (IRENAc, 2012) 
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practical height for small-scale wind power is 10-20 m. It is important to assess the wind 

resources of the intended implementation site, as wind speeds below 5 m/s are unsuitable for 

wind power generation (DEEP EAa, 2014). 

The majority of the costs for wind power consist of the cost for the turbine. Older models of 

turbine currently decline in price as newer models with higher efficiency enter the market. Newer 

models are utilized mostly in areas with lower wind resources, as the turbines can extract more 

energy from lower wind speeds compared to the older models (WEC, 2013).  The price of a small 

wind turbines varies between 2.5 € to 7.5 € per W (ARE, 2011). 

Both wind turbines and solar photovoltaic cells have the advantage of harnessing free energy 

resources.  A disadvantage is however that both are non-dispatchable powers, and therefore not 

suitable to meet the base load unless some form of energy storage is used (Energyinformative, 

2013). Electrical energy storage is further discussed in 3.3.5 Electrical energy storage.  Wind power 

can however be plausible as a complement to solar power in hybrid systems, since colder months 

are generally characterized by more wind and warmer months by more solar insolation (ARE, 

2012). Small-scale wind power in Mozambique is currently not developed and little focus is given 

to wind power-based projects (Cloin, 2014). 

3.3.4 Electricity generation from biomass conversion 

There are two types of processes for converting bioenergy into electrical power, thermal-chemical 

processes and bio-chemical processes. Thermal-chemical processes include combustion, 

gasification and pyrolysis, of which the first one is the most commercially mature technology 

(IRENAb, 2012). Bio-chemical processes include anaerobic digestion, a process in the absence of 

oxygen where materials react at low temperatures to produce biogas (FUNAEb, 2014).  

Combustion engines are divided into two types depending of the method of ignition used, spark-

ignition or compression ignition. They are generally driven by gasoline/petrol and diesel 

respectively. Liquid biofuels such as ethanol and plant oils can be substituted by gasoline/petrol 

and diesel. Pure plant oil, such as coconut oil, can so far only be used in compression-ignition 

engines while ethanol can be used in both types (Raghavan, 2010). Combustion engines could 

also use gas from gasification or anaerobic digestion (Biomass Energy Centre, 2014). 

The economic viability of electricity generated from biomass is determined by the feedstock, 

deployed technology, and scale of operation. Increasing the scale of operation increases the 

system efficiency and lowers the capital cost per unit of generation (IEAc, 2013). A diesel genset 

has an initial cost of approximately 0.28 €/W (ARE, 2009). 

Gasification of biomass can be carried out through two methods, gasification and anaerobic 

digestion. Gasification is a thermo-chemical process where materials react at a high temperature 

to generate gas (FUNAEb, 2014). Coconut shells are an example of solid biomass possible to 

utilize for power generation (Raghavan, 2010). The initial cost of a small-scale gasification system 

is approximately 1.1 €/W (Fulford and Wheldon, 2014, GEK gasifier, 2014). 

3.3.5 Electrical energy storage 

In a hybrid system such as the EEM, electrical energy storage can be a solution for problems 

connected to meeting a variable demand with fluctuating resources. It can compensate for when 

the renewable energy technologies provide less output, and thus increase system reliability 

(IRENAd, 2012). It is also needed if part of the purpose is to provide a charging station for 
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example lamps and cell phones (DEEP EAb, 2014). The physical properties of energy storage are 

defined by energy storage capacity (kWh or Ah), charge and discharge rates (kW or A), lifetime 

(cycle, years or kWhlife) and roundtrip efficiency (%).  Techniques suitable for systems with a 

capacity below 10 MW are lead-acid and lithium-ion batteries. They have a lifetime of 3-10 and 

10-15 years respectively, with an initial cost of 110 €/kWhcap to 370 €/kWhcap, and 370 €/kWhcap 

to 1100 €/kWhcap (IRENAd, 2012). The standard batteries used in the current EEM design are 

lead-acid batteries. For these batteries an average efficiency of 80 % can be assumed (Allmér and 

Norström, 2013).  

3.3.6 Configuration of hybrid systems 

The EEM will utilize a combination of above mentioned energy sources to generate electricity for 

several different outputs, and will need a control system for optimized resource utilization (Kosk 

et al., 2013). There are three principal technological solutions for how the sources for power 

generation can be coupled in a hybrid system; at an AC bus line, a DC bus line, or at both AC 

and DC bus lines (ARE, 2008).  

For an AC bus line, components generating AC power may be directly connected or via an 

AC/AC converter for the stability of the components. Sources generating DC power will need a 

DC/AC converter.  A master inverter will control the power supplied to the AC load and the 

battery.  For a DC bus line, components generating AC power will be connected to an AC/DC 

converter. Charging and discharging of the battery will be controlled by a charge controller, and 

the battery can supply DC load in response to demand. AC power can optionally be stored in an 

inverter for meeting AC loads (ARE, 2008). 

In a hybrid system using both AC and DC lines, the power generating components are connected 

to both sides of the master inverter with the use of converters. A charge controller will be used 

for the protection of the battery (ARE, 2008). See picture below. 

 

Figure 5, Hybrid system coupled at AC/DC bus lines (ARE, 2008) 

FUNAE has evaluated the following solutions for rural off-grid electrification in 10 000 villages:  

- Wind turbines with batteries 

- Jatropha oil engine 

- Solar PV with batteries 

- Pico-hydro power 

- Diesel engine 

- Two hybrid solutions: diesel engine in combination with wind turbine or solar PV 
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They concluded the least costly option to be a diesel engine in combination with solar PV, with 

the exception of some sites with suitable characteristics for Pico-hydro plants. Power plants using 

diesel engines do however require fuel logistics, and FUNAE has concluded that jatropha oil for 

burning in engines can be an interesting solution for regions with high agricultural productivity 

(FUNAEa, 2014).  

3.3.7 Ice production 

There are three possible solutions for production of ice in Quirimize; an ice machine connected 

to the electricity generation in the EEM as well as a water pump, a machine solely connected to 

the electricity generation, or a stand-alone technique (Daniel, 2014, Berglund, 2014, Vanek et al., 

1996). 

Figure 6 is an illustration of a stand-alone technique for a solar-powered intermittent absorption 

cooler for production of ice. The technique uses calcium chloride as salt and ammonia as a 

refrigerant. (Vanek et al., 1996) 

 

Figure 6, Layout of solar thermal icemaker (Vanek et al., 1996) 

The icemaker operates in day/night cycle, with bags of water placed in the collecting tank. 

Distilled ammonia is produced during the day where it flows out of the generator pipe as a hot 

gas into the condenser coil, where the gas condenses and drips into the storage tank. During the 

night cycle the generator decreases in temperature and the calcium-chloride reabsorbs ammonia 

gas, evaporating it into the collecting tank. The evaporating process removes large amounts of 

heat from the water in the collecting tank, turning it into ice. The bags of ice can then be 

removed and replaced with new bags of water for the next cycle (Vanek et al., 1996). Ice 

production for this equipment is estimated to 5 kg/m2 on a sunny day. Under the prerequisites of 

minimized transportation costs and low wages for construction, a solar ice maker with a collector 

area of 11 m2 can be implemented for less than 5117 €. This solution would require manual labor 

for replenishment of bags with water in the collecting tank for each cycle. It would also require 

the water to be previously purified in order to ensure clean ice (EC, 2014). 

Ice can be produced in different forms; the most common for production of large amounts of ice 

are in forms of blocks, flakes, tubes, and plates or as slush. Block ice has an advantage to other 

forms of ice in tropical countries, since ice in the shape of large blocks can simplify storage, 

handling and transport. For ice production in small-scale fisheries in remote areas simplification 

is an important aspect (Graham et al., 1992). 

An ice machine producing small cubes or flakers, common in more commercial use, would need 

to be connected to a power source and a water outlet (Berglund, 2014). A machine producing 
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bigger ice blocks (5-10 kg) would only need connection to electricity, but would require manual 

labor for putting in water to freeze. It would also require purification of water prior to 

production (Daniel, 2014). A model producing a minimum of 20 kg block ice per hour costs 

approximately 7700 €, and a model producing ca 6 kg small cubed ice per hour costs 3300 € 

(3pin, 2014). In Macomia, Cabo Delgado, ice blocks are currently produced and in a small-scale 

(Afonso, 2014).   

3.3.8 Water provision 

If there is no water pump at the intended implementation site, this will need to be installed in 

order to secure water access. Pumping of water can be exercised in two ways; manually by rope 

pumping or with an automatic pump powered by electricity. A manual rope pump has a 

maximum capacity of 35 ltr/min in a 10 m deep well. Maximum depth for a rope pump is 35 m, 

and the total cost including drilled bore hole is 510 € -730 € (GSBa, 2014). Though it is the most 

cost-efficient technique, a disadvantage of water pumping powered by manual labor is its limited 

capacity for water supply.  For villages without grid connection, solar powered pumping could be 

a viable option because its minimal operation and maintenance cost (Abraham, 2012). Depending 

on the depth of the bore hole and the geological conditions of the area, the water may not need 

to be purified prior to ice production or drinking (Cuamba, 2014). 

Technologies that have previously been evaluated for generating clean water in the EEM are 

ultrafiltration, ultra violet water treatment, reverse osmosis, membrane distillation and slow-sand 

filter. All of the mentioned techniques require electrical power with the exception of slow-sand 

filter. The techniques cost between 200 € and 1800 € depending on capacity (Syed et al., 2013, 

Kosk et al., 2013). 

Another option for purified water may be tablecloth filters. A filter is placed between two plastic 

containers. Contaminated water is put in the upper container, and flows through the filter into to 

the bottom container (Afonso, 2014). If this technique were to be used, the purification level of 

the filters would need to be evaluated. Since the particles causing diseases are bacteria and 

parasites, it is necessary that an implemented filter is capable of removing all unwanted particles.  

3.3.9 Operation aspects 

The maintenance of solar PV is relatively easy, where the most common technical problems are 

dirty modules or a misplacement reducing the efficiency. These are both problems that can be 

identified visually, and be avoided if necessary observation of the surrounding area is carried out 

prior to installment (ARE, 2011). Small wind turbines require audio and visual inspection as well 

as simpler physical inspection of wires and bolts once or twice a year. Heavier technical 

maintenance, such as refurbishment of rotor blades, might be required a couple of years after the 

installation. In the perspective if long-term operation, a problem with small wind turbines is the 

repair and replacement of parts. Local availability of spare parts are generally low and have to be 

shipped (ARE, 2012). 

The use of a biomass conversion technique or a diesel genset will require daily replenishment of 

fuels, but there is an advantage in using a diesel genset, as spare parts are easily accessible (ARE, 

2009). Batteries will require cleaning and replenishment of distilled water every other month 

(Kosk et al., 2013).  

In operation, a manual rope pump has the disadvantage of increased manual labor compared to 

an electrically driven pump. An advantage is however the simple construction, making it possible 
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to be repaired by the end-users and spare parts to be found at a local blacksmith (GSBa, 2014). 

As mentioned above, a solar powered water pump has very low operation and maintenance costs 

(Abrahamson, 2014). 

Energy systems such as the EEM, with an output bigger than a couple of watts and with several 

components will require professional maintenance since the complexity of the system makes it 

difficult to educate the local consumers in maintenance and operation (Cuamba, 2014). 

3.4 Productive use of electricity 

The definition of productive use of electricity is the utilization of electricity for activities 

generating income or value. The term is usually linked to activities that are directly connected to 

income generation, such as generating power for agricultural, commercial or industrial use (ARE, 

2008). Providing electricity facilitates growth through increased income, which drives the socio-

economic development and increases the affected communities’ ability to pay for the energy 

services provided. This is a key feature of a sustainable business model for rural electrification 

(IRENAe, 2012). 

Domestic electricity access for basic needs are generally not considered productive use, but does 

however generate positive externalities such as increased savings in expenses for example candles, 

kerosene for cooking, or disposable batteries. It also promotes development of small business 

activities such as sewing and handcraft, as well as increased health and education levels. Access to 

lighting during the evenings enable studying (ARE, 2008), and access to effective pumping 

capacity improves reliability of clean water access and sanitation (AGECC, 2010). Enhanced 

health and education levels can lead to productive use as people who are educated and healthy 

possess greater potential for income generation. The implementation of a hybrid system, such as 

the EEM, that provides electricity for domestic use as well as ice for the fishermen, would allow 

for all types of productive uses of electricity, and thus enabling rural development (ARE, 2008). 

3.5 Barriers for access to modern energy in rural areas 

To discuss the challenges of expanding modern energy access in the developing world, and 

foremost in Mozambique, a definition of the word “access” is needed. The International Energy 

Agency (IEA, 2011) defines modern energy access as “a household having reliable and affordable access 

to clean cooking facilities, a first connection to electricity and then increasing electricity consumption over time to 

reach the national average”. This definition includes the provision of cooking facilities that are not 

injurious to the health of those in the household. It also recognizes an initial period of growing 

consumption that is assumed to take place after the access has been achieved. The IEA also 

includes a level of minimal consumption that for rural households is set to 250 kWh per year. 

This definition does however not include electricity access to businesses and public buildings, 

which are crucial to economic and social development (IEA, 2011). The United Nations 

Development Programme defines the word “access” more thoroughly as a function of availability 

and affordability. Availability means being within the economic connection and supply range of 

the energy network or supplier, and affordability is when the households are able to pay the initial 

connection costs as well as the costs for their energy use (UNDP, 2011). 

High costs for energy use is one of the three key issues that The World Bank identifies in the 

African energy sector together with low access, insufficient capacity, and poor reliability (The 

World Bank, 2014). Poor, rural communities mostly live for the subsistence of their village and 

rarely possess an economic surplus. This obstructs their abilities to invest in modern energy 
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services and limits their purchasing power. Few communities can afford the high up-front costs 

related to modern energy services. This means, that even in the cases when grid-lines expand to 

remote rural areas, many households cannot afford the connection costs unless they are heavily 

subsidized (UNDP, 2011).  

The sub-Saharan Africa has the lowest installed generation capacity per million people compared 

to other developing regions in the world. Additionally the growth rate of the generation capacity 

is low, 1.4 % the last 20 years. This can be compared with 9 % in East Asia and 5 % in Pacific 

and South Asia (Gujba et al., 2012). 

To achieve universal energy access in the next decades, it is necessary to use a combination of on-

grid, mini-grid and off-grid solutions. The chosen technology should depend on the conditions of 

the area in question. The IEA has established that grid extension is best suited for urban areas 

and 30 % of the world’s rural areas, while 70 % of the rural areas are best suited for mini-grids or 

off-grid solutions. The sub-Saharan Africa is especially well suited for these solutions, as a 

relatively higher proportion of the people lacking electricity live in rural areas. It has proven more 

cost-efficient since there are no transmission or distribution costs (IEA, 2011). 

To achieve a sustainable market development with an off-grid solution, it will be important to 

consider four main groups of stakeholders; users of the technology, the supply chain, the policy 

makers and the financiers. None of these stakeholders can create a sustainable market alone, and 

it is therefore essential in any project to take into account the barriers each one of these 

stakeholder groups can encounter (Glemarec, 2012). In Table 2 the main barriers for each 

stakeholder is illustrated. 

 

Table 2, Key barriers for clean energy market development (Glemarec, 2012) 

3.6 Outlook on global energy investments  

In 2009 the total capital investments in modern energy access was appreciated to $9.1 billion 

globally by the IEA. Figure 7 illustrates the most common forms of investment as well as the 

main financing sources. The financing directed to energy access investments by domestic 

government and private sectors in developing countries constituted less than 1 % of the total 
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gross fixed capital formation3 the same year. Out of the total investments 52 % represents 

domestic government and private sector financing in the developing country, whereas the rest, 

that is 48 %, are international investments from multilateral organizations and bilateral Official 

Development Assistance (ODA). In Figure 7 the different financing sources are divided into 

separated groups, although in reality financing is often realized through cooperation between 

several actors (IEA, 2011).  

 

Figure 7, Financing modern energy (IEA, 2011) 

The global financial crisis has limited the future financing capability of multilateral and bilateral 

organizations. The unsure future of additional ODA calls upon an emerging need for an increase 

in future private investments. In order for private investments to increase an improved 

cooperation between stakeholders is necessary. Not only financial de-risking instruments are 

necessary, but also actions to eliminate non-financial risks and barriers, mentioned earlier in 

chapter 3.5 Barriers for access to modern energy in rural areas (Glemarec, 2012). 

As prices for fossil fuels increase, the profitability of these solutions decreases. Despite lower 

prices for renewable fuels the high investment costs remain a bottleneck for market development. 

To afford the installation of renewable energy systems partial subsidizing of investment and 

maintenance costs are important (Glemarec, 2012).   

3.7 Investment climate in Mozambique 

Mozambique was ranked 139 out of 189 in the Doing Business 2014 report issued by the World 

Bank. The index is based on 11 topics indicating the national business climate. The topics cover a 

number of parameters concerning trading and handling of contracts, which also include getting 

electricity and protection of investors. Focusing on the respective topic, protection of investors 

received the highest ranking of 52 while getting electricity is found at the bottom of the list in 

place 171 (The World Bank, 2013). 

On a national level the banks in Mozambique lack knowledge on the specifications of renewable 

energy projects. This results in high estimated risks and difficulties in getting credit for projects of 

this nature. The long financing tenors required for renewable energy projects often exceed the 

level set by the banks, which further problematizes financing approval. In order to get financing 

one must not forget the responsibility that lies on the project developer to present a commercial 

and lucrative project. This is an area where the capacity is lacking today. To decrease the gap 

                                                 
3 Definition by OECD: ”Gross fixed capital formation (GFCF) is defined in the national accounts as acquisition less 
disposals of produced fixed assets, i.e. assets intended for use in the production of other goods and services for a 
period of more than a year.” (OECD, 2009) 
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between entrepreneurs and financiers the consulting firms Swiss Capital Partners and Finantia 

have developed the social service portal Financing Mozambique which provides valuable 

information to entrepreneurs on various funding sources and advise on drafting documents and 

business plans (IRENAa, 2012). 

3.8 Non-Governmental Organizations (NGOs) 

A Non-Governmental Organization (NGO) is a non-profit organization that works to support 

issues for the public good. The organization consists of members that share a common interest 

and can be organized on a local, national or international level. An NGO is principally 

independent of the government and provides a various range of services and humanitarian 

functions. It can work to address public issues to the government, implement policies and 

programmes, and promote involvement of civil society stakeholders to community level 

(UNROL, 2014). In order to assure long-term survival of projects in rural areas it is essential that 

knowledge and capacity is available on a local level. To ensure available capacity and sustainability 

of a project, it is important to implement the project in corporation with a local organization or 

committee. They would then be able to assist end-users on the spot and provide education for 

management of the project (Afonso, 2014). The following chapters will present NGOs operating 

locally in the Cabo Delgado district and specifically with focus on geographic areas close to 

Quirimize. The NGOs mentioned below have experience in rural development within the energy 

sector. The section below does not mention all NGOs active in the Cabo Delgado area, but 

focuses on the organizations with experience relevant for this report.  More detailed information 

concerning projects implemented by some of the following organizations will be presented in 

3.13 Case studies. 

3.8.1 Development Aid from People to People (ADPP) 

Development Aid from People to People (ADPP) is a national Mozambican organization that 

operates across all provinces of the country. It currently employs 2000 people and the 

organization works closely with the government as well as local and international partners.  The 

work focuses on HIV/Aids prevention and care, community development and food security, and 

agriculture. In the renewable energy sector, ADPP works with biomass and solar energy projects. 

In Cabo Delgado 36 farmers have been mobilized to cultivate the jatropha plant, which can be 

used as a biofuel as well as for manufacturing of soap and bio pesticides. Furthermore the 

organization is implementing 40 solar charging stations for lamps and cell-phones in the Cabo 

Delgado province (ADPP, 2014).  A more detailed description of one of these projects is found 

in 3.13.1 ADPP implements small-scale solar panels in Quissanga district, Cabo Delgado. 

ADPP has a vast experience in working with communities on a local level. The organization has 

educated and trained Community Based Organizations, family members, volunteers, primary 

school teachers, farmers associations, community leaders and similar target groups. The work 

aims to create capacity within the communities (ADPP, 2014). 

3.8.2  Sanitation Group of Biliza (GSB) 

Sanitation Group of Bilibiza (GSB) is an NGO operating in the province of Cabo Delgado since 

2007. The organization focuses mainly on development within water and sanitation, agriculture, 

food security, and renewable energy (GSB, 2013). The Water and Sanitation (WATSAN) and 

Food project, partly implemented by GSB, is further described in 3.13.3 Water and Sanitation and 

Food project in Quissanga.  GSB works as a Community Based Organization to improve the living 
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standards of communities in rural areas and is taking action through implementation, training, 

education and organization of local committees. Within the renewable energy sector GSB has 

mainly worked with agro-energetic crops such as jatropha for production of biomass fuel. 

Between the years 2011-2012 GSB implemented four projects promoting production and use of 

jatropha, including plantation of jatropha crops. More information about the involvement of 

GSB in jatropha projects is found in 3.13.2 ADM jatropha project in Cabo Delgado. 

GSB is interested in continuing its work within the renewable energy sector and expanding into 

implementing charging systems powered by solar panels (Afonso, 2014). During interviews with 

employees at GSB an interest in working with projects for ice production in rural areas was 

expressed (Afonso, 2014, Gremo, 2014). 

3.8.3  Aga Khan Foundation (AKF) 

The Aga Khan Foundation (AKF) is a part of the Aga Khan Development Network (AKDM). 

AKDM consist of a group of development agencies operating within different focus areas 

(AKDM, 2014). AKF is focused on supporting vulnerable people in poor areas within the sectors 

of health, education, rural development, environment and strengthening of civil society. The 

foundation supports projects through financial and intellectual partnerships with local 

organizations sharing its interest. Most foundation grants are directed to grassroots projects 

aiming to test innovative solutions for generic problems. Mozambique is one of the AKF 

geographic focus areas (AKF, 2014). As mentioned in 3.2.2 Loan and savings experience, they are 

already active in Quirimize (Quirimize, 2014). 

3.8.4  HELVETAS Swiss Intercooperation 

HELVETAS Swiss Intercooperation has more than 30 years of experience in Mozambique. The 

organization is the largest development organization in Switzerland and it works with 

development in Mozambique with main focus on rural and semi-urban areas in northern 

Mozambique. HELVETAS is currently carrying out projects in water and sanitation, education, 

governance, food security and agribusiness, water for food, small water supply systems, post-

harvest management, cultural activity and women empowerment. The organization works in 

collaboration with governmental and non-governmental organizations as well as private sector 

(HELVETAS, 2014). 

3.8.5  Environmental Association of Cabo Delgado (AMA) 

The Environmental Association of Cabo Delgado (AMA) is an NGO founded in 1990. It is 

active in the Cabo Delgado province and the main focus of the organization is strengthening 

communities for sustainable management of the environment and natural resources. The 

organization is focused on five strategic areas: 1. Natural resource management; 2. 

Environmental education; 3. Community participation; 4. Communication, good governance and 

advocacy; 5. Organizational and institutional development. AMAs target groups consist of 

Community Based Organizations, rural and urban communities, associations, councils on all 

levels, state institutions, private sector enterprises, and students (AMA, 2014).  
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3.9 Governmental organizations  

This chapter will present governmental organizations operating within areas that are relevant for 

this report. The organizations below are actors within the energy sector, the financial sector and 

the sector of artisanal fishing.  

3.9.1 Electricity of Mozambique 

Electricity of Mozambique, Electricidade de Moçambique, (EdM) was founded in 1977 as a state 

company with the purpose to establish and operate public service in generation, transmission and 

distribution of electricity. It was transformed into a public company in 1995 (EdM, 2014). In 

1997 the Electricity Law was passed, which in theory enabled private companies to enter the 

market of generation and distribution of electricity. There has however been little involvement so 

far (IRENA 2012).  The Electricity Law also requires the National Power Transmission Grid and 

the Dispatch Center to be managed by a public company. This role was in 2005 entrusted to 

EdM (Africa Power Guide, 2014). EdM has so far been almost the only actor in on-grid rural 

electrification, with focus on grid-extension (Ahlborg and Hammar, 2012).  

3.9.2 National Fund for Rural Electrification (FUNAE)  

The National Fund for Rural Electrification, Fundo de Energia, (FUNAE) is a public, 

autonomous institution responsible for providing access to modern energy services and 

implementing off-grid electrification projects in rural communities. FUNAE is currently the main 

player in identifying rural energy projects in Mozambique. The institution was originally intended 

as a funding body but has extended its work to management and sometimes maintenance of 

projects (IRENAa, 2012). An example of a project involving a diesel genset for provision of 

electricity is presented in 3.1.4 Diesel genset implemented by FUNAE in Naburi. 

FUNAE can supply financial aid and guarantees for economically viable projects in line with their 

objectives to promote the development of low cost power and sustainable management of power 

resources (FUNAEb, 2014).  The organization receives financial support from the Mozambican 

government, the European Union and the World Bank amongst others, but it still wrestles with 

relatively small resources compared to the size of Mozambique’s off-grid population (Chambal, 

2010). They recently employed an energy consultancy firm to develop a tariff-setting tool for off-

grid electricity (ITPower, 2014). 

FUNAE works within a framework which allows it to implement a social programme alongside 

the market based work. The social programme is well funded and 60 % of the funding originates 

from international donors and the remaining 40 % from the Mozambican government (IRENAa, 

2012).  

3.9.3 Investment Promotion Center 

The Investment Promotion Center (CPI) is responsible for all foreign and domestic investments 

in Mozambique with exception for the industrial free zones Beluluane in Maputo Province and 

Nacala in the Nampula Province. It seeks to attract foreign and domestic investments by assisting 

investors in getting licenses and permits (KPMG, 2012). However, before any investment project 

is initiated government approval is mandatory (IRENA 2012). CPI works to increase investments 

to Mozambique, and thus contribute to economic growth in the country (CPI 2014). 
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The CPI has issued an Investment Law, which grants investors certain tax and customs benefits 

in order to attract capital investments. The law constitutes a uniform framework for investments 

and the level of benefits depends on the size, location and sector of the investment. The 

incentives consist of fiscal and customs benefits, tax credits for investments and benefits for 

industrial free zones. Investments in provincial areas are approved more beneficial tax credit 

levels than the city of Maputo (CPI, 2014).  

As the legal body responsible for foreign and domestic investors CPI plays an important role to 

spur future Public-Private Partnerships (PPP) in Mozambique. More information on Public-

Private Partnerships in Mozambique is found in chapter 3.11.3.3 Public Private Partnership (PPP) 

financing. 

The origin and ownership of companies do not affect CPI’s decisions in general. However, larger 

investments are normally prioritized and without experience of the national praxis and language 

knowledge the procedure for a permit to invest can be troublesome. To minimize obstacles of 

this nature it is often beneficial for foreign investors to share equity with a local partner (KPMG, 

2012).  

3.9.4 National Institute for the Development of Small-Scale 

Fisheries (IDPPE) 

The National Institute for the Development of Small-Scale Fisheries (IDPPE) is a government 

institution subordinate to the Ministry of Fishery in Mozambique (MoF, 2014). IDPPE works to 

decrease poverty in communities living on artisanal fishing. It develops and supports 

communities in social, economic and technical issues (IDPPE, 2006). The strategic plan has four 

main departments: 1.Social Development; 2. Fishery Technology, Equipment and Infrastructure; 

3. Planning and Statistics, and 4. Department of Co-operation. The IDPPE head office is 

stationed in Maputo but the institution has provincial delegations in several provinces including 

Cabo Delgado (ADF, 2001). IDPPE works to set up Community Based Organizations, referred 

to as Fishery Community Councils that provide insight to IDPPE on how commercializing 

activities should be carried out within a specific geographic area. IDPPE works with supporting 

them through capacity building and through promotion of private sector involvement (Gomes, 

2014).  

3.9.5 Fisheries Development Fund (FFP) 

The Fisheries Development Fund (FFP) is a government fund subordinate to the Ministry of 

Fishery. FFP is responsible for all external and donor funds directed to the Ministry of Fishery. It 

also receives and transmits funds intended to specific projects in order to promote private 

investments in the fisheries sector (ADF, 2001). The organization seeks to attract credit from 

banks and private sector organizations through raising funds and making them available to bodies 

that provides financial services to artisanal fishing. Examples of private financing organizations 

are the Small Industry Consulting and Support Office (Gapi) and the Mozambican Association 

for Rural Development (AMODER) whom are active in Cabo Delgado and have a close 

relationship to FFP. Furthermore FFP works to define policies, strategies and norms of conduct 

(Gomes, 2014, IFAD, 2010).  
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3.10 Small-Scale fishery in Mozambique 

Fisheries in rural areas are an important part of the economy and food security, as they are used 

for both subsistence and commercial activities. There are approximately 280 000 small- scale 

fisheries in Mozambique. The craft of small-scale fishing is generally limited to boats powered by 

oar and sail, but with an increase in use of motorized boats.  The target is mostly near-shore fish 

stocks, and the most common tools are gill nets, hand lines and beach seines. The majority of 

boats in the small-scale fishing sector are canoes, but rafts and skiffs are also used. Motorized 

boats are estimated to less than 10% of the small-scale fishing fleet (Benkenstein, 2013). 

Since the end of the civil war, there has been a continuous work on the development of 

Mozambique’s fisheries governance system. Furthermore, there have been several projects 

concerning improvements for communities living off of fishery. The projects have targeted 

access to markets, more efficient fishing gear, and improvement of roads for transportation. One 

such project was the Cabo Delgado and Northern Nampula Artisanal Fishing Project 

(PPANNCD) between 2003 and 2009. During PPANNCD, several micro-credit schemes were 

established to give fishermen opportunities to upgrade their equipment in order to achieve a 

greater efficiency (Benkenstein, 2013).  

The Artisanal Fisheries Promotion Project (ProPesca) is currently being carried out 

geographically covering the entire Mozambican coastline. The project aims to increase revenues 

from artisanal fishery in order to strengthen the economy of small-scale fisheries on a sustainable 

basis (IFAD, 2010). One project objective is to promote and inform fishermen about the many 

benefits of ice as well as providing support for production and use of ice (Gomes, 2014). The 

overall institutional responsibility for the project lies with IDPPE. With experience collected 

from previous projects such as PPANNCD, ProPesca aims to reach the project aim through 

investing directly in improvements of the value chain as well as through investments in 

complementary support improving the value chain efficiency such as roads, electrification and 

provision of financing (IFAD, 2010). 

Today fish is marketed in three ways in Mozambique, namely dried/salted, smoked, or 

fresh/frozen. The fresh/frozen fish constitutes a small share of the market, although each 

amount of fresh/frozen fish sold generates a higher income than the traditionally processed fish. 

A noticed trend on the market is that when transport conditions improve and expansion of the 

grid enables fishermen to produce ice, the amount of marketed fresh/frozen fish increases and 

consequently the proportion of dried/salted and smoked fish decreases. While the supply of 

traditionally processed fish reaches all markets, even rural villages, the fresh/frozen fish is 

generally sold at larger fish markets (IFAD, 2010). The value chain for artisanal fishery includes 

several steps and people. Starting with the fishermen in the bottom of the chain, there are several 

layers of traders who buy and transport the fish to various markets and destinations (Gomes, 

2014).  

3.11 Financing small-scale energy projects  

This chapter will describe the process of financing small-scale energy projects providing 

information on the role of institutional framework, types of financiers, financing mechanisms, 

business models and applicable financing models. The chapter aims to provide inspiration for 

how sustainable financing can be accomplished for rural energy projects in Mozambique for areas 

where end-user payment capacity is poor. 



   
 

- 34 - 
 

3.11.1 The role of institutional framework 

The existence of a clear national goal stipulated in an effective institutional framework promoting 

development of clean energy technology and energy access for all, is essential for the 

development and growth of the clean energy market. The national goal and plans should strive to 

create an enabling environment including appropriate policies, technical capacity within the 

progammes, tariff structures and incentives to support it, including private sector participation. 

To attract private sector investments it is important that the framework includes development of 

legal and regulatory bureaucracy, requirements of clear banking procedures, provision of 

guarantees for renewable energy developers, strong laws governing contracts, bankruptcy codes, 

policy transparence, regulations for requirements of full admission and access to credit 

information to allow investors to asses risks. Tax incentive is another important regulation that 

stimulates the growth of foreign investments. This is important in the energy sector, as waiving 

import duties for goods and raw material will boost the market (Gujba et al. 2012)  

In Mozambique several policies and strategies have been formulated to increase energy access 

and promote renewable energy sources. One of the most recent papers is the Strategy for New 

and Renewable Energy Development (EDENR) 2011-2025, which is a strategy for the 

development of national renewable energy sources through both off-grid and on-grid 

applications. Electricity generation through off-grid applications is often linked to the Plan for 

the Reduction of Absolute Poverty (PARPA) II/III, as it stimulates alleviation of poverty and 

economic development in rural areas (IRENAa, 2012). 

Projects that stimulate economic development, such as the EEM project, are entitled to a number 

of fiscal benefits if they are carried out under the Investment Law, previously mentioned in 3.9.3 

Investment Promotion Center. Examples of fiscal benefits are exemption in import taxes for capital 

goods, and reduction in tax for professional training of Mozambican employees (Cuamba et al., 

2013). 

3.11.2 Financiers 

The financing of a project generally depends on the financing source. Different finance 

institutions can be distinguished by five factors: the focus, the drive, the funding criteria and the 

price and process of funding. In order to find an appropriate financier it is important that the 

business plan clearly highlights and illustrates the match between the project and the 

requirements from the chosen investor (Financing Mozambique, 2010). More information on 

how to create a viable business plan is found in chapter 3.11.4 Writing a business plan. 

The major investors in modern energy access are bilateral organizations and multilateral 

development banks, governments and private sector financiers (IEA, 2011). The wide range of 

finance providers can generally be divided into three sectors; formal, semi-formal and informal 

(Winiecki et al., 2009).  

The formal finance sector is made up of lending institutions covered by governmental 

regulations, such as banks and microfinance institutions. These actors often request good credit 

history and a security from borrowers, which makes this sector inaccessible to poor households 

and rural areas (Winiecki et al., 2009). 

The semi-formal finance sector consists of unregulated microfinance institutions, non-

governmental organizations, NGOs, village banks, savings and credit cooperatives, and other 

lending institutions registered with the government. They generally do not have as high 
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requirements for profit as actors in the formal sector, and are often driven by social development 

objectives. This makes them more plausible for providing finance to rural areas and small-scale 

energy projects (Winiecki et al., 2009).  

The informal finance sector constitutes of for example shopkeepers or small business owners 

lending money to friends and family. They offer finance on very personalized terms and are 

common in rural areas, but can be hard to partner with as they only reach a small number of 

customers (Winiecki et al., 2009). 

3.11.3 Financing mechanisms 

The financing mechanisms depend on the financier, the size of the investment as well as the risks 

associated with the project (Wilkens, 2014). There are many financing solutions for rural 

electrification projects and below the most recognized mechanisms for each sector are described. 

3.11.3.1 Private financing 

Private financing is used for commercially viable projects and is realized through equity capital 

investments and/or commercial or soft loans. The main advantage of private financing is that 

projects are usually set up fast and well implemented due to the business interest as well as the 

capacity of the company. The main disadvantage is that in order for the investment to pay back 

electricity prices are set high, hence private solutions are most suitable for areas where electricity 

tariffs for rural areas are high or where alternative solutions are scarce (ASEAN, 2013). 

A bottleneck in creating commercial solutions for small-scale projects in poor areas are the high 

risk associated with the financial insecurity and the low payment capacity of the end users. That is 

part of the reason subsidizing and government funding still plays a major role for financing of 

such projects (Wilkens, 2014).  

3.11.3.2 Government financing 

Government financing is often used for projects that are not commercially viable. The financing 

is dependent on government budget, international or local grants and/or international or local 

long-term soft loans. The projects are tendered and realized by private developers or NGOs who 

are responsible for developing and constructing the project techniques. When their contractual 

undertakings are realized the responsibility for maintenance and management is often handed 

over to an appropriate community-based committee or a local entrepreneur (ASEAN, 2013). As 

mentioned in chapter 3.9 Governmental organizations, IDPPE and FUNAE are two institutions 

carrying out rural development projects in Cabo Delgado. Both FUNAE and IDPPE use tenders 

to employ appropriate developers and suppliers for planned projects. Both organizations also 

work with establishing maintenance committees responsible for maintaining the implemented 

projects (Cloin, 2014, Gomes, 2014). 

Government financing enables low electricity tariffs for the end-users, although the investments 

are hardly paid back and in some cases governmental grants are needed for operational costs as 

well. Governmental projects are usually time-consuming due to the complexity of the project 

plan and the large amount of actors involved. In addition the financing depend on availability of 

government budgets, which can be an issue of political interests (ASEAN, 2013).    



   
 

- 36 - 
 

3.11.3.3  Public Private Partnership (PPP) financing 

Public Private Partnership (PPP) can be defined as a partnership between actors in the private 

and public sector sharing a common interest. The partnerships enable transfer of investments 

and operational risks from the public to the private sector during a specific period of time. There 

are many ways in which the public sector can collaborate with the private sector. A PPP can for 

example work as a joint venture where the private sector gathers its assets such as techniques, 

skills, finance and knowledge, while the public sector contributes with good governance, 

awareness, credibility and community engagement as well as institutional and regulatory 

framework (Gumbo, 2013).  

Provision of energy services to rural areas is generally associated with high upfront costs and 

government budgets are seldom able to meet the financial requirements for such projects. The 

development of PPPs plays an important role in overcoming the financial constraints of the 

government (Chaurey et al., 2012). In Mozambique the development of PPP is slow due to lack 

of supporting laws allowing private sector involvement in governmental interests (Cloin, 2014).  

3.11.4 Writing a business plan 

It is likely that the total financing for a project will originate from more than one investor, 

including some capital from the project developer. Therefore it is necessary that every application 

effort is adapted so that it matches the desires for each investor. The applications received by 

financiers for funding of energy projects are often many and the competition is high, thus it is 

important to investigate alternative financiers thoroughly in order to understand their different 

requirements. A well-formulated and adapted application will save time for both the applicant 

and the investor and increases the chances of finding a match (Financing Mozambique, 2010).  

A rural off-grid energy project depends on many factors such as applied technology, electricity 

use, social and behavioral issues that are all important determinants for the business plan. The 

business plan needs to be flexible and fit the community in which the project is to be 

implemented (ASEAN, 2013). Figure 8 illustrates important components that need to be 

included in a viable business plan (CFI, 2011). For private sector investments a risk management 

plan is also an important part of the business plan (Wilkens, 2014).  

 

Figure 8, Important components of a business plan (CFI, 2011) 
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When analyzing the market demand it is important not only to look at market structure and 

demand for the services, but also on the payment capacity of end-users as well as the Willingness 

to Pay (WtP). WtP is an estimate of the amount of money that end-users are willing to pay for 

energy services. It is assessed through calculating the current electric and non-electric energy use 

in an area and translating it into an equivalent electric consumption (NRECA, 2009). A survey 

carried out by Norconsult for EdM in Mozambique showed that households with an income less 

than 74 € per month are willing to pay an average of 10 % of their monthly income for energy 

services (Norconsult, 2012).  

To analyze the financial returns of a project a cash-flow analysis is a method used for analyzing 

periodic flows in income and expenses. It is a useful tool when planning disbursements or loan 

payments for multiple activity projects, and is suitable when cash flows may be irregular or of 

seasonal variation (RFLC, 1999). The statement of cash flow provides valuable information to an 

investor analyzing a firm or a project, and can be divided into three categories: operating 

activities, investment activities and financing activities. Operating activities consist of the cash 

flow from operation and changes in networking capital. Investment activities are the investments 

made in the operation by the firm or project itself, such as capital expenditures. The last section, 

financing activities, can consist of cash flows connected to loans or repayment and other types of 

external investments (Berk and Demarzo., 2014). 

3.11.5 Financing models 

High upfront costs for components and installation obstruct the scaling up of a clean energy 

market. Still with some subsidizing the payment capacity of households in developing countries 

remains low (Glemarec, 2012). The FUNAE social programme, mentioned in chapter 3.9.2 

National Fund for Rural Electrification (FUNAE), is focused on provision of electricity to targeted 

rural areas and it has resulted in highly reduced prices for electricity and equipment for those 

projects. Although the social programme has provided electricity for poor areas, it also hinders a 

commercialization of the rural energy sector and prevents commercial actors from entering the 

market (IRENAa, 2012).  

To enable access to finance upfront costs the financing models need to be adapted to the cash-

flow profile of poor households, depending on for example agricultural cycles (Glemarec, 2012). 

The choice of model depends on the maturity of the banking system in the country as well as the 

socio-economic situation of the consumers. In countries with a small or non-existing private 

sector, government led models may be the most suitable alternative. In countries where the 

microfinance system is well-developed, microfinance loans are a viable alternative. (Glemarec, 

2012). To ensure a genuine engagement and assure a sense of responsibility the project initiator is 

often required to prove a readiness to share the project costs with the investors (Financing 

Mozambique, 2010). Below, potential financing models for rural electrification projects in 

Mozambique will be described. 

3.11.5.1 Financing through micro-credit 

The microfinance sector provides financial service to low-income customers. The financial 

products may be credit, savings, fund transfers and insurances, or a combination of these. The 

credit amount provided can vary from a few hundred dollars for a separate household to several 

thousand dollars for small business development. Microfinance can be provided from 

Microfinance institutions (MFIs), commercial banks, non-banking financial institutions, NGOs, 

credit cooperatives or solidarity lending groups (EUWI-FWG, 2012). MFIs aim to increase the 
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payment capacity of people living in poor conditions and hold extensive experience in 

relationships with poor consumers (Glemarec, 2012). A suitable MFI is normally acquainted with 

the local area and is capable of appreciating the repayment capacity of the borrowers. Experience 

with the local area can make peer pressure an added security for repayment (EUWI-FWG, 2012). 

To increase the chances of getting credit, one method is group lending. This requires a group of 

borrowers to guarantee each other’s loans and thus increasing the security for the lender. Group 

lending can be set up as a revolving fund where each borrower has to repay the loan before next 

person can borrow, or as a joint group guarantee (EUWI-FWG, 2012). The guarantee for a group 

loan is based on solidarity and peer pressure; if one group member fails to pay the others will 

cover his part. Although a group loan strengthen the security for a lender it is important to 

diversify the risks within the group. If the group members depend on a similar source of income 

such as for example fishing, it is likely that a large part of the group will fail to pay after bad 

fishing period. Furthermore the size of a group matters for the level of guarantee. A large group 

may decrease the risk of payment failure, although if the group is too large it may be difficult to 

manage. The appropriate size of a group depends on the nature of a loan, the local conditions as 

well as the appetite for risk-taking of an investor (Dorn, 2014).  

In combination with possible applicable grants a microfinance loan may be sufficient to finance 

the total upfront costs, unless the technique is exceptionally expensive. The trade-off between 

upfront cost and quality of an energy system is essential in the matter of MFI loans. The loans 

have shown some inefficiency in that they presuppose a relatively low initial cost, which instead 

can imply a higher risk of technical failure. Efficiency improvements are necessary for MFI loans 

to better adapt to the energy sector. They include improved capability to handle trade-offs on 

quality versus investment costs, as well as improved adaption to the long maturities common for 

clean energy investments (Glemarec, 2012). 

Although FUNAE remains the main financier and actor within rural energy projects in 

Mozambique, there is a strong political ambition to promote private sector involvement in the 

sector. A possible solution to increase the microfinance activity is for FUNAE to promote a 

business approach were a private equipment supplier enters the market in corporation with MFIs 

(IRENAa, 2012).  

3.11.5.2 Accumulating Savings and Credit Association (ASCA) 

An Accumulating Savings and Credit Association (ASCA) consist of a group of people saving 

together to raise capital. ASCAS are present in Quirimize, as described in 3.2.2 Loan and savings 

experience. The regulations for the loans permitted to a group member vary between different 

types of ASCAs. Some groups may be formed for a specific purpose and thus have strict policies 

for the use of a loan, while other groups will agree to a loan for a broad range of purposes The 

members of an ASCA may choose to dissolve the fund at some point, distributing the inserted 

capital back to its members plus revenues from interests (Wilson et al., 2010).  

Many ASCAs are formed as the result of an initiative from an external promoter such as an 

NGO, like Aga Khan in Quirimize, or the national government. An ASCA can however also be 

formed on itself, without the promotion from an external organization (Wilson et al., 2010). 

3.11.5.3 Fee-for service model 

In a fee-for service model the end-user pays for the service provided by the system. A national 

utility or energy service company owns and maintain the system and charges a fee from the 
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households connected (Kolk and van de Buuse, 2013).  The fee can be a set as a monthly flat fee 

or it can be proportional to the measured amount of service supplied (Laurikainen, 2010). The 

concept is often used for supply of solar electricity and allows the customers the benefits of 

utilizing the electricity without owning the system (Ellegård et al, 2004). 

3.11.5.4  Leasing 

A leasing model is structured so that a supplier or an independent leasing agent leases a system to 

an end-user. The end-user and the leasing agent enter into a financial agreement where ownership 

of the system stays with the leasing agent until the system has been paid off completely. While 

the ownership lies with the leasing agent, so does the maintenance responsibility. When the 

payment has been completed, the maintenance responsibility is transferred to the end-user 

(Laurikainen, 2010). 

3.12 Managing small-scale energy projects 

The management of small-scale energy projects is often a difficult issue due to lack of knowledge, 

capacity or motivation (Gomes, 2014, Cloin, 2014). Previous experience has shown that 

successful management is best attained when the management responsibility lies with a locally 

present actor (Gomes, 2014, Cloin, 2014, Afonso, 2014). If the actor responsible for management 

has invested money in the system, he or she would like the investment to be paid back and thus 

be motivated to make sure that the system is running correctly (Cloin, 2014). Some investment 

from the community will create a sense of responsibility and ownership, which can reduce some 

of the upfront risks for investment. One example of co-funding is if some members or one 

member of the community pay a startup fee for the batteries used in a charging station. This will 

create a long-term commitment from the community members who paid for the system (Lykissa 

et al., 2013).   

A management approach used in rural areas is committee management. A committee is chosen 

by the community to run and manage the system as well as handle payment for maintenance and 

operation. A person within the committee can be responsible for control of the system. The 

maintenance however will still be dependent on an external actor. The revenues from energy 

services will be directed to the committee and will cover for operational costs and payment for 

maintenance. The engagement of the committee can vary; a committee can be chosen to manage 

only some aspects of the system while the project initiator stays closely involved. For the 

committee management approach to be successful, an engagement within the community is 

required. A committee management approach can involve difficulties in reassuring that the 

energy services are paid for. As the committee will consist of members of the community, social 

commitments may lead them to give away services for free or at lower prices than what is 

economically viable (Lykissa et al., 2013). For management to be successful a pre-paid system is 

preferable, since if the payment for energy services is not done in beforehand there are no 

efficient means of reimbursement (Cloin, 2014).  

One option for management is that a local NGO is responsible for implementation and 

maintenance. The NGO could hire someone in the village who is trained to run the system and is 

responsible for simplet maintenance and operation on the spot. For the NGO to train and 

educate a person in the village, capacity within the NGO is necessary (Afonso, 2014).  

For a project to be implemented correctly it is important to be aware of and respect the political 

structure in the country. In Mozambique there are several layers of administrative authorities. 
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The political structure is complex and a project initiator should be well understood with the 

system (INENSUS, 2014).  

3.13 Case studies  

This chapter will mention projects with relevance to this report, with focus on Cabo Delgado. 

The project analysis will be focused on the renewable energy techniques used, the organization 

and implementation process of the projects as well as the organizations involved and their role 

for the project implementation. The projects mentioned below have been investigated through 

field studies in Mozambique, interviews with local villagers and organizations as well as 

information collected from case study-reports. This chapter aims to give practical examples of 

how small-scale energy projects have been carried out in order provide inspiration for how the 

EEM-project could be implemented and organized.  

3.13.1 ADPP implements small-scale solar panels in Quissanga 

district, Cabo Delgado 

ADPP has implemented a number of solar charging systems in the district of Quissanga, financed 

by the ACP- EU Energy Facility. The solar charging systems provide charging for lamps and cell-

phones and for each system 60 rechargeable lamps are installed.  The charging station runs on 

electricity provided from a solar panel installed outside and connected to the station via a cable. 

The villagers pay a fee and rent the lamps from the responsible administrator of the system. The 

lamp is returned when the battery needs charging again (ADPP, 2012).  

The administrator of the system consists of one small entrepreneur and five assistants, whom are 

all elected by the community. The responsible group is trained by ADPP in running the system 

and makes an income from the renting fees (ADPP, 2011).  

During field studies carried out in April 2014 the village 19 de Outubro in Cabo Delgado was 

visited. A solar panel system was implemented in the village by ADPP in 2012 and it is used for 

charging lamps and cell phones. During the visit a local entrepreneur, responsible for the 

charging station was interviewed. He had been trained in maintenance and operation and after 

paying 30 % of the total income to ADPP he was reportedly making approximately 50 € per 

month from the charging fees for lamps and cell-phones. The cost for renting a lamp was 0.1 € 

per renting occasion and the fee for cell-phone charging was set to 0.5 € per charging occasion. 

The interviewed entrepreneur reported an appreciation of the system in the village, although he 

mentioned a decrease in the battery quality of the lamps, and as a consequence, an increasing 

dissatisfaction from the customers in the village (19 de Outubro, 2014). 

3.13.2 ADM jatropha project in Cabo Delgado 

Agro-Business for Development Mozambique (ADM) is a private company established in 2012 

and works with production and sales of biofuels and bio fertilizer made from jatropha seed cake. 

The company operates in the province of Cabo Delgado, where they have set up around 100 

farmer’s clubs for cultivation of the jatropha plant (ADM, 2013).  

GSB is responsible for the education of local farmers cultivating jatropha (Afonso, 2014). ADM 

buys the husked seeds from members of the farmer’s clubs as well as from other farmers for 0.07 

€ per kilogram, and uses them for production of liquid biofuel in the village of Bilibiza in the 

Quissanga district. The fuel is then sold to local markets for uses such as fuel for gensets 

providing electricity for illumination and cell phone charging. A problem encountered within the 
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project is finding farmers interested in selling jatropha at the price offered. The price is a 

prerequisite for supplying jatropha to the intended purposes mentioned above (ADM, 2013).  

3.13.3 Water and Sanitation (WATSAN) and Food project in 

Quissanga 

The Water and Sanitation (WATSAN) and Food project is a partnership between GSB and 

Arrakis currently being implemented in the Quissanga district. It aims to reduce the occurrence 

of water borne diseases through latrine building and establishing a supply chain of Tabletop 

filters (GSBb, 2014). 

One tube well has been drilled and a rope pump installed in Bilibiza. The water is sold at 0.025 € 

per liter to ensure that the water committee has enough money to run maintenance and acquire 

spare parts. Three of GSB’s local members have been trained by Arrakis, mainly production and 

installment of rope pumps as well as utilization of Tabletop filters. There are plans for 

establishing commercial sales point of Tabletop filters in Pemba during 2014 (GSBb, 2014). 

3.13.4 Diesel genset implemented by FUNAE in Naburi 

In the village Naburi, situated in the Zambézia province in northern Mozambique, a diesel genset 

of the brand Olympian with an installed capacity of 80 kVA has been implemented. Naburi is a 

village of 27 580 inhabitants and the main economic activities are fishery and agriculture. The 

system was implemented in 2009 to provide electricity to households via a mini-grid. The project 

was developed and financed by FUNAE and is currently owned by the local administration 

(INENSUS, 2014).  

The administrative post (the local authorities in Naburi) promoted the creation of an electrical 

commission to handle management and electricity sales. The commission consists of a system 

operator, an electrician and community representatives responsible for payments and consumer 

representation. The system operator is responsible for running the system and performs some 

basic maintenance tasks once a month. He is not involved in any financing aspects of the system. 

The community has selected representatives in the commission and their main activity is to 

collect money for electricity. The commission has been forced to revive several times due to lack 

of consumer engagement. Another issue has been payments. The consumers were meant to pay a 

flat fee each month for consuming electricity during three hours of the day, but due to lack of 

metering and any kind of control system, the electricity consumption could not be controlled and 

payment rates were very low. This meant that operational costs were not covered and the system 

became unreliable, which meant even lower payment rates. Because of the payment problems the 

system has been shut down and is currently not operating (INENSUS, 2014). 

4 Model 

In this chapter the model and method used to formulate a long-term financing and management 

plan for the Emergency Energy Module in Quirimize will be presented. An overview of the 

model will be described, and thereafter the different steps and calculations. 

4.1 Overview of the model 

Figure 9 illustrates the conceptual model that will be used for formulating a financing and 

management plan that will result in end-user finance and management of the EEM.  
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Figure 9, Conceptual model used for formulating a financing and management plan 

The horizontal blue boxes in the conceptual model represent the necessary assessments and 

calculations needed to formulate a financial and management plan for the EEM. The black box 

connected to each assessment or calculation describes the input needed and the red box describes 

the method of collecting that input. The green boxes represent the results of the report. The 

assessments and calculations as well as the method of deciding the financing and management 

plan will be further described in the following chapters.  

4.2 Energy demand 

The EEM is implemented primarily for productive use such as improving the fishing business 

and increase the total income of the village. The total energy demand will thus be decided 

through assessing the capacity required to produce ice as well as charging of cell phones and 

lamps, as these techniques can result in an increased productivity in the village. The energy 

demand will be assessed through interviews with a group of villagers that fit the purpose of the 

EEM. 

To decide the total electricity demand the electric power of an ice machine must be known. The 

power of an ice machine is dependent on the amount of ice produced. To decide the total 

electricity demand the demand for ice must first be assessed. This will be done through 

interviews with a randomized group of fishermen in Quirimize. Furthermore the electricity 

demand for a charging station for cell-phones and lamps will be assessed through interviews with 

the village chief, a group of fishermen and through case studies of similar projects.  

To evaluate the amount of ice required, the average amount of fish caught must be known as well 

as the number of fishing days per month. Another important factor is the process of selling the 

fish, if a storage area will be needed and how far the fish will need to be transported. The average 

time between a catch is made until it is sold is an important factor, since the amount of ice 

needed to keep the fish cold increases with time. The interview questions regarding energy 

demand are found in Appendix C. 
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The electricity demand for charging of cell-phones and lamps will be calculated for each hour of 

the day. The lamps will be used during the dark hours of the day and will be charged during 

daytime. If the villagers rent a lamp to use one night it is likely that the lamp is returned some 

time in the morning or during the day. The interval, during which lamps will be returned, will be 

assessed as 7 a.m. until 11 a.m. This assessment is made since it is not likely that the lamps will be 

returned all at once. When the actual time interval for returning of lamps occurs is not very 

important for the result, since the total electricity demand for charging of lamps will be small 

compared to the electricity demand for the ice machine. During the time interval the amount of 

lamps returned to the charging station each hour is assessed as the total amount of lamps, divided 

by 5, which is the amount of hours in the time-interval. The total amount of lamps is the same as 

the amount of fishermen in the village, namely 250. From the time that each lamp is returned it 

will be plugged into the charging station. Cell-phones will be charged both during day and during 

the night. The electricity required for charging cell-phones will thus be approximated as a 

constant demand per hour. The system is dimensioned to provide charging to one cell-phone per 

fisherman. Each cell-phone will approximately need charging every second day (IEA PVPSa, 

2013).  

4.2.1 Calculations 

The energy demand will be calculated for the production of ice required to keep the fish cool 

until it can be sold. In order to ensure maximum fish quality the fish should be cooled to a 

temperature of 0o C as soon as possible after a draft is made (Myers, 1981). 

The amount of ice needed to cool fish from the initial temperature to the desired temperature is 

calculated using the following equation (Graham et al, 1992): 

     
                

  
    Eq. 1 

                                                  

For the calculations, an average value of the specific heat for lean fish will be used, since an 

increase in lipid contents in the fish only has a marginal effect on the amount of ice required 

(Graham et al., 1992). The average temperature of fish when caught can be estimated as the 

average water temperature in the relevant area (Coche et al., 1996). 

In addition to the amount of ice required for the initial cooling, ice will also be needed for 

transportation and storage of the fish. For this, an estimated fish/ice ratio of 50:3 will be used. 

This ratio is used to maintain the temperature of chilled fish in boxes when the surrounding 

temperature is above 30 oC (Myers, 1981). The transportation time will be estimated to 6 hours, 

since this time is sufficient to transport the fish to the fish markets in Pemba, Montepuez or 

Macomia, depending on the conditions of the roads (Bachir, 2014).  

The ice will be acquired through an ice machine installed in the EEM. The ice machine will be 

dimensioned to meet the demand for ice during a 24-hour period. Since the electricity demand 

for production of ice depend on the choice of ice machine it can only be calculated when an ice 

machine has been chosen. The electricity demand for ice production will thus be calculated when 

the components have been chosen in section 5.2 Dimensioning of the EEM.  

The next step will be to calculate the daily electricity demand for devices charged via the EEM. 

The electricity demand per hour for charging of cell phones will be calculated as follows: 

                    Eq. 2 
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The electricity demand per hour for charging of lamps will not be calculated using Equation 2 

since the lamps will not be charged during 24 hours of the day. Instead, the electricity demand for 

charging lamps will be calculated with start from 7 a.m. until 11 a.m. new lamps will be returned 

for charging each hour. The electricity demand will be calculated for each hour, increasing when 

new lamps are returned, and decreasing as the lamps are fully charged. Since the lamps are 

charged in the morning, they will only require electricity during some hours of the day.  

The total energy demand per day for cell-phones and lamp charging will be calculated as follows: 

        ∑       
         Eq. 3 

                               

4.3 Dimensioning of the EEM 

To enable dimensioning of the EEM and determine the capacity of its components, the suitable 

techniques for power generation are chosen. The techniques chosen for further evaluation are 

solar PV, a biomass gasifier and a diesel genset fueled by jatropha based biofuel. Wind power is 

rejected based on the reasoning presented in chapter 3.1 Energy situation in Cabo Delgado. In 

addition to this, the authors of this report have not found any small-scale wind power projects in 

the close-by area. The two system configurations chosen for evaluation is a hybrid system with 

solar PV and a biomass gasifier, referred to as system A, and a system with solar PV and a genset 

fueled by jatropha based biofuel, referred to as system B. 

The dimensioning of the EEM will focus on assessing the total electricity demand. The electricity 

production of the EEM should correspond to the demand. To decide the total electricity demand 

the required power supply for an ice machine will be estimated based on the ice demand. An ice 

machine model suitable for the system will be chosen and when the ice machine has been 

decided, the total demand for electricity can be calculated. The total electricity demand will 

consist of the electricity demand for charging of cell-phones and lamps as well as powering the 

ice machine. Both systems will be dimensioned so that the capacity is sufficient for covering 

electricity demand peaks during the day.  

4.3.1 Calculations  

When calculating the energy demand for the ice machine, an assumption is made that the 

electricity demand for producing a certain amount of ice should be close to the latent melting 

heat for water of the same amount of ice. Following that assumption, the latent melting heat for 

water will be used to calculate a power demand corresponding to the demand for ice, calculated 

in section 5.1.1.1 Ice demand. The calculated power demand will be used as a frame of reference 

when deciding appropriate dimensions of an ice machine producing a sufficient amount of ice. 

The power demand based on the latent melting heat of water is calculated as follows:  

                      Eq. 4 

To further investigate the power demand for an ice machine, the running power of some ice 

machines on the market producing a sufficient amount of ice will be investigated. Provided that 

the given power demands of investigated ice machines are in the same order of magnitude as the 

power demand based on the latent heat of water, the final power demand will be decided as the 

arithmetic mean for the power demand of the sample machines. The final power demand for the 

ice machine will be calculated as follows: 
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               ∑          

    
         Eq. 5 

                 

4.4 Cost break-down of the EEM  

The two system designs chosen for implementation in Quirimize are presented in section 4.3 

Dimensioning of the EEM. Each system will be economically evaluated and compared using the 

method of Levelized Cost of Electricity (LCOE). LCOE is measured in € per kWh, taking into 

account all the accumulated costs for construction and operation of a power plant and comparing 

it with the annual generation of electricity. In this way LCOE makes it possible to compare 

power plants of different generation and cost structure with each other. LCOE is however not 

suitable for calculating the cost efficiency of a power plant. For that a cash-flow analysis is 

necessary, taking into account all revenues and expenditures from a system (Kost et al., 2013). 

The annual cash flow will be presented in chapter 5.4 Cash-flow analysis. In order to calculate 

LCOE the total costs will be collected and presented for the two system designs.  

4.4.1 Calculations 

LCOE is calculated based on the net present value, where the value of future investments and 

payment streams during the lifetime of the system are calculated through discounting from a 

shared reference date (Kost et al., 2013). The LCOE is calculated as follows (IRENAc, 2012):  

       ∑
              

      
 
     ∑

  

      
 
     Eq. 6  

           

                               

The investment expenditures for     are calculated as: 

                                                                                     

                                                                                  

     Eq. 7, Eq. 8  

                          Eq. 9 

                                    Eq. 10 

Calculating the average price for an ice box based on two different brands using Equation 11 

(coolericebox, 2014, xtracool, 2014): 

            
∑            

 
   

 
    Eq. 11 

                                 

                                 Eq. 12 

Investment expenditures for replacement of components during the lifetime of system: 

               ,             Eq. 13  

                           ,              Eq. 14 

                 ,            Eq. 15 
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                        ,                   Eq. 16 

                 ,          Eq. 17  

Fuel expenditures: 

                                    ,          Eq. 18 

                               ,          Eq. 19 

Maintenance expenditures are calculated as: 

         (                                                 )            )  

Eq. 20 

         (                                               )                     

     Eq. 21 

 

         

Electricity generation is calculated as: 

            Eq. 22 

          

                          Eq. 23 

               Eq. 24 

4.5 Cash-flow analysis 

The cash-flow analysis is used to measure the revenues and solvency in a business and is thus 

important to analyze whether the business owners will be able to make their payments when they 

are due (Salia, 2008). The expected lifetime of the system will be decided to 25 years, which is the 

estimated time until the component with the longest life time, namely the solar PV, will cease to 

function (IEAb, 2013). The cash flow is calculated for each year of the estimated lifetime.  

As mentioned in section 3.11.4 Writing a business plan a cash-flow analysis is generally divided into 

three sections: investment activities, operation activities and financing activities. The initial cash-

flow analysis, presented in section 5.4 Cash-flow analysis, will not include cash flow from financing 

activities, as the financing activities are not yet defined. 

When deciding upon a suitable financing model in section 5.6 Financial proposal, the cash flow 

from financing activities will be incorporated in the initial cash-flow analysis to evaluate the 

solvency for financing. The initial cash-flow analysis will include cash flows from investment and 

operating activities. The entries included in the cash-flow analysis for the two categories of cash 

flow activities are presented in Table 3 below. 

Cash flow generating activity Entry 

Cash flow from investment activities  

Cash inflows No cash inflows from investment activities 

Cash outflows,      Investments in equipment needed for the system 
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Cash flow from operation activities  

Cash inflows,       Revenues from sales of ice,        

 Revenues from charging of cell-phones,                

 Revenues from renting lamps,          

Cash outflows,       O&M costs 

 Costs for replacement of equipment 

 Fuel costs 

Table 3, Cash-flow analysis for operations and investment activities 

4.5.1 Calculations 

When analyzing a stream of cash flows for consecutive periods of time, creating a timeline is an 

efficient way of displaying the cash flow streams for each period. Year 0 in the timeline 

represents the present time, e.g. the occasion of initial cash flow. Year 1 is one year later and 

represents the end of the first year. Each year in the timeline should be interpreted as a specific 

date. The space between the dates is the time period between these dates, in this case one year. 

Year 1 represents both the end of year one and the beginning of year two, which makes sense 

since those dates are in practice the same in time (Berk and DeMarzo, 2014). The annual cash 

flow will be calculated for a period of 25 years. The end of year 25 is therefore the final date of 

the timeline. The net annual cash flow is equal to the difference between the total cash inflows 

and the total cash outflows for one year.  

The energy demand in the village will be used as a basis when calculating the revenues acquired 

by the system. Knowing the demand for ice as well as charging of cell-phones and lamps, a price 

can be set for those services based on the local WtP for them. As the villagers in Quirimize 

currently have some access to cell-phone charging, the WtP will be estimated through 

investigating the current outlays. However, the villagers do not have access to lamps or ice, and 

thus the payment capacity will be estimated based on the client group’s expressed WtP for those 

services, derived through interviews in the village. Prices for similar services in the local area will 

be used as a benchmark to set a competitive price. This method follows the assumption that the 

villagers will not be willing to pay a higher price than what is currently available in the local area. 

As the clients for ice sales are the fishermen, the WtP for ice will be investigated through 

interviews with a representative group of fishermen. Although the charging station will be 

dimensioned to satisfy the demand from the fishermen in first hand, the system will be available 

to the whole village and revenues from renting of lamps and charging cell-phones will come from 

a wider range of customers. However seeing as the system is implemented mainly to improve the 

fishing business, the WtP for lamps and cell-phone charging will also be decided based on the 

estimated WtP of the fishermen. The interview questionnaire for WtP is found in Appendix C. 

The WtP for each energy service will be calculated as a percentage of the fishermen’s average 

monthly income, using the following equation: 

                                            Eq. 25 

                             Eq. 26 

                        Eq. 27 
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The total annual revenues will consist of revenues from ice sales, lamp renting and cell-phone 

charging. Charging of cell phones and renting of lamps is assumed to take place during all days of 

the year, whereas ice is assumed to be sold only during those days when fishing is conducted, see 

section 3.2.1 Fishing structure. The total annual revenues will be calculated using the following 

equations: 

                                            Eq. 28 

                           Eq. 29 

                       Eq. 30 

                                       Eq. 31 

The variables included in the annual expenditures are stated in Table 3. Input data for the 

calculations of annual expenditures for operations and investments will be collected from the 

results of the cost break-down, described in 4.4 Cost break-down. The yearly expenditures from 

operations are calculated as follows: 

                         Eq. 32 

The annual expenditures from investment activities are equal to the total outlay for equipment 

necessary for the system. The total annual expenditures will be calculated using the following 

equation: 

                    Eq. 33 

The net annual cash flow will be calculated as the difference between the total annual revenues 

and the total annual expenditures using the following equation: 

                  Eq. 34 

              

4.6 Sensitivity analysis 

Since the financing proposal for EEM implementation will be formulated based on conclusions 

drawn from the cash flow analysis, it is important that the sensitivity of the results in the cash-

flow analysis is investigated. The variables considered most important for the result of the cash-

flow analysis are the following:  

- Revenues from sales  

- Cost of components 

- Fuel costs  

To evaluate the sensitivity of the result from variations in in-data the Discounted Cash Flow 

(DCF) will be calculated for each scenario of change.  From an investor’s point of view it is more 

important to investigate what will happen to the result if the estimated variables are less 

optimistic. Thus only variations that decrease the optimism of the result will be made.  

As mentioned in section 3.11.4 Writing a business plan, low income takers generally are willing to 

pay 10 % of their monthly income for energy services. The corresponding level of revenues will 

therefore be tested in the sensitivity analysis. Revenues corresponding to a WtP of 5 % of the 

target group’s average monthly income will also be tested to provide a worst-case scenario. The 



   
 

- 49 - 
 

cost of components and fuel costs will both be varied with an increase of 10 % and 20 % of the 

original value. The results of the sensitivity analysis are presented in 5.5 Sensitivity analysis. 

There are several variables that have a great effect on the result of the project. Many of those 

variables however are hard to measure and some of them are mentioned in Chapter 5 Result and 

discussion or in chapter 7 Future work as subjects for future investigation.  

4.6.1 Calculations 

Discounted cash flow (DCF) is an instrument, which calculates the present value of a project’s 

future cash flows. The DCF will be calculated using the following equation:  

    ∑
   

      
 
        Eq. 35 

         

5 Result and discussion 

This chapter presents the results achieved from the different calculations in the model. The 

capacity of two different system designs is decided based on the appreciated energy demand in 

the village. From analyzing the sensitivity of the results in the cash-flow analysis a financial and 

management proposal will be presented. The interview results provide information on the local 

circumstances and thus describe the conditions from which the energy system as well as the 

financial and management plan must be dimensioned.  

5.1 Interview process 

Interviews were carried out in Quirimize with the village chief Selemane Omar, the president of 

one of the saving groups in the village as well as a group of approximately 15 fishermen. The 

interviewed fishermen included both individuals fishing alone and individuals fishing in groups. 

Information collected from interviews regarding fishing structure and savings and loan 

experience has been added in the literature study in section 3.2 Quirimize. The interviews provided 

information about WtP as well as the energy demand and that information has been used for 

calculations in this chapter. The interview questionnaires are presented in Appendix C.  

5.1.1 Energy demand 

Interviews proved a strong demand for ice, primarily for cooling and transportation of fish. 

Furthermore, a possibility of incomes from ice sales to villages nearby was mentioned as an 

additional profit. The interviewees in Quirmize expressed a demand for a charging station for 

cell-phones and lamps as the prioritized devices. According to them almost every adult in the 

village possess a cellphone (Quirimize, 2014).  

5.1.1.1 Ice demand 

The ice will be used to cool the fish that is transported to larger fish markets outside of Quirmize. 

As mentioned in section, the fishermen in Quirimize save 20 % of the fish they catch. This 

corresponds to 2 kg of fish saved per fisherman from each catch for his own consumption. The 

remaining amount of fish is sold. That amount was used to estimate the ice demand in the village. 

The size of a fish draft was estimated using the information collected from interviews in 

Quirimize.  
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The ice demand is assumed to only be present during the days when there is fishing in Quirimize, 

thus for 20 days a month as mentioned in section 3.2.1 Fishing structure. The consequence this has 

on the dimensioning of the module is further discussed in section 5.2 Dimensioning of the EEM. The 

demand for ice has been divided into two sections, one demand for the fishermen fishing in 

groups and another for the fishermen fishing alone. The ice demand occurs at different times 

during the day for the two categories of fishermen, since their fishing schedules are different. The 

fishermen who fish in groups arrive in the village with their daily catch at 9 a.m., while the 

fishermen fishing alone return at 3 p.m. The various arrival times depend on the ocean tides. The 

fishermen fishing in groups use nets close to the shore and are thus affected by the changing 

tides. The individual fishermen go out fishing by boat and are not affected by the tides 

(Quirimize, 2014). The demand for ice during a 24-hour period is presented in Diagram 2, and 

the calculations are described in Appendix D.  

 

Diagram 2, Demand for ice during a 24-hour period 

The demand for ice will determine which ice machine to install in the village. The electricity 

demand for ice production cannot be decided until the ice machine has been chosen. The 

electricity demand for ice production will thus be presented in section 5.2 Dimensioning of the EEM 

when the system has been designed. 

5.1.1.2 Electricity demand for charging station 

The demand for charging of electrical devices has been calculated from an estimation of the 

demand from the target group, namely the fishermen. Diagram 3 shows the total electricity 

consumption for cell-phones and lamps in the village during a 24-hour period. In-data for 

Diagram 3 was collected from Appendix E. The daily electricity demand for charging cell-phones 

and lamps is equal to 2.75 kWh.  
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Diagram 3, Electricity demand per hour for cell-phones and lamps during a 24-hour period 

5.2 Dimensioning of the EEM 

When dimensioning the EEM the total electricity demand per hour is calculated. The electricity 

demand for the charging station was calculated in the previous section 5.1.1.2 Electricity demand for 

charging station. In this chapter the electricity demand for the ice machine is presented. The system 

is then dimensioned choosing the most compatible components, mentioned section 4.3 

Dimensioning of the EEM. The two system designs of the EEM will be further economically 

analyzed in section 5.3 Cost break-down of the EEM and section 5.4 Cash-flow analysis.  

5.2.1 Total electricity demand 

To dimension an EEM with regards to ice demand the production capacity of the ice machine 

will have to be sufficient to cover for ice demand peak hours during the day. With a total demand 

of: 95.4 kg + 1028 kg = 1123.4 kg and with the assumption that the machine will work constantly 

during a 24 hour period, this corresponds to an hourly production of 46.8 kg of ice.  

The size of the ice demand is too large for the solar-powered absorption cooler presented in 3.3.7 

Ice production to be an option. With an initial cost of 5117 € corresponding to an ice production of 

2 kg/h, the technique implies a disproportionally high initial cost compared to the capacity and 

therefore the option is rejected (EC, 2014). 

As mentioned in section 3.3.7 Ice production, ice in the shape of large blocks has several advantages 

to other forms of ice and the local population is familiar with the technique today. Therefore 

production of block ice was chosen most suitable for implementation. The production process of 

ice varies depending on the choice of ice machine. Block ice is typically produced in harvest 

cycles, one cycle commencing when the machine is filled with water and ending when the water 

has frozen (Minus40, 2014). If there are several harvest cycles during the day, storage will be 

needed.  

Water supply is necessary for ice production. For a block ice machine constant water supply is 

not necessary, however access to large amounts of clean water is required (Daniel, 2014). 
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Concerning rural water supply there has been many initiatives focused on installing manually 

operated pumps and the population is familiar with the technique (MCA, 2012). Therefore a 

manually operated pump will be considered for implementation.  

Using the equation in section 4.3.1 Calculations the electrical energy consumption to produce 46.8 

kg of ice per hour is estimated to 4.4 kWh/h. Calculations are presented in Appendix F. Since it 

is likely that an ice machine will consume some extra electricity to produce ice, in addition to the 

latent heat for water, the power demand of four different block ice machines was investigated.  

The production capacity of many block ice machines is stated in number of tons per 24-hour 

period. The total demand for ice in Quirimize has been calculated to 1124 kg per 24-hours. The 

type of ice machine that will be investigated is thus a machine with the production capacity 

closest to the calculated demand. In Table 4 the production power of four ice machines with a 

production capacity of 1 ton ice per day is presented.  

Brand Production capacity (kg/24 hours) Running power (kW) 

FOCUSUN 1000 4.9 

Snowell 1000 5.8 

Tamutom 1000 6.8 

ZxShare 1000 4.7 

Table 4, Production power for four different block ice machines (FOCUSUN, 2014, snowell, 2014, 
Tamutom, 2014, zxshare, 2014) 

As illustrated in Table 4 the production power for an ice machine is slightly higher than the latent 

heat for a similar amount of ice, in accordance with the previous assumption. The running power 

for the ice machine is thus estimated to 5.6 kW, which is the mean production power for the four 

examples in Table 4. Calculations are found in Appendix F. The electricity demand for running 

the whole system during a 24-hour period is illustrated in Diagram 4 below and in-data for the 

diagram is found in Appendix G. As presented in Diagram 4, the electricity demand for charging 

cell-phones is relatively low and the ice machine constitutes the majority of the demand.  
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Diagram 4, Total electricity demand per hour during a 24-hour period 

Since the demand for ice only applies for the days when the fishermen are fishing, the ice 

machine will be turned off during days with no ice demand. When the ice machine is turned off 

the daily electricity demand will be equal to the electricity demand for charging of cell-phones 

and lamps, presented in section 5.1.1.2 Electricity demand for charging station. Since the installed 

capacity of the system will be much higher than the power demand during days when the ice 

machine is not running, the system will be switched off during those days.  

5.2.2 Technical design of the EEM 

The genset or gasifier, depending on the chosen system configuration, will be switched on during 

the dark hours of the day when the solar panels are not working. The yearly average time for sun 

down in Pemba is 5.20 p.m. (Gaisma, 2014). The gasifier or genset will therefore be switched on 

from 5 p.m. powering the system for 12 hours.  

The output of a gasifier or genset is not dependent on fluctuating energy resources such as solar 

insolation or wind and is therefore more reliable than the solar panels. On cloudy days, when the 

solar panels cannot produce a sufficient output to power the system, the gasifier or genset must 

be able to cover the load during those hours. Since solar insolation is generally high in the 
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geographic area (see section 3.1 Energy situation in Cabo Delgado) this is considered unlikely. 

However, the gasifier or genset should be able to work as a substitute for the solar panels and the 

installed capacity should be at minimum equal to the installed capacity of the solar panels.  

As there is assumed to be no ice demand during the days when no fishing is carried out, the ice 

machine will be switched off during those days. The daily electricity demand is dependent on the 

usage of the ice machine. The required installed capacity of the entire system will be much higher 

than the power demand during the days with no ice production. The difference can be seen 

comparing the hourly electricity demand for when the ice machine is switched on (illustrated in 

Diagram 4) with the hourly electricity demand for cell-phone and lamp charging when the ice 

machine is switched off (illustrated in Diagram 3). It will thus be inefficient to operate the system 

when the ice machine is switched off, since the installed capacity of the solar panels and the 

genset or gasifier will be much higher than the power demand for those days. Therefore, the solar 

panels and the gasifier or genset will be turned off during the days when the ice machine is out of 

operation. Instead, the batteries will have to provide electricity to the charging station during 

those days. Hence, when dimensioning the genset or gasifier the need for charging of the 

batteries must be considered.  

5.2.2.1 Solar PV 

The solar PV will provide the system with electricity during hours of daylight. The average time 

for sunrise in Pemba is 5.14 a.m. The solar panels are estimated to operate with start from 5 a.m. 

and generate power during the 12 hours when the genset/gasifier is turned off. The solar panels 

will be dimensioned to cover the average hourly load during the time when they are operating to 

minimize the need for energy storage. The average load during the operating hours of the solar 

PV is estimated to 5.8 kWh/h, see data for hourly loads in Appendix G.  

To cover the load of 5.8 kWh/h, 23.2 solar panels à 250 Wp are required. The amount of solar 

panels installed will thus be 23, which is equal to a capacity of 5.75 kWh/h. The load not covered 

by the solar PV during sunlight hours is equal to 0.7 kWh/day. This amount was calculated as the 

sum of the difference between each hourly load during the operating hours of the solar PV 

(found in Appendix G) and the installed capacity of the solar panels. 

5.2.2.2 Electrical energy storage 

The EEM is dimensioned according to the demand during the days of fishing in Quirimize. For 

the days with no fishing the batteries will provide electricity to the charging station. The batteries 

will therefore be dimensioned with a capacity to store the electrical energy demand for the 5 

consecutive days when there is no fishing, which is equal to 13.8 kWh (see section 5.1.1.2 

Electricity demand for charging station). In addition to this, the batteries will also have to cover for the 

daytime peak loads, not covered by the solar panels. The stored energy of 0.7 kWh/day intended 

for covering the peak loads will be discharged every day and the energy stored for providing 

electricity for the five days of no fishing accumulates during a 10 day period. The total energy 

storage needed for the batteries is thus equal to 0.7 kWh + 13.8 kWh = 14.5 kWh. 

The standard batteries in the original EEM have capacity of 200 Ah and 12 V, equal to 2.4 kWh 

(Allmér and Norström, 2013). The two EEM configurations evaluated in this report will thus 

include 14.5/2.4≈6 such batteries.  
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5.2.2.3 Biomass gasifier  

During the operation hours of the gasifier, namely between 5 p.m. until 5 a.m., the load is 

constant (see Diagram 4). The average load during those hours is equal to 5.6 kWh/h (see 

Appendix G). The gasifier should work as a substitute for the solar panels in case that the solar 

PV does not provide an efficient output due to low solar insolation. Even though this is unlikely 

to happen, the capacity of the gasifier should be equal to the capacity of the solar panels. If the 

installed capacity for the gasifier is equal to the installed solar PV capacity, the batteries and the 

gasifier will be sufficient to cover for the hourly loads all hours of the day if necessary. In 

addition to covering for the daytime loads, the gasifier will also need to produce electricity to 

charge the batteries, so that they can power the charging station when the system is switched off. 

Since there are 10 days to charge the batteries before each 5-day period and 0.7 kWh is the total 

load not covered by the solar panels, the capacity required to charge the batteries is equal to 

13.8/10+0.7=2.1 kWh/day. As mentioned in section 3.3.5 Electrical energy storage, the batteries 

have an efficiency of 80 %. The total capacity required to charge the batteries is thus equal to 

2.1/0.8= 2.6 kWh/day. The batteries will be charged during the night when the gasifier is 

running. Consequently there will be enough energy stored in the batteries to cover the peak loads 

each day plus excess energy intended for the 5 days when the gasifier and solar panels are 

switched off.  

The electricity demand for charging the batteries of 2.6 kWh/day is equal to a capacity of 

2.6/12=0.22 kW, 12 being the amount of operating hours for the gasifier. The installed capacity 

of the gasifier needs to be at least 0.22 kW+5.75 kW=5.97 kW, 5.75 being the installed capacity 

of the solar panels. The gasifier chosen for system A will thus have an installed electrical capacity 

of 6 kW. 

Because of the large supply of coconuts in Quirimize, coconut shells are deemed as an 

appropriate feedstock for the gasifier. When using coconut shells it is important to make sure 

that the shells are properly crushed since bigger parts can cause auger binding or bridging. An 

effective size for particles is 0.01-0.04 meters (GEK gasifier, 2014).  

The average electricity load for the gasifier is equal to 5.6 kWh/h+0.22 kWh/h=5.8 kWh/h. One 

kilogram of biomass fuel corresponds to an electrical output of approximately 0.75 kWh/h from 

the gasifier. An electricity production of 5.8 kWh/h thus requires a provision of 7.7 kg of 

coconut shells per hour (GEK gasifier, 2014). This is equal to 92.4 kg coconut shells per day. The 

gasifier is not recommended to run for more than 12 hours a day and has a minimum load 

demand of 2 kW (GEK gasifier, 2014).  

5.2.2.4 Diesel genset fueled by jatropha-based biodiesel 

Following the same reasoning as for the gasifier, the genset chosen for system B will have an 

installed capacity of 6 kW. The average running power for the gasifier applies to the genset as 

well, as they have the same operating hours. According to calculations made by Ahl and Eklund 

the energy content of jatropha-based biodiesel is estimated to 34.4 MJ/liter (Ahl and Eklund, 

2013). The efficiency of a genset depends solely on the volumetric energy content of the fuel. 

The average energy content of diesel is 36 MJ/liter, and that value can vary up to 15 % 

depending on the supplier (National Biodiesel Board, 2005).  

A diesel genset with installed capacity of 6 kW will consume approximately 1.6 liters of fuel per 

hour (Cummins Power Generation, 2004). Jatropha based biodiesel is available at 0.95 €/liter 
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(Ahl and Eklund, 2013). The energy content for jatropha-based biodiesel is similar to the energy 

content of diesel; hence the fuel consumption for jatropha based biodiesel is approximately the 

same as for diesel. The fuel costs for the genset fueled by biodiesel is estimated to 1.6*0.95= 1.52 

€/h. 

5.2.2.5 Control system 

In addition to techniques for generation of electricity a control system will need to be included in 

the design of the EEM. The control system chosen for the two system configurations is the 

Quattro by Victron Energy of 9 kW (Victron energy, 2014). 

5.3 Cost break-down of the EEM  

The two proposed configurations are assumed to have the same composition with exception of 

the choice between a biomass gasifier and a diesel genset on biodiesel. To decide which one is 

most cost efficient, a comparison of the LCOE for both technologies is presented. To calculate 

LCOE for system A and system B the following parameters are needed and are presented in the 

cost break-down: 

-  Investment expenditures,  

- Operation and maintenance (O&M) expenditures  

- Fuel expenditures.  

The investment expenditures will occur initially during installation of the system as well as every 

year that a component needs to be replaced. The cost for the solar PV and the biodiesel-fueled 

genset are based on the installed capacity presented in 5.2.2 Technical design of the EEM and the 

costs for the different techniques presented in the related sections of 3.3 The Emergency Energy 

Module. The gasifier was estimated to be replaced every 10 years and the genset as well as the 

batteries every 5 years (Allmér and Norström, 2013).  Replacement of the ice machine was 

estimated to every 9 years (United States Department of Energy, 2010). For provision of water, 

the cost for a manual rope pump was included initially, which in these calculations is assumed to 

provide water with a sufficient sanitary degree to be used for production of ice. 

The O&M expenditures are based on different percentages of the initial capital cost. For the 

gasifier, genset, ice machine, control system and batteries this was estimated based on the rule of 

thumb proposed by the Energy Sector Management Assistance Program of the World Bank of 

between 12.5 % and 3.3 % of capital cost on an annual basis (ESMAP, 2007). 12.5 % was chosen 

to provide good margin for the maintenance of the more complex components. O&M costs for 

the solar panels were estimated to 1% of initial capital cost (IEAb, 2013). The O&M costs for the 

rope pump were considered low enough to be omitted.  

The fuel expenditure for the biomass gasifier is assumed to 0 € as the village could utilize its vast 

access to coconuts. Should the annual yield of coconuts not suffice, additional fuel expenditure 

would need to be added. Both system A and system B is assumed to run only during the days of 

the month when the fishermen are fishing.  

The economic lifetime of the systems has been set to 25 years, based on the same approach as 

for the cash flow analysis, mentioned in 4.5 Cash-flow analysis. The discount rate was chosen to 

10% as the average cost of capital for bioenergy power plants as estimated by IRENA is 10 % 

and the last measured value for the discount rate of the central bank of Mozambique was 9.5 % 

(IRENAb, 2012, CIA, 2014). 
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The size of the investment outlays as well as the replacement frequency for each component is 

presented in Table 5 and 6. The input data for calculating the parameters in Table 5 and 6 are 

found in Appendix H. The parameters in Table 5 and 6 are used for calculating LCOE, presented 

in Table 7.  

 Biomass gasifier Diesel genset 

Investment expenditure year 1, 

10, 20 

6540 € (Fulford and Wheldon, 

2014,GEK Gasifier, 2014) 

1680 € 

Investment expenditure year 5, 

15 

- 1680 € 

Fuel expenditure, year 1-25 0 € 4378 € 

O&M expenditures, year 1-25 817.5 €  210 €  

Table 5, Input costs for biomass gasifier and diesel genset 

As can be seen in Table 5, the gasifier has a higher initial cost but fewer recurring costs during 

the lifetime of the system, while the biodiesel-fueled genset has a lower initial cost but more 

recurring costs. This means that system B will present a higher continuous economic strain.   

                         Component                                                         Cost 

Solar PV year 1 

O&M expenditures year 1-25 

5175 € (Cloin, 2014) 

51.75 €  

Batteries year 1,5,10,15,20 

O&M expenditures, year 1-25 

1998 €   (Allmér and Nortström, 2013) 

249.75 € 

Control system year 1 

O&M expenditures, year 1-25 

5200 € (Allmér and Nortström, 2013) 

650 € 

Ice machine year 1, 9, 18 

 

O&M expenditures, year 1-25 

4386 € (Yang, 2014) 

548.25 € 

Ice boxes (4 boxes à 300 liters), year 1 1176 € (coolericebox, 2014, xtracool, 2014) 

Rope pump (incl. drilling of bore hole), year 1 731 € (GSBa, 2014) 

Table 6, Input costs of components 

Table 6 shows that the components, which particularly increase the economic strain during the 

lifetime of the system, are the batteries and the ice machine, since they need to be replaced 

frequently. Ice boxes have been added to the investment as a possibility of initial, temporary 

storage. Storage of ice and/or fish would however need further evaluation prior to 

implementation and the ice boxes can as such not be viewed as a long-term solution. The 

calculated LCOE is displayed in Table 7. 
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LCOE €/kWh 

System A 0.32  

System B 0.50 

Table 7, LCOE for system A and B 

As displayed in Table 7, system A with the biomass gasifier will be the more efficient option for 

implementation in regards to cost per output. This is however based on the assumption of no 

fuel costs. In the investigation by Ahl and Eklund, the annual coconut yield in Quirimize was 

estimated to 3 ton (Ahl and Eklund, 2013). The shell compatible with the gasifier makes up 15 % 

of the total weight (Raghavan, 2010). This equals a yearly access to compatible fuel from 

coconuts of 450 kg. Assuming that the gasifier is in use 240 days per year, with a daily need of 

92.4 kg of coconut shells as mentioned in section 5.2.2.3 Biomass gasifier, this would be equal a 

total yearly fuel consumption of 22.2 ton. As this is much larger than the estimated annual yield, 

further investigation of utilization of other local resources, as fuel for the gasifier would be 

needed before implementation.  

5.4 Cash-flow analysis 

The inputs for calculating the annual cash flow for a 25-year period are presented in Table 3 in 

section 4.5 Cash-flow analysis. The majority of the revenues are generated from ice sales. The 

revenues from ice sales as well as revenues from cell-phone charging and renting lamps were, as 

mentioned in section 4.5.1 Calculations, calculated based on the expressed WtP of the intended 

group of customers. Prices were set for the energy services provided by the EEM and are 

illustrated in Table 8.  

Service Price 

Ice 0.12 €/kg 

Cell-phone charging 0.24 € per cell-phone and charging occasion 

Renting of lamp 0.1 € per lamp and renting occasion 

Table 8, Prices for energy services provided by the EEM 

The price for ice was set using the expressed WtP for ice mentioned in chapter 3.2.1 Fishing 

structure. As further mentioned in chapter 3.2 Quirimize, some households in the village are owners 

of small solar panels. The estimated price for cell-phone charging was set to the level offered by 

those households, seeing as this price is already accepted in the village. When setting the fee for 

renting a lamp, prices in the local area was investigated and used as a basis when estimating the 

client group’s payment capacity. The reference system used for pricing was the solar charging 

station in the village 19 de Outubro. As mentioned in section 3.13.1 ADPP implements small-scale 

solar panels in Quissanga, the fee for renting a lamp was set to 0.1 € per lamp and renting occasion 

in that system. In 19 de Outubro a high percentage of the total supply of lamps were rented each 

day, signaling a suitable pricing for the local population in Cabo Delgado.  

Assuming that the fishermen will afford to satisfy their total demand for ice, cell-phone charging 

and lamps given these prices, the total WtP for energy services will be equal to 23 % of their 

average monthly income of 70.7 € per month. The WtP is calculated using Equation 25-27, 
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presented in section 4.5.1 Calculations. The distribution of expenditures for the different services 

is illustrated in Diagram 5.   

 

Diagram 5, WtP of monthly income for the fishermen divided between purchases 

As mentioned in section 3.11.4 Writing a business plan, households with a monthly income less 

than 74 € are willing to pay approximately 10 % of their monthly income for energy services. 

This corresponds to the estimated WtP of the fishermen, under the presumption that purchase of 

ice is not included in the category energy services. As ice is a product of electricity provision, it 

could indirectly be classified as an energy service. In this case the purchase of ice will however be 

an investment to improve the fishing business and will lead to increasing revenues from fish 

sales. Increased revenues will have a positive effect on the purchase power of the fishermen. The 

fishermen are aware of the benefits of ice and estimate the possible increase in revenues per kg 

fish sold to three times the current revenues (Quirimize, 2014). A WtP of 14 % of the 

fishermen’s monthly income is thus deemed reasonable. 

The annual revenues were calculated using Equation 28-31 presented in section 4.5.1 Calculations. 

When calculating the revenues for the cash flow analysis, the WtP presented in Diagram 5 was 

assumed. The total annual revenues acquired by the system and used as input when calculating 

the annual cash flow are presented in Table 9.  

Energy service Annual revenues (€) 

Ice sales 28800 

Lamp renting 9125 

Cell-phone charging 10950 

Table 9, Annual revenues from the energy services provided by the EEM 

The annual cash flow for a period of 25 years was calculated for system A and B respectively. 

The electricity output is the same for the two systems, thus difference in cash flows is related to 

the outlays for equipment. The results are presented in Diagram 6 and 7.  

WtP of  monthly income 

Ice 14%

Charging of cell phone 5%

Renting of lamps 4%

Other 77%
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Diagram 6, Annual cash-flow for system A 

 

Diagram 7, Annual cash-flow for system B 

According to the results, an implementation of both system A and system B would be profitable 

and show negative outflows of cash during solely on the year of implementation. This is 

considered unlikely and an optimistic forecast.  

The revenues are built on the assumptions that all the fishermen in the village want to buy ice, 

and that they can. This could of course vary, and the effect of change in revenues on cash flow 

will be investigated in the sensitivity analysis. It is important to consider that sales of ice may be 

lower in the beginning, as it is likely there will be a learning and development process before the 

fishermen are using ice to cool the entire amount of fish they sell. The total sales of ice for the 

system owner are thus likely to increase with time. 

5.5 Sensitivity analysis  

It is possible to vary all cost items in a cash flow analysis, but the parameters chosen for variation 

in this sensitivity analysis are those deemed to have large impacts on the results and conclusions 

of this report. In Table 10 below is the result from variations in discounted cash flow based on 

variation in the chosen parameters. The discount rate was set to 10 %, following the same 

motivation as in section 5.3 Cost break-down of the EEM.  
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Scenario 

DCF, 

system 

A 

DCF, 

system 

B 

Change from 

calculated original 

value, system A 

Change from 

original value, 

system B 

Revenues from sales     

Original value total revenues 

(48 875 €) 

 

388 472 € 360 258 € ± 0 ± 0 

Annual revenues equal to WtP 

of 10 % of the fishermen’s 

annual income (- 57 % of 

original revenues) 

137 356 € 109 142 € - 65 % - 70% 

Annual revenues equal to WtP 

of 5 % of the fishermen’s annual 

income (- 78 % of original 

revenues) 

41 093 € 
 

12 880 € 
 

- 89 % - 96 % 

Cost of components     

Original cost of components 388 472 € 360 258 € ± 0 ± 0 

Cost of components + 10 % 382 955 € 355 894 € -1.4 % -1 % 

Cost of components + 20 % 377 438 € 351 530 € - 2.8 % - 2 % 

Fuel costs     

Original fuel costs4 388 472 € 360 258 € ± 0 ± 0 

+ 10 % 384 496 € 356 285 € - 1 % - 1 % 

+ 20 % 380 520 € 352 311 € - 2 % - 2 % 

Table 10, Scenario changes effect on DCF 

The revenues from ice sales will constitute the majority of revenues for the system owner. Ice 

sales could decrease because of decreased ice demand. This could occur because of several 

reasons, which include but are not limited to, lower WtP, bad fishing periods and smaller 

revenues than expected to the fishermen for sales of cooled fish.  

As illustrated in Table 10 a change in revenues will have the biggest impact on DCF. The 

decreases in revenue that is investigated in the sensitivity analysis are quite large and as is seen in 

the result, the DCF for system B is more sensitive to changes in revenues. This can be explained 

from the fact that system B has more frequent expenditures, such as fuel costs and replacement 

of the genset every fifth year. System A is more sensitive to changes in cost of components than 

system B. This difference is due to the fact that a biomass gasifier, included in system A, is much 

more expensive than the genset in system B. The biomass gasifier will have to be replaced two 

times during the lifetime of the project.  

                                                 
4 Since system A currently has no fuel costs a percental increase cannot be calculated. The percental increase of fuel 
costs for system A will thus be assessed as the same increase in value as the cost increase for system B. 
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5.6 Financial proposal 

The cash flow gained from the assumption of a WtP of 23 % of the average monthly income for 

the services provided by the EEM showed results that were deemed very optimistic. Therefore, 

for the financial proposal, a WtP of 10 % of the average monthly income is used to evaluate the 

financial solution. As shown in Appendix I, the revenues from this level of WtP results in 

positive cash flows for both systems during each year of the projected lifetime, except for the 

year of initial implementation. This indicates that financing by a loan is a possible option. Since 

the goal of this report is to investigate financing options that promote end-user financing, a loan 

is preferable to a grant since it promotes private sector involvement and helps to create a 

commercial business in the village. Furthermore a loan will work as an incentive to spur a 

mentality of saving, planning and running a business in the village, which can help to create a 

sense of responsibility and engagement with the end-user.  

Because of the complexity of the system, it is recommended that an external organization is 

responsible for providing the more advanced technical knowledge and maintenance. This will be 

more thoroughly described in 5.7 Management proposal. In similarity with the system presented in 

section 3.13.1 ADPP implements small-scale solar panels in Quissanga, the revenues are likely to be 

divided between the village and the concerned organization. The exact division will not be 

determined as the focus of this report is to evaluate whether the system can be economically self-

sufficient in a long-term perspective. 

Cash flow from financing activities has been included in the calculations of cash flow to illustrate 

that the system can handle payments for a loan. The financing activities included in the 

calculations correspond to a loan equal to the initial investment for each system with an 

amortizing period of 10 years and an interest rate of 20 %.  The interest rate is the approximate 

interest of Gapi, which is an institution with focus on microfinance present in Cabo Delgado 

(MFTransparency, 2011). The size and specifications of the loan was chosen as an illustrative 

example and are not necessarily the most viable loan solution. The annual as well as the 

accumulated cash flow was calculated and the results are presented in the graphs in Appendix J. 

The accumulated cash flow is the cash closing balance for each year and thus increases during 

consecutive periods of positive cash flow. The diagrams of accumulated cash flow shows that the 

revenues from both systems are able to cover the costs, including interest rate and amortizing 

payments for the loan. In order to be sufficiently solvent it is important that a well-structured 

system of saving and planning for forthcoming outlays is implemented in the village. As 

mentioned in section 3.2.2 Loan and savings experience, there already exists a system of saving 

groups in Quirimize. This social structure indicates a positive environment for organizational 

initiatives of this kind.  

Since the gasifier in system A is more expensive than the genset in system B, choosing to 

implement system A would require a larger initial loan. The gasifier will need to be replaced every 

tenth year, which is more seldom than the genset, which requires replacement every fifth year. 

Since system A has no fuel costs the constant outflow of cash is lower than for system B. This 

means that system A can more easily handle variations in revenues and is able to cover for the 

replacement of the gasifier, regardless its higher cost. As illustrated in the section 5.3 Cost break-

down of the EEM, system A has a lower levelized cost of electricity than system B, which 

corresponds to the result in the cash flow.  

The difference in cash flow implies different cost sensitivity for the two systems. For system A, 

the assumption of no fuel costs affects the result in the cash flow analysis. Before planning for 
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financing it is thus important to investigate the possibility of free access to biomass fuel in the 

village. When considering a loan for system B it is important to consider the sensitivity to 

variations in revenues. It would be necessary to perform a risk assessment of variations in 

constant cash flow. If the calculated revenues would be lower in practice than calculated in this 

report, system B might require some subsidy for replacement of components, in order to 

maintain a positive accumulated cash flow.  

Taking a loan will entail amortizing and interest costs. This will affect the income negatively in 

the beginning of the implementation period. For the implementation to seem attractive to the 

system owner and the local caretaker, it is important that the system generates money in the 

beginning of its lifetime. Even though it is clear for an investor or an implementer that the 

system is viable in a long-term perspective, for the population of Quirimize, the short-term 

perspective is important for motivation. This aspect can be managed through choosing a loan 

with an amortizing period that does not imply too high costs in the beginning of the system’s 

lifetime.  

It is appropriate that the lender is an organization present in the local area, as it will increase the 

chances of a loan permit, since a local actor will be acquainted with the area and the risks 

associated with it. Examples of possible financiers are Aga-Khan, FFP, Gapi and AMODER, 

mentioned in section 3.8 Non-governmental organizations as well as 3.9 Governmental organizations. A 

financier can also be a private company with strategic goals that correspond to the goal of this 

project. A private company is likely to provide financing through cooperation with an NGO or a 

governmental organization. Therefore NGOs and governmental organizations other than the 

given examples above can be of interest for this purpose. More examples of these kinds of 

financiers are found in sections 3.8 Non-governmental organizations and 3.9 Governmental organizations. 

5.7 Management proposal 

The proposed system designs for the EEM in Quirimize are technically complex and proper 

maintenance and repairs require advanced technical knowledge. As this knowledge is not present 

in the village it is recommended that the technical responsibility and ownership of the system lie 

with a larger organization where the required knowledge is present. The project owner could then 

hire and educate villagers to be responsible for simple maintenance and supervision. Since the 

EEM will provide several energy services is it is advisable to have more than one villager 

responsible for the EEM system. The presence in the project by an actor that is established in the 

local area is strongly recommended, as it would provide valuable knowledge and input about the 

local area and customs. When choosing organizations for cooperation, the following parameters 

should be considered: the goals and focus of the organization, experience with similar projects, 

and local presence. 

EdM works almost exclusively with projects related to on-grid electrification and is thus not 

relevant for closer cooperation. FUNAE is the governmental body active in off-grid projects, but 

works mostly with tenders where the implementation site and techniques have already been 

chosen. Neither will therefore be relevant for closer cooperation. 

As ADPP has experience with charging stations similar to the one presented for the project in 

this report, it would be an organization suitable for cooperation.  ADDP could provide valuable 

information in the implementation phase, and in the training of villagers to manage the system. 

The authors of this report have had difficulties in finding rural projects involving ice production, 

but as IDPPE works with the development artisanal fishing, the goals of the EEM project would 
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be aligned with the goals of the IDPPE. IDPPE also possesses valuable knowledge of the other 

factors involved in rural fishing development and could thus help ensure a growth in income for 

the fishermen. The organization has a local office in Pemba, and could have an advisory role in 

the project. They could also help apply for funding from the FFP, mentioned in section 3.9.5 

Fisheries Development Fund (FFP). 

GSB has experience with jatropha and its cultivation in the local area. The organization has 

contacts within the village of Quirimize, and representatives have expressed an interest in 

working with the EEM project. Currently they do not possess the knowledge necessary for 

managing such an energy system. However, if system B is chosen for implementation the 

organization could help with training and knowledge on how to operate a genset fueled by 

jatropha-based biofuel. GSB could also help with providing a supply chain for jatropha oil. 

Neither HELVETAS nor AMA specializes in energy projects similar to the EEM project. Since 

the authors of this report have not met with representatives of these organizations, further 

investigation of their experiences and goals would be needed before considering possible 

cooperation. 

Based on the above presented reasoning, suggestions of local actors for cooperation are ADPP, 

IDPPE and, if system B is chosen, GSB. Field studies in the village showed a great desire for 

access to ice and energy services. There are therefore good reasons to believe that there would be 

a high community commitment for the maintenance of the system. To ensure that the services 

are being paid for, a prepaid model should be applied, as mentioned in section 3.12 Managing 

small-scale energy projects. The hired villagers should work together and share the responsibility for 

the system. This would help ensure proper payment and limit the amount of services being given 

away for free to family members.  

6 Conclusions 

This chapter will present the conclusions, which have been drawn from the achieved results in 

this report. The conclusions of this report are: 

Ice can be produced via an ice block machine powered by an EEM at a price compatible with the 

villagers’ solvency, and at the same time produce sustainable revenues. The EEM can also power 

a charging station cell phones and lamps to be rented, and offer these services at marketable 

prices. The required financing will vary depending on the system configuration chosen. 

From an economic perspective the most suitable system configuration of the EEM is system A, 

consisting of a solar panel array and a biomass gasifier. System A has a lower sensitivity to 

variations in revenues than system B, which is preferable since the revenues are likely to vary 

during the lifetime of the system. Furthermore system A is more cost efficient in regards to the 

levelized cost of electricity.  

Both system A and system B are able to handle the costs for a loan with a level of revenues 

corresponding to a level of WtP for the energy services that is lower than the WtP expressed by 

the villagers. A loan is therefore a viable financing solution, as it creates a commercial solution 

and promotes involvement and responsibility with the end-user. Examples of possible financiers 

are FFP, AMODER, Gapi, Aga Khan or other governmental or non-governmental organizations 

operating in the area.  
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For successful project implementation cooperation with one or several local actors is 

recommended. Actors suitable for cooperation with the implementation of an EEM in Quirimize 

are IDPPE, ADPP and GSB. The role of a cooperating organization would be to handle more 

technically complex maintenance as well as to educate one or a few local inhabitants to oversee 

daily operations and handle payments from costumers. 

In the project formulation, the goal was described partly as formulating a financing plan were the 

village would not be dependent on external financiers in a long-term perspective. This has been 

achieved. However, a conclusion that can be made from this report is that the village will instead 

be dependent on the involvement of external organizations and the technical knowledge they 

possess. 

7 Future work 

This section presents the aspects for which further evaluation is essential prior to an 

implementation of an EEM in Quirimize. 

The poor infrastructure in the surrounding area has a limiting effect on the development and 

growth of Quirimize. The roads connecting Quirimize to bigger cities and villages are in bad 

condition and for example sensitive to heavy rainfall. This can obstruct the process of 

transporting and selling the fish at the intended markets. If this process proves to be too 

complicated, or transportation of fish takes up too much time, it could have negative effects on 

the ice demand, and thus the revenues from the system. Bad infrastructure can also complicate 

the process of replacing and installing spare parts. Therefore, a more thorough analysis of the 

infrastructure in the area and its expected future development is needed. In addition to 

infrastructure, there are several other factors that could provide increased risk of complications in 

the project which include, but are not limited to, health risks for the villagers and variations in 

weather. A comprehensive risk assessment is therefore needed before implementation. 

The cost calculations for the systems do not include costs for purification of water. As 

mentioned in section 3.3.8 Water provision, this may not be necessary if the water is acquired from 

a bore hole. Before implementation, this assumption will however require further evaluation of 

the geological conditions in the area. 

As an initial possibility of storage, costs for isolated boxes were included in the calculations. For 

proper management with ice and minimum losses, the storage possibilities should be further 

evaluated. This could include placement of boxes in a secluded and shadowed area, as well as 

investigating the possibilities of constructing a cooling room. 

The management proposal presented in the report provides a general overview of the 

recommended solution. For a successful implementation the details of this need to be further 

discussed. It will be important for the maintenance and operations schedule to be clearly defined 

as well as division of responsibilities. Division of the revenues from the system will also need to 

be defined. 

As mentioned in section 5.3 Cost break-down of the EEM a further estimation of the local supply of 

crops applicable as biomass fuel for the gasifier is necessary to decide on which system 

configuration is most suitable for implementation.  

In order to ascertain the need for an off-grid solution in Quirimize, a more thorough 

investigation of the possibility of Quirimize receiving connection to the national grid is needed. 
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Appendix A. Exchange rates 

 

1 Metical, MZN = 0.0238 Euro, € 

1 US Dollar, USD=0.731 Euro, € 

1 South African Rand, ZAR= 0.0691 Euro, € 

(fx-rate, 2014) 

Appendix B. Unit conversions 

 

1 BTU, British Thermal Unit = 1.054 * 103 J 

1 lb = 0.454 kg 

1 gallon = 3.786 liter 

1 kcal= 4184 joule 

(University of Texas, 2014, metric-conversions, 2014, unitconversion.org, 2014) 

Appendix C. Interview questions 

How many works with fishing? 
 
What is the size of an average catch? 
 
How many times per week do you fish? 
 
How much fish do you sell? 
 
Everything More than half Half Less than half    nothing 

Where do you sell your fish? To whom? 
 
How much would you like to have access to ice for cooling the fish? 
Very much  Much Not so much  Not at all  

Are there any electrical products in the village today?  
 
Do you have a cell phone?  
 
Is there a need for battery charging stations for electrical products in the village? 
 
Has anyone in the village taken a loan? 
If yes: 

1. What was the money used for?  

2. Where did the loan money come from?  
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3. How was the payback of the loan organized?  

4. What were the loan sizes?  

Is there any organized saving activity in the village for example a group of people who save 
money together? 
If yes: 

1. Who are the members? 

2. How many are they? 

3. How is the saving controlled?  

4. What is the payback time for a loan? 

How much would you be able to pay for ice per kilo? 

Are there any electrical products in the village today?   

How much do you pay to use them? 

At what price do you sell your fish today? 

At what price do you think you could sell your fish, if you had access to ice?  

Appendix D. Calculations of ice demand 

D.1 Ice demand for cooling 

Equations: 

     
                

  
   (Eq. 1, see section 4.2.1) 

                                                  

             

              

                (Graham et al., 1992) 

                  
  (Graham et al., 1992) 

         
   (World sea temperature, 2014) 

      
   

 

Category of fishermen Amount of ice required (kg/day) 

Group fishermen 41.4 

Individual fishermen 446.0 
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D.2 Ice demand for transportation 

Fish/ice ratio per hour: 50:3 (Myers, 1981). 

 

Category of fishermen Amount of ice required (kg/day) 

Group fishermen 54 

Individual fishermen 582 

 

D.3 Total ice demand 

 

Time Ice demand 

09.00 95.4 

15.00 1028 

Appendix E. Electricity demand per hour during a 24-hour 

period for charging of cell-phones and lamps 

Equations: 

                  (Eq.2, see section 4.2.1) 

        ∑       
       (Eq. 3, see section 4.2.1) 

 

(*IEA PVPSa, 2013), **(DEEP EAb, 2014) 

 

Hour 

Electricity demand for 

charging cell-phones per 

hour,       

Electricity demand for 

charging lamps per 

hour,       

Total electricity demand 

per hour for charging of all 

devices,        

01.00 20.8  20.8 

02.00 20.8  20.8 

Device 
Power of device, 

  , (W) 

Hours for 

charging,   , (h) 

No of devices 

charged each 

day,    

Total 

electricity 

consumption, 

  , (Wh) 

Cell phone 2* 2* 125* 500 

LED Lamp 3* 3** 250 2250 
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03.00 20.8  20.8 

04.00 20.8  20.8 

05.00 20.8  20.8 

06.00 20.8  20.8 

07.00 20.8 150 170.8 

08.00 20.8 300 320.8 

09.00 20.8 450 470.8 

10.00 20.8 450 470.8 

11.00 20.8 450 470.8 

12.00 20.8 300 320.8 

13.00 20.8 150 170.8 

14.00 20.8  20.8 

15.00 20.8  20.8 

16.00 20.8  20.8 

17.00 20.8  20.8 

18.00 20.8  20.8 

19.00 20.8  20.8 

20.00 20.8  20.8 

21.00 20.8  20.8 

22.00 20.8  20.8 

23.00 20.8  20.8 

24.00 20.8  20.8 

Appendix F. Calculating the power of the ice machine 

Equations: 

                    (Eq. 4, see section 4.3.1 ) 

               ∑          

    
       (Eq. 5, see section 4.3.1) 

                (Ahlström, 2004) 

                    

          

              

       {                                                         }    
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*Based on the calculated hourly ice demand, see section 5.2 Dimensioning of the EEM 

**(FOCUSUN, 2014, snowell, 2014, Tamutom, 2014, zxshare, 2014) 

Appendix G. Total electricity demand per hour 

 

Electricity demand per hour during a 24-hour period (Wh/h) 

Time Cell phones* LED-lamps** Ice machine*** Total 

00.00 20.8  5600 5621 

01.00 20.8  5600 5621 

02.00 20.8  5600 5621 

03.00 20.8  5600 5621 

04.00 20.8  5600 5621 

05.00 20.8  5600 5621 

06.00 20.8 150 5600 5771 

07.00 20.8 300 5600 5921 

08.00 20.8 450 5600 6071 

09.00 20.8 450 5600 6071 

10.00 20.8 450 5600 6071 

11.00 20.8 300 5600 5921 

12.00 20.8 150 5600 5771 

13.00 20.8  5600 5621 

14.00 20.8  5600 5621 

15.00 20.8  5600 5621 

16.00 20.8  5600 5621 

17.00 20.8  5600 5621 

18.00 20.8  5600 5621 

19.00 20.8  5600 5621 

20.00 20.8  5600 5621 

21.00 20.8  5600 5621 

22.00 20.8  5600 5621 

23.00 20.8  5600 5621 
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*See section 4.2.1. Calculations 

** See section 4.2.1. Calculations 

*** See section 4.3.1. Dimensioning the ice machine  

Appendix H. Input values for cost-breakdown and LCOE 

 

Parameter Input value 

Installed capacity of solar panels 

in system,        (Wp) 

5750 

Cost solar,          (€/Wp) 0.9 (*) 

Capacity of genset,        (W) 6000 

Cost genset,           (€/W) 0.28(**) 

Cost ice box 1            (€) 292 (***)  

Cost ice box 2            (€) 296 (****) 

No of ice boxes            4 

Cost gasifier,           (€) 21926 (*****) 

Cost for one battery,         (€) 333(******) 

Number of batteries in system, 

            

6 

Cost control system, 

                (€) 

5200(******) 

Cost of ice machine,              

(€) 

4386(*******) 

Cost of rope pump, 

          (€) 

731(********)  

(* Cloin, 2014)(**ARE, 2009) (***coolericebox, 2014) (****xtracool, 2014) (*****GEK gasifier, 

2014)(******Allmér and Norström, 2014) (*******Yang, 2014) (********GSBa, 2014) 

Parameter Input value 

Fuel consumption gasifier, 

          (kg/h) 

0 

Fuel consumption genset, 

        (l/h) 

1.6 

Cost fuel gasifier,                

(€/kg) 

0 
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Cost fuel genset,              

(€/l) 

0.95(**) 

Running hours for 

gasifier/genset,    (h/day) 

12 

Running days for 

gasifier/genset,    (days/year) 

240 

(**Ahl and Eklund, 2013) 

Parameter Input value 

Operation and Maintenance for genset, 

gasifier, ice machine, batteries and control 

system,     (%) 

12.5 % of component cost (*) 

Operation and Maintenance for solar,     

(%) 

1 % of component cost (**) 

(*ESMAP, 2007)(**IEAb, 2013) 

 

Parameter Input value 

Operating hours solar PV,        (h/day) 12 

Operating days solar PV,        (days/year) 240 

 

Discounting factor: 

        (IRENAb, 2012, CIA, 2014) 

Lifetime: 

       (IEAb, 2013) 

Appendix I. Annual cash flow for WtP equal to 10 % of 

average monthly income 

System A: 
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System B: 

 

Appendix J. Effect of loan financing 

Annual and accumulated cash flow for the systems financed by one loan equal to the investment 

cost. The interest has been set to 20 % and the amortizing period to 10 years.  

For system A: 
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For system B: 
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