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Abstract 

Mozambique has a very low per capita consumption level of electricity and a large part of the 

population is still relying on traditional biomass to meet their energy needs. Moreover, a substantial 

part of the population still lacks access to clean water. Electricity will play an important role in 

reducing poverty and increase the welfare. There are many solutions and projects working to 

electrify the country and provide fresh water. Government programs and institutions work to 

expand the electrical grid and to reach a higher degree of electrification while they also investigate 

potential energy resources such as the expansion of hydropower and map the solar and wind 

potential in the country. Off-grid electricity solutions are necessary for the expansion of rural 

electrification and this is also an area in which government institutions work, often together with 

international funders. In an increasingly climate-thinking world, it is necessary to work and plan in 

long-term and the work for a greener energy sector is ongoing in Mozambique. 

The Emergency Energy Module is a project and solution to provide electricity and fresh water to 

villages or parts of villages. It is a flexible module containing different components to produce 

electricity for distribution through a mini-grid. The purpose of this paper is to evaluate if an 

implementation of an Emergency Energy Module would be profitable from both the users’ 

perspectives, with regard to their needs being met by the module, and from the investor’s 

perspective; that it provides a desirable return as an incentive to roll out the project. The villages of 

Quirimize and Nicuita in the province of Cabo Delgado in the northern Mozambique will be 

studied in this paper. 

The evaluation of the two villages includes finding a balance between the demand of electricity and 

the capacity of the Emergency Energy Module system. The demand was found out by interviews 

with representatives in both villages.  A cost comparison has been done of different component 

designs of the flexible module in order to find the most adapted design for the two villages from a 
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cost perspective. The costs and possible revenues of a possible implementation have also been 

calculated to finally present the profitability analysis in terms of payback period of the project. The 

most adapted design of the Emergency Energy Module is one containing a biomass gasifier and 

solar panels. The implementation will be financially viable if some type of funding or subsidization 

is found to cover part of the upfront costs.  
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Sammanfattning 

I Moçambique är en större del av befolkningen fortfarande beroende av traditionell biomassa för 

att kunna tillgodose sina energibehov och landet har en väldigt låg elkonsumtion per capita. En 

betydande del av befolkningen saknar dessutom tillgång till rent dricksvatten. Elektricitet kommer 

spela en betydande roll i fattigdomsbekämpningen och för att öka välfärden i landet. Det finns 

många lösningar och projekt som arbetar med att förse befolkningen i Moçambique med 

elektricitet och drickbart vatten. Statliga program och institutioner arbetar med att utöka elnätet för 

att nå en högre grad av elektrifiering samtidigt som de också undersöker potentiella energikällor 

såsom utökningen av vattenkraft och kartläggning av sol- och vindpotential i landet. Off-grid 

lösningar är nödvändiga för utbyggandet av elektricitet på landsbygden och statliga institutioner 

arbetar även inom detta område, ofta tillsammans med internationella finansiärer. I en alltmer 

klimatanpassad värld är det nödvändigt att arbeta och planera långsiktigt och arbetet för en grönare 

energisektor pågår i Moçambique.  

Emergency Energy Module är ett projekt och en lösning som kan tillverka elektricitet och 

dricksvatten till byar eller delar av byar. Syftet med denna uppsats är att undersöka lönsamheten av 

en implementation av en Emergency Energy Module både utifrån användarnas perspektiv, att 

deras behov tillgodoses, och utifrån investerarnas perspektiv, att implementationen skulle generera 

en avkastning som ger incitament att genomföra projektet. De två byarna Quirimize och Nicuita i 

norra Moçambique kommer ligga till grund för undersökningarna i detta projekt.  

Undersökningen av de två byarna har inkluderat att finna en balans mellan efterfrågan av 

elektricitet och systemkapaciteten av Emergency Energy Module.Efterfrågan på elektricitet har 

samlats in via intervjuer med representanter i de båda byarna. En kostnadsjämförelse har också 

utförts mellan de olika komponentutföranden som den flexibla modulen kan ha, för att hitta det 

mest anpassade utförandet för de två byarna utifrån ett kostnadsperspektiv. Kostnaderna och de 

möjliga intäkterna har också beräknats för att slutligen presentera en lönsamhetsanslys i form av 

återbetalningstid för projektet. Den mest anpassade utformningen för Emergency Energy Module, 

var, i detta fall, en modul som består av en biomassa anläggning och solpaneler. Implementationen 

kommer vara finansiellt genomförbar om någon sorts finansiering eller subventionering hittas för 

att täcka delar av investeringskostnaderna.  
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1 Introduction 

In this chapter there will be a presentation and an introduction to the study of this paper. It will 

start with presenting a background to the study, then the problem specification and objectives will 

be described. Finally the constraints made in the study will be presented. 

 

1.1  Background 

Energy is an important source for economic growth and poverty reduction. It is important in all 

sectors especially when producing electricity (The World Bank Group, 2009). The number of 

people in the world, 2011, without access to electricity is approximately 1.3 billion, which 

represents about 20 percent of the total population in the world (IEA, 2011). Unless new policies 

and approaches are adapted the IEA estimates that 1 billion people will still lack electricity in 2030 

(IEA, 2012). Access to electricity improves both the basic services such as for instance a clinic to 

be able to keep their medicines cold but it also helps owners of small business to provide a steady 

increase in local growth. 

Another great problem around the world, especially in the developing world, is the lack of access 

to fresh water. There are 1 billion people in the world that lack access to clean water (Arnal, et al., 

2010). Every year 340 million people die in the world as a result of water, sanitation and hygiene 

causes.  Nearly 99 percent of these deaths occur in the developing world (Water.org, 2010). 

Mozambique, a sub-Saharan country, is one country that has a low degree of electrification and the 

access to fresh water is lacking in several places. In Mozambique, which is one of the poorest 

countries in the world, only 14-15 percent of the households were connected to the national grid in 

2011 and extending the grid is expensive (Sida, 2011). Therefore, it is especially difficult for remote 

rural areas to get access to electricity and this requires an alternative, off grid solution.  

There are several different projects trying to find an off-grid solution to provide people with 

electricity and fresh water. One such project is the Emergency Energy Module, EEM, which is a 

scientific project financed by InnoEnergy (InnoEnergy, 2013). The project involves both 

researchers from a number of different universities and undergraduate and postgraduate students 

at the Royal Institute of Technology in Stockholm, Sweden. The aim of the project is to design a 

module to provide clean drinking water and electricity for communities that have been affected by 

natural or anthropogenic disasters. The module could also be used in villages without or with lack 

of access to electricity and fresh water.  The EEM uses available renewable resources to provide 

clean water and electricity. It contains a wind turbine, an array of solar panels, a biomass gasifier 

and a water purifier. The system is integrated and stores power in batteries or distributes electricity 

to a mini-grid (Explore-Polygeneration, 2012).  

 

The purpose of the EEM is to develop a solution that is both technically and economically viable 

to use in areas that, due to for instance natural disasters or infrastructural problems and 

inaccessible location, have inadequate access to clean water and electricity. Another objective is 

that the energy module should be a sustainable solution with regard to economical as well as 

environmental aspects and use renewable energy sources in an efficient way. The ability to use a 

number of different technologies within the energy module makes it flexible and creates the 
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possibility to adapt the module according to the specific conditions of the site where it is supposed 

to be used.  

 

1.2 Problem specification 

An implementation of an EEM in Mozambique involves a number of problems that have to be 

solved in order to achieve a sustainable success in the implementation. One of these problems is to 

evaluate if the implementation will be profitable in terms of the needs of the local residents and the 

return for the investors and this will be assessed in this paper. The purpose is to make an 

economic evaluation of the implementation and present a profitability analysis that could be a 

decision basis for implementations of an EEM in Mozambique. 

 

1.3 Project objectives 

The overall objective with the project is to investigate if an implementation of an EEM would be 

profitable. The overall objective could be broken down into a set of sub objectives: 

- Identify the demand of electrical power and water at each site in Mozambique and calculate 

the average electricity consumption per year.  

- Calculate the possible amount of electricity supplied households in each village due to the 

capacity limitations of the EEM. 

- Make a cost comparison of the different possible EEM designs and decide on the most 

adapted solution for each site. 

- Calculate the annual electricity production from the different energy sources of the EEM 

based on the conditions of the different sites, the chosen design of the EEM and the 

number of households. 

- Calculate the annual cash flow for each site. 

- Calculate the present value and payback period to make a profitability analysis of the 

implementation at each site. 

 

1.4 Constraints  

The following constraints have been made in this project: 

- The evaluation in this project will only consider two specific villages in Mozambique and 

their specific conditions, which gives a site specific result. 

- The calculations and assumptions made in the project are based on an EEM that 

distributes the produced electricity through a mini-grid. Other options such as battery 

charge and pick up are not considered.  

- The EEM is, except by producing electricity and clean water, able to provide heat and also 

cooling, but this function will not be considered or evaluated in this project based on the 

climate and the primitive conditions of the villages.  
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- The calculations will assume a basic EEM design in terms of brand and model of the 

components but some of the component capacities may differ from the basic design.  

- The costs considered in the calculations within this paper are estimated and not all costs 

are included in the calculations.  

- All the calculated results are theoretical and do not consider factors such as losses within 

the electrical system. 

2 Literature study 

In this chapter there will be a presentation of Mozambique focusing on the parts with importance 

of an implementation of an Emergency Energy Module. This includes a description of the political 

and economic situation, the energy situation and the water situation. A presentation of the 

province and villages where the research for this paper was conducted will also be provided as well 

as a closer presentation of the Emergency Energy Module.   

 

2.1 Mozambique 

Mozambique is situated on the southeastern coast of Africa. The country was for a long period in a 

colonial rule by Portugal but became an independent republic in 1975 (Chambal, 2010). The 

population of Mozambique in 2011 was almost 24 million with an annual population growth of 2 

percent (Worldbank, 2011). Mozambique is endowed with a variety of natural resources including 

forests, water resources, marine resources and large basins of natural gas and deposits of coal 

(Mahumane, et al., 2012). The location by the Indian Ocean gives access to water transportation 

and Mozambique offers harbor and transportation facilities to land-locked neighboring countries. 

The coastal zone of Mozambique also provides relatively easy access to food and employment 

opportunities and almost two-thirds of the population lives by the coast (Chambal, 2010).  

Further in this section there will be a closer look at the current political and economic situation of 

Mozambique including the business environment in the country. 

 

2.1.1  The political situation  

When Mozambique gained independence from Portugal in 1975 the party Frelimo, Frente de 

Libertação de Moçambique - Mozambique Liberation Front, emerged from a militant freedom 

movement and became the party in power. This was followed by 16 years of civil war between 

Frelimo and the resistance movement Renamo, Resistência Nacional Moçambicana - Mozambican 

National Resistance. In the early 1990’s, a peace agreement was signed, the Rome Peace Accords, 

by the warring parties and the war ended (Sitoe, et al., 2005). 

The first general election in Mozambique was held in 1994, with Frelimo as the winner to remain 

the party in government. Frelimo has also won all subsequent multiparty presidential, 

parliamentary and local elections, though some have been disputed by Renamo and other, smaller 

opposition groups (BBC News Africa, 2012).  
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The Frelimo party is still today the ruling party, with the head of state and government being 

President Armando Emílio Guebuza and the Prime Minister Alberto Clementino António Vaquina 

(Electoral Institute for Sustainable Democracy in Africa, 2012). The executive power is executed 

by the Government, while the legislative power is executed by the parliament. The members of the 

parliament are elected in a system based on proportional representation with closed party lists and 

the 11 provinces of the country as constituencies. For a party to gain representation in the 

parliament, it needs 5 percent of the votes in a constituency. The members of the parliament 

cannot be removed during their five-year parliamentary term of office, even if they leave their 

parties (Sitoe, et al., 2005).  

Although today there are plenty of registered parties in the Mozambican political system, the 

country in practice remains a two-party system with Renamo as the principle opposition to the 

party in government, Frelimo (Sitoe, et al., 2005). 

 

2.1.2  The economic situation 

The economy of Mozambique has succeeded in sustaining a long period of high growth, with a 

rate averaging 7.5 percent per year between 1993 and 2009. The drivers of the economic growth 

were large inflows of Foreign Direct Investment linked mainly to the electricity, tourism, mining 

and construction and telecommunications sectors, high levels of Official Development Assistance 

and strong growth in the agriculture sector (African Development Bank Group, 2011). In 2011 the 

boost in the coal production coupled with strong performance in the financial service sector, 

construction and transport and communications were also added as drivers of the economic 

growth (African Economic Outlook, 2012). Moreover, there was a reduction of the inflation in 

2011 as a result of the Central Bank’s consistent tight monetary policy supported by a prudent 

fiscal policy. This will be continuing and will hopefully allow, when stabilization is reached at 5.6 

percent, a monetary policy easing targeting credit expansion (African Development Bank Group, 

2011).  

Despite the high economic growth Mozambique is one of the poorest countries in the world, 

ranked as the 4th country from the bottom in the Human development index 2011 (UNDP, 2011) 

and with 54.7 percent of the population living below the poverty line according to the World Bank 

2008 (The World Bank, 2008). The Poverty Reduction Plan 2011-2014 is a medium-term strategy 

of the Government of Mozambique for putting the Five-Year Government Program (2010-2014) 

into operation. The strategy is part of the National Planning System and is aligned with the vision 

of Agenda 2025, designed to help achieve the Millennium Development Goals, with the focused 

objectives to combat poverty and promote a culture of work to achieve inclusive economic growth 

and reduce poverty. To achieve the objective of inclusive economic growth for reducing poverty, 

the Government has defined general objectives. These objectives, to which government efforts will 

be directed, are: to increase output and productivity in the agriculture and fisheries sectors, to 

promote employment linked to the development of small and medium sized enterprises and to 

foster human and social development, while maintaining a joint focus on governance and 

macroeconomic affairs and fiscal management (International Monetary Fund, 2011). Energy will 

play an increasingly important role in the economic development of Mozambique in the near 
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future and it is also a factor needed to develop and lift the population out of poverty (Mahumane, 

et al., 2012). 

 

2.1.3  The business environment in Mozambique 

According to the World Bank’s report Doing business in Mozambique 2013, Mozambique was ranked 

as number 146 of 185 in the ease of doing business index. The Sub-Saharan regional average was 

140 (World Bank, 2013). The ten topics included in the index calculations and the rankings of 

Mozambique in each topic in 2012 and 2013 are presented in table 1.  

 

 

Topic Rank 2012 Rank 2013 

Starting a business 82 96 

Dealing with construction 

permits 135 135 

Getting electricity 174 174 

Registrating property 160 155 

Getting credit 127 129 

Protecting Investors 46 49 

Paying taxes 103 105 

Trading across borders 135 134 

Enforcing contracts 132 132 

Resolving insolvency 146 147 

Ease of doing business 139 146 

Table 1, The ranked topics of Mozambique (World Bank, 2013) 

 

As shown in the table 1, Mozambique has overall got a less good rank 2013 than 2012. This is 

probably explained by the fact that other countries have made progress in their work towards 

better business climate and have received better ranks. Mozambique has received better ranks in 2 

of the topics and less good ranks in 5 of the above topics (World Bank, 2013).  

In the Global Competiveness Index 2012-2013, Mozambique was ranked number 138 out of 144 

economies. Compared to neighboring countries, South Africa was ranked number 52 and 

Zimbabwe number 132 (World economic forum, 2013). The rank of Mozambique is probably a 

result of the remaining constraints to the private sector investment, trade and operations due to 

high costs of financing, excessive regulatory barriers and fiscal burden, poor market access, a 

poorly qualified work force, weak entrepreneurial skills and lack of horizontal and vertical linkages 

(African Development Bank Group, 2011).  

The currency of Mozambique is called Mozambican metical (plural: meticais) abbreviated with the 

symbol MZN or Mt (Banco de Mozambique, 2012). The exchange rates used in this paper is 

presented in Appendix A.  
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2.2  The energy situation in Mozambique 

In this section there will be a presentation of the current energy situation in Mozambique. The 

domestic energy demand will first be described. Electricity is regarded as the most useful and 

diverse source of energy (Arthur, et al., 2012). Therefore the electricity situation in Mozambique 

will thereafter be described including the energy resources used to produce electricity, the major 

players in electricity supply, grid electrification, off-grid and rural electrification, the government 

institutions in the energy sector and the energy policies in Mozambique.  

 

2.2.1  Domestic energy demand 

The Mozambicans today are heavily reliant on non-commercial energy or traditional forms of 

energy such as wood, charcoal and kerosene (Mahumane, et al., 2012). The mix of domestic energy 

depends on the prices of the energy sources and on the capability of the household to invest in the 

needed appliances for energy use (Arthur, et al., 2012). Wood fuel is the major household energy 

source in Mozambique and is primarily used for cooking (Chambal, 2010). Kerosene is used by the 

households for lighting (Arthur, et al., 2012).  The use of wood fuel is inefficient since much of the 

energy available is wasted; an average efficiency is estimated to be less than 10 percent.  It also 

contributes to an unhealthy environment and every year about 1.6 million people worldwide, 

mainly women and children, die prematurely due to exposure to indoor air pollution from wood 

fuel combustion. This number is expected to increase to almost 9.8 million by 2030 (Cuvilas, et al., 

2010). Women and children in developing countries such as Mozambique also spend a lot of time 

on fuel collection and cooking during daytime instead of income generation or education. Access 

to higher-grade energy sources such as electricity would benefit households in terms of efficiency, 

time saving and reducing hazards connected to the use of traditional energy sources including 

wood, charcoal and kerosene. The access to electricity would also allow a greater variety of end-

uses, including the expansion of the income generation basis (Arthur, et al., 2012).  A mention has 

to be made however that access to electricity at the first level involves access to illumination, cell-

phone charging and the use of other basic electrical devices. The use of electricity for cooking will 

only occur in a higher level of access to electricity.  

The use of charcoal also has a further great disadvantage.  It has been referred to as one of the 

main causes of deforestation in Mozambique, which contributes to higher costs of traditional 

biomass in terms of wood fuels. This, on the other hand, has made modern energy more 

competitive (Arthur, et al., 2012). The Government of Mozambique has, as an attempt to regulate 

the production of wood fuel, issued two types of harvesting licenses, called simple license and 

concession license but nevertheless the charcoal production is, in the majority of the cases, illegal. 

However, the production and trading of charcoal contributes positively to the economy by 

providing employment, tax revenue and incomes for rural areas. It is estimated that between 2005 

and 2006 around 15 percent of the population in Mozambique was involved in the business of 

production and trading of charcoal (Cuvilas, et al., 2010).  
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2.2.2  Electricity as a domestic energy resource 

The source of energy regarded as the most diverse and useful is electricity. In the context of 

household environment, electricity offers the cleanest and safest energy supply, not considering the 

health hazards of damaged or non-standard wiring (Arthur, et al., 2012). Electricity does not just 

have an advantage in the context of household environment, the availability of electricity is also 

essential because it has a positive impact on poverty reduction and it is a factor in promoting the 

structural changes necessary for economic growth (Nhete, 2007). 

However, Mozambique has a very low per capita consumption level of electricity with about 80 

percent of the population still relying on traditional biomass to meet their energy needs (Chambal, 

2010). The electricity consumption is largely confined to the privileged urban middle and upper 

income groups (Nhete, 2007). The national public electricity company EDM has invested heavily 

in electrification programs and since the expansions of electrical grids support future economic 

and social development they remain a priority for the company (Bucini, et al., 2010). There are 

three important issues that must be resolved to increase the number of electrical consumers, when 

planning for domestic electricity. These issues are access, capital investment and affordability. In 

order to reach a larger part of the population the extension of the grid in rural and urban areas 

must continue.  The cost of the connection to the grid and the acquiring of electricity consuming 

appliances also need to be at a level the consumers are able to afford. And finally the electricity 

price must be competitive to other domestic energy resources in order to increase the number of 

electrical consumers (Bucini, et al., 2010). The low access to electricity inhibits the transition from 

subsistence economy to market economy as well as the development of competitive industry, 

which affect the ability to create employment (Utrikesdepartementet, 2008). Mozambique has, 

however, great potential for electricity production especially from hydropower and a description of 

the electricity sector will follow in the remaining part of this section.  

 

2.2.3  Energy resources 

Mozambique has largely unexplored natural resources and great potential for hydropower, solar, 

wind and biofuels electricity production (Mahumane, et al., 2012). The current electricity 

production is however far from fulfilling the energy needs of Mozambique (Cuvilas, et al., 2010). A 

renewable energy Atlas involving the study of all existent renewable resources in Mozambique is 

currently under development, and therefore the full potential of each energy resource are not yet 

known (Tsamba, 2013). The major energy resources and their current known potential will be 

described below.  

 

2.2.3.1 Biomass and biofuels 

Biomass is a primary potential, though untapped source of both electricity and fuel in Mozambique 

and is increasingly seen as a modern energy resource. There are two primary categories into which 

biomass sources of energy can be divided, modern biomass fuels and devices and traditional fuels 

and devices.  The modern biomass fuels include sources that could either be converted to liquid 

fuels for use in the transport sector or it could be burned to produce steam to generate electricity. 

The traditional fuels, mostly wood fuel and charcoal, are primarily used for cooking but, through 
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the use of pellets and briquetting, traditional fuel can be converted and used in electricity 

production (Hankins, 2009).  

The modern biomass and biofuels potential in Mozambique is untapped with estimates of more 

than 30 million ha of arable land that currently is unused (Mahumane, et al., 2012). During recent 

years great attention has been given to liquid biofuels as a way to reduce the dependence on 

imported fuels. By the utilization and marketing of locally available resources, job opportunities 

and help to alleviate poverty it is believed that biofuels can contribute to the development of rural 

areas (Cuvilas, et al., 2010).  

The potential of biomass from agricultural harvesting and processing residues is limited in 

Mozambique today. This is because of the lack of logistics for collecting and processing such 

resources which has a tendency to be costly. There are many agricultural crops with high potential 

of energy such as coconut, cashew nut, sugar cane and rice and the possible biomass energy that 

could be recovered from it could be great.  The use of residues from forest logging and sawmills is 

also very limited (Cuvilas, et al., 2010). 

 

2.2.3.2 Hydropower 

Water and hydropower is another renewable source of energy in Mozambique with great potential.  

Mozambique is enriched with a lot of rivers emptying into the Indian Ocean and giving a great 

potential for hydropower. There is an estimation of hydropower generation potential in 

Mozambique that is around 12 500 MW (Chambal, 2010). Most of this potential is located in the 

Zambezi valley and the Zambezi River (Cuvilas, et al., 2010). One of the largest hydropower 

installations in Africa is The Cahora Bassa Hydroelectric Dam, and it is situated at the Zambezi 

River in Mozambique. Hydropower is the major energy source used for electricity production in 

Mozambique. According to the data from the World Bank the electricity production from 

hydroelectric sources, 2010, was 100 percent of the total electricity production in Mozambique 

(World Bank, 2010). 

 

2.2.3.3 Other renewable energy resources 

The geographical conditions of Mozambique are favorable for existence of reasonable wind 

resources. Wind energy resources can be classified into two categories, electricity production and 

mechanical applications such as water pumping (Cuamba, et al., unpubl.). The use of wind energy 

for water pumping has been used for a long time in Mozambique, especially in remote regions 

(Hankins, 2009). Mozambique also has large potential for off-shore wind energy resources that 

could be used for electricity production (Mukasa, et al., 2012). Measurements of the wind power 

potential is done at several locations in Mozambique and there are plans of doing further measures 

in more locations in order to map the wind power potential in the country (Cuvilas, et al., 2010). 

The measurements of the wind speeds that have been done at four sites in Mozambique with the 

anemometers at 10 m and with thirty years of data from Instituto Nacional de Meteorologia, 

between the years 1971-2000, are shown in table 2 (Hankins, 2009).  
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  Mavalane Beira Mocimboa Lichinga 

Latitude 25°55ʾ 19°48ʾ 11°21ʾ 13°14ʾ 

Longitude 32°34ʾ 34°54ʾ 40°22ʾ 35°14ʾ 

Altitude (m) 39 8 27 1364 

Months Wind speed (m/s) 

January 4.1 3.7 4.2 3.2 

February 4.0 3.6 4.2 3.1 

March 3.4 3.5 4.2 3.6 

April 3.1 3.2 4.6 4.2 

May 3.2 2.8 3.6 4.0 

June 3.0 2.9 5.5 4.0 

July 3.7 3.1 6.7 4.2 

August 3.7 3.5 5.3 4.1 

September 4.3 3.9 4.7 4.4 

October 4.1 4.2 5.3 4.7 

November 4.1 4.1 5.3 4.4 

December 4.0 3.9 4.8 3.5 

Average of 

each station 3.7 3.5 4.9 3.9 

 

 

 

The highest and most outstanding average wind speed is found in Mocimboa in the northern part 

of Mozambique, in the province of Cabo Delgado along the coast line. The highest measured wind 

speed in Mocimboa is during the winter season from June to August. The other three measured 

locations have almost the same average wind speed even though two of them are located close to 

the sea but further south than Mocimboa and one located at a plateau with an altitude of about 

1360 meters (Hankins, 2009). 

The solar power potential in Mozambique is great but the solar conditions have not yet been well 

studied (Cuamba, et al., 2006) The annual solar radiation is estimated to be thousands of times 

more than the country’s current annual energy demand, with an annual daily average at 5.7 

kWh/m2/day. The highest average insolation, found out of four different measured sites in 

Mozambique, as shown in figure 1, is found in Pemba, the province capital of the northernmost 

province Cabo Delgado. During the spring months of September to December the highest 

insolation measurements are found. Maputo, the capital of Mozambique, has got the lowest 

average insolation of the four locations that has been measured as showed in figure 1 (Hankins, 

2009).  

Table 2, Average monthly wind speed at four different sites in 
Mozambique, (Hankins, 2009) 
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Figure 1, Insolation at four sites in Mozambique (Hankins, 2009) 

 

There are also potential of both ocean and geothermal energy resources in Mozambique although 

their explorations have not yet been considered (Cuvilas, et al., 2010).  

 

2.2.3.4 Fossil Fuels 

Mozambique has large sedimentary basins of natural gas, three large on-shore reserves and one off-

shore that are researched since there probably exists further gas and oil reserves within it 

(Mahumane, et al., 2012). Mozambique also uses a lot of imported oil and is very sensitive to 

variations in the oil price due to the fact that the stocking capacity is very limited. Several projects 

are ongoing at different locations in the country to increase the stock capacity and minimize the 

effects of the variations (Cuvilas, et al., 2010). Out of the gas production in Mozambique almost 

everything is exported to South Africa; only around 1.2 percent of the production is used locally 

out of which 1.1 percent by the industry and the rest for electricity generation (Cuvilas, et al., 

2010). 

There are three large deposits of coal in the Tete province of Mozambique and the life of the 

mines has been calculated to about 35 years (Cuvilas, et al., 2010). Massive deposits of coal have 

also recently been discovered in the same province (Mahumane, et al., 2012). The major mines are 

currently developed by a Brazilian coal company, Companhia Vale do Rio Doce, and most of the 

produced coal is intended for export (Nasdaq, 2012). In 2011 the first oversea shipment of coal 

was made from Mozambique, placing the country on the global coal market. The coal sector will 

probably continue to expand and attract large investments helping the economy of Mozambique to 

grow (African Economic Outlook, 2012).   
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2.2.4  The major players in supply of electricity 

There are three dominating players in the supply of electricity in Mozambique. These are the 

government owned company Electricidade de Mozambique, EDM, Hidroelectrica de Cahorra 

Bassa, HCB, the private company that manages and operates the Cahora Bassa Hydro Electric 

Power Station and the Mozambique Transmission Company, MoTraCo, a joint venture company 

between the power utilities of Mozambique, South Africa and Swaziland (Nhete, 2007). The 

development of the power supply sector is dependent on donor funding and the funding agencies 

could be divided into two categories; lending institutions providing credits and grants donors 

(Chambal, 2010). 

EDM is a state-owned company which was set up in 1977 with the objectives to establish and 

operate public service in generation, transmission and distribution of electricity (Electricidade de 

Mozambique, 2013).  The company operates today in terms of a three-year performance contract 

with the Government and is involved in all stages of the electricity supply chain. EDM also 

manages the electricity tariffs that are unified and rural electrification activities are therefore cross-

subsidized.   A Master Plan has been prepared by EDM in order to expand the country’s national 

power grid and distribution networks with the goal of by the year 2020 reaching 15 percent of the 

population compared to the present 6 percent (Chambal, 2010). The EDM customers today are 

approximately 250 000, with 50 percent of them living in the Maputo area (Nhete, 2007). 

HCB manages and operates the Cahora Bassa Hydro Electric Power Station located in the 

Zambezi River, which supplies almost exclusively the electricity distributed through the national 

grid (Ahlborg & Hammar, 2012). The company was commissioned in 1974 by the Portuguese but 

after prolonged negotiations in 2006, the ownership of HCB was transferred from Portugal to 

Mozambique (Mulder & Tembe, 2008).  

MoTraCo was established during 1998 as a joint venture between the three electricity companies 

EDM in Mozambique, Eskom Holding Limited in South Africa and Swaziland Electivity Board in 

Swaziland (MOTRACO, 2013).  They are supplying electricity from South Africa to Swaziland and 

Maputo with mainly industry customers. In Mozambique the power supply is primarily for the 

Mozal aluminum smelter (Chambal, 2010). Due to lack of direct transmission infrastructure the 

electricity from Cahora Bassa Hydro Electric Power Station, meant to supply the southern parts of 

Mozambique, has to be wheeled from the power stations via South Africa using the transmission 

lines of MoTraCo (Mulder & Tembe, 2008).  

 

2.2.5  Grid electrification 

In Mozambique there were 14-15 percent of the households that were connected to the national 

grid in 2011 (Sida, 2011). The high costs relative to local incomes is one of the main problems of 

electricity access since the consumers need to balance their expenditure on electricity with their 

other expenditures (Chambal, 2010). It is a great difference of electrification between urban and 

rural areas, the area of Maputo has the highest degree of electrification whereas parts in the 

northern country have the lowest (Sida, 2011)  
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The major part of the electricity distributed through the national grid is supplied by the 

hydropower stations, almost exclusively from the Cahora Bassa Hydroelectric Power Station 

(Ahlborg & Hammar, 2012). The availability of existing and future hydroelectricity is great and the 

costs are estimated to be relatively low and therefore rural electrification in Mozambique is first 

and foremost a matter of extending the national grid (Mulder & Tembe, 2008). The expanding of 

the grid however is associated with several problems and barriers that have to be considered, 

briefly described as lack of investment, inadequate basic infrastructure, huge cost of installation 

and lack of market network (Chambal, 2010).  A closer description of some of the problems are 

that, firstly there are great distances to be covered and this geographical barrier results in high costs 

per connection and the national electricity company, EDM, will not extend the grid if it is not cost 

effective and therefore the expansion of the electrical grid is moving slowly (Sida, 2011). The long 

distances also contribute to significant transmission losses and the power supply becomes fragile at 

the outskirts of the grid. Secondly extending the grid means a very long-term payback period since 

the majority of the households in rural and peri-urban areas cannot pay the connection cost 

(Ahlborg & Hammar, 2012). These households actually pay more per kWh than those who have 

access to electricity in urban areas (Chambal, 2010). Thirdly the traditional building techniques of 

the houses make them unsuitable for electrification according to current technical standards. 

Fourthly the occurrence of cyclones along the coast can easily damage the power infrastructure and 

an investment in grid extension therefore comes with a risk of that. It is unlikely, at the current 

pace, that the national grids can be extended enough to provide the majority of the rural 

population with electricity within a foreseeable future (Ahlborg & Hammar, 2012). According to 

the calculations within the report of Energy outlook based on data and some assumptions there 

could still be 17.5 million people in Mozambique without access to the grid by 2030 (Mahumane, 

et al., 2012). 

EDM applies cross-subsidization on a large scale, a process that has been made automatic by the 

application of a uniform tariff structure throughout the country. In the poor and remote regions 

where the electricity supply and distribution are more expensive than the tariff charged due to long 

distances, low customer density and combined with low consumption per customer, cross-subsidy 

takes place from the more lucrative southern regions. The tariff structure across user categories is 

also progressive and the customers with greater domestic consumption, which indicates a greater 

income and hence higher affordability, have a higher unit rate. Thus the policy charges the wealthy 

customers more in order to subsidize low-income customers (Chambal, 2010).  

The current electricity tariffs used by EDM are shown in table 3. The customers pay less for the 

first kWh and then more for higher electricity consumption. It is also possible to pre-pay for the 

electricity which results in cheaper electricity per kWh if one uses more than 500 kWh (EDM - 

Electricidade de Moçambique, E.P. , 2013).  
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Recorded 

Consumption 

(kWh) 

Household 

Tariff 

(Mt/kWh) 

From 0 to 100   

From 0 to 200 2.34 

From 201 to 500 3.11 

Above 500 3.27 

Pre-payment 2.98 

Table 3, Electricity Tariffs, Sale Price, Household Tariff, (Low voltage) (EDM - Electricidade de 
Moçambique, E.P. , 2013) 

 

EDM allows payments through deposits into bank accounts, were the actual payment is done at an 

ATM, and through direct debit. (EDM - Electricidade de Moçambique, E.P., 2013). 

 

2.2.6  Off-grid and rural electrification 

An important solution of supplying rural areas without having to invest in expensive transmission 

is off-grid electrification such as autonomous generation or small decentralized electric grids. The 

off-grid solution is in many cases necessary if particular rural communities are to have electricity 

within the nearest decades, and the solution is therefore not just temporary. Currently diesel 

generators are mostly used to power off-grid systems in Mozambique. This means a dependency of 

fuel transportation and it also results in a higher running cost per kWh than the grid connected 

systems and also inadequate managing. Lately, though, small-scale renewable energy technologies 

have entered a higher degree of recognition within the rural areas (Ahlborg & Hammar, 2012).  

 

The National Fund for Rural Electrification, FUNAE, is in practice nationally responsible for rural 

off-grid electrification in Mozambique. They install off-grid installations according to planning by 

central government and provincial directorates. Rural electrification is dependent on international 

funding because of the lack of capital (Ahlborg & Hammar, 2012)  

The electricity provided by off-grid solutions is expensive and far too much for the population in 

the rural areas to afford. Therefore the price is subsidized by the Government, and the final cost 

that the end-users have to pay, depending of what kind of solution that provides the electricity, is 

in average between $3-12 per month (Rodrigues, 2013). How the subsidies are managed was 

described earlier in the section 2.2.5 Grid electrification. 

 

2.2.7  Government institutions in the energy sector 

The key governmental institutions in the energy sector consist of three ministry departments. The 

Ministry of Agriculture is responsible for the all-important forestry resources, the Ministry of 

Energy has the prime responsibility for the energy sector and the important potential role in 

documenting and monitoring the effects of both the extraction and end use of energy resources is 

managed by the Ministry for the Coordination of Environmental Affairs (Chambal, 2010). Under 

the ministries there are a line of directorates and institutions. 
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The Ministry of Agriculture, MINAG, in Mozambique was created 2005 and manages traditional 

forest-based fuels. It is the central organ of the state apparatus that directs, organizes and ensures 

the implementation of policies in the areas of land, agriculture, livestock, forestry, wildlife and 

hydraulic agriculture in accordance with the principles, objectives and tasks set by the 

Government. The MINAG is working within the principles of sustainable exploitation of natural 

resources (Ministério da Agricultura, 2013). 

 

The Ministry of Energy, MoE, has the responsibility for development within the energy sector. 

This includes policy formulation and follow-up of policy implementation, initiation and 

formulation of regulations and rules on safety and environmental aspects related to the energy 

sector and inspection of their fulfillment, regulating and supervising activities in renewable energies 

and in the electricity and liquid fuels sub-sectors (Hankins, 2009). Under the Ministry of Energy 

there are several technical units whereas CNELEC, EDM, FUNAE and UTIP will be described 

below. 

 

The National Electricity Council, CNELEC, is an independent electricity regulator established on 

the basis of the Electricity Act 1997. Their responsibilities are hearing of customer complaints, 

setting up specific rules for each electricity segment, system of operation, approval of tariff 

increases, if it is not consistent with the concession agreement, and procedures and competence 

for award of generation and distribution concessions (African development bank group, 

Operations evaluation department, 2007). However it is organizationally weak, with few staff in 

place and the structure of the power sector in Mozambique is not yet requiring a regulatory 

function (Chambal, 2010). 

Electricidade de Mozambique, EDM is a state-owned company involved in all stages of the 

electricity supply chain (Electricidade de Mozambique, 2013). The company was described earlier 

in this paper at section 2.2.4, The major players in supply of electricity.   

The Government of Mozambique set up the National Fund for Rural Electrification, FUNAE, in 

1997, which as mentioned in section 2.2.6 Off-grid and rural electrification, has responsibility for off-

grid electrification (Chambal, 2010). The institution is committed to promote great access to 

electricity in a sustainable way, which contributes to the social and economic development of the 

country.  FUNAE provides financial aid and financial guarantees for economic and financial 

projects that are in tune with their stated objectives (FUNAE, 2013). They are involved in different 

energy programs summarized in all forms of energy supply, all forms of uses, all forms of finance 

and all forms of investments within rural electrification (Chambal, 2010). 

The Technical Unit for the Implementation of Hydroelectric Projects, UTIP, is suggested to 

become a more general development and promotion entity for power projects in Mozambique. 

The entity was established to develop and promote large-scale projects on the Zambezi River, 

where the Cahora Bassa hydropower station is situated (Chambal, 2010). 

The Ministry for the Co-ordination of Environmental Action, MICOA, has strong links to both 

MINAG and the MoE since MICOA has the responsibility for EIA approvals, Kyoto Protocol 

reporting and other similar tasks relevant to the energy sector. One of the key functions of 

MICOA is to coordinate the ministries about matters of the environment (Chambal, 2010).   
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2.2.8  Energy policy 

The National Electricity Master Plan presents a plan for a greener energy sector, poverty alleviation 

through overall national electricity access and on diversifying the country’s energy resources base 

using sustainable resources and end-use efficiency (Hankins, 2009). The master plan is an 

important tool in the electrification process of Mozambique with the target to increase access to 

efficient prices of electricity to reach twenty percent of the population by 2020. It is also a 

common guidance of the electrification in the country for all the stakeholders and an extensive, 

completed project document (Electrification and projects directorate; Amado, Luís, 2009).  

The governmental strategy has for a long time been to use the taxation of international electricity 

sales and megaproject investments to cross-subsidize rural electrification and financing 

electrification and transmission investments. Improving the performance of EDM has also been in 

the strategy for a long time. Mentioned as key principles to achieve the plan are development of 

renewable energy technologies and utilization of the private sector partners to implement projects. 

The specific plans for energy resources mostly look towards large hydropower projects but there is 

also a program to develop concessions for small scale hydropower, to complete the wind mapping 

and an establishment of pilot wind farms. The strategy plans also focuses on efficient use of fuel 

wood and regarding solar energy it is focusing on solar water heaters in buildings and the use of 

PV is limited to rural and remote area electrification (Hankins, 2009).  

 

2.3  The fresh water situation in Mozambique 

This section will describe the current water situation in Mozambique, access to clean water and 

water management. 

Access to clean and safe water is a basic human need and one of the most important ways to 

improve the health of the world’s population. It is estimated that over 1 billion people in the world 

lack access to clean water and the majority of these live in rural areas of the developing world 

(Mwabi, et al., 2011). In Mozambique over half of the population lives without access to safe 

water, which is more than the average of both Africa and the developing world in general (Arnal, 

et al., 2010). The problem exists especially in rural areas, but even in the cities the water price can 

be too high for all households to afford (Johnson, et al., 2008). The lack of domestic access to 

water, or opportunity to collect it in close proximity to the home, means that people often have to 

walk long distances to get water for daily drinking, cooking and other activities. In addition to this 

being a time- and energy consuming activity, the water collected is often of poor quality as it is 

retrieved from rivers, ponds and other unclean sources. This leads to health hazards due to 

waterborne diseases such as diarrhea, cholera and dysentery causing many deaths every year (Arnal, 

et al., 2010).  

Considering the serious problems that are connected to lack of clean water, the United Nations 

have set up a goal, as part of the Millennium Development Goals, MDGs, to halve the proportion 

of the population without sustainable access to safe drinking water and basic sanitation (United 

Nations, 2013). To achieve compliance with the MDGs, the Mozambican Water Policy was 

reviewed in 2007. This contains documents that highlight the need to improve rural water service 

provision and describe the roles and responsibilities of the stakeholders involved in rural water 

project implementation. The policy defines an aim in line with the MDGs; to increase access to 
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sustainable water supplies for at least 70 percent of the rural population by 2015 (WaterAid, 

Shamila Jansz, 2011). 

Moreover, at the national level, improvement of water quality and increased access to safe water 

has been set by the Mozambican Government as part of their poverty reduction strategies. In 

2001, the Government initialized a Poverty Reduction Strategy Paper, PARPA, which includes 

goals to establish an integrated water resource management system and build sanitized water 

supplies for all areas (Johnson, et al., 2008). These areas are covered by the National Directorate of 

Water, DNA, within the Ministry of Public Work and Housing, MOPH. The DNA has divided the 

country into areas, where a Regional Water Administration, ARA, is responsible for water 

management in each area. While urban water supply is managed by the Water Supply and 

Investment and Assets Fund, FIPAG, and the Council for Regulation of Water Supply, CRA, and 

urban sanitation by the municipalities, rural water supply and sanitation is the responsibility of the 

Water and Sanitation Department of the Provincial Directorate for Public Works and Housing 

(Gallego-Ayala & Juízo, 2011). 

 

2.4 Cabo Delgado 

This section presents the province, Cabo Delgado, and the villages, Quirimize and Nicuita, where 

research for this study was conducted. This is to give a better understanding of the conditions and 

environment in the province and villages with a special focus on the energy and water situation. 

Cabo Delgado is the northernmost province of Mozambique with a population of about 1.6 

million. The province consists of 16 districts and about 756 villages (Governo da Província de 

Cabo Delgado, 2007). The existing electricity access in the province is almost exclusively supplied 

by the national grid. The expansion of the national grid reached the rural areas of Cabo Delgado 

around 2003 but most villages still lack access to it. Due to the high investment costs of expanding 

the grid, many villages in the province will not be connected to the grid within the coming ten 

years. The high electricity installation cost is another great problem in the province, since the 

inhabitants of the villages with access to the grid cannot afford it (Afonso, 2013).  

Currently, there are some renewable energy projects in progress in the province of Cabo Delgado. 

The non-governmental Mozambican organization, Development Aid from People to People, 

ADPP, is implementing development projects in education, health, community development, food 

security and fundraising through second hand clothes (ADPP Mozambique, 2012). Projects within 

renewable energy resources are of importance to the organization. Among the current renewable 

projects that ADPP is involved in is a community based project in which farmers from different 

communities in the province have been mobilized to cultivate jatropha to produce bio fuel for 

local consumption. The jatropha is planted as hedges around the fields which also work as a 

natural fence against animals and vermin. The vegetable oil obtained from the seeds of jatropha is 

used for modified diesel engines, for domestic illumination and for soap productions. The 

produced bio fuel is used for combustion engines to generate electricity (ADPP Mozambique, 

2012).  

A partnership between ADPP and Environmental and Energy Programs, EEP, funded by MFA 

Finland, is funding a construction of bio digesters with the aim to produce biogas to the kitchen at 
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DNS Cabo Delgado, which is a teacher training college and residential homes, and at Bilibiza 

village health center and maternity ward (ADPP Mozambique, 2012).  

A third renewable energy project in the province of Cabo Delgado is an entrepreneurial solar 

energy project implemented by ADPP in partnership with the European Union. The aim of the 

project is to provide illumination based on clean energy, solar energy, to the local population who 

do not have access to the national grid. 40 solar recharging stations, each with 60 rechargeable 

lamps, has been installed in some of the villages of Cabo Delgado. The installations have given the 

population of the villages possibilities for different evening activities and provide possibilities for 

further education and income generation during dark hours. Different solar charging systems are 

also developed for use in households or in a school. The system box contains a battery which is 

charged by solar panels and the system could be used for charging lanterns and cell-phones (ADPP 

Mozambique, 2012).  

 

2.4.1  Quirimize 

The population of Quirimize is about 900 people living in 215 households. The village is located 

by the Indian Ocean and has great access to the marine life. The major part of the village 

population lives of fishery but there is also some agricultural work for their own needs. The 

average income per household in the village is 2500 Mt per month, i.e. 63 Euros. All days of the 

week look the same for the inhabitants of the village, it starts early when the men go to fish and 

most of the women take care of the fields, children and the cooking. There is no school or hospital 

in the village and to visit any of them the people have to walk long distances on roads that are in 

very bad conditions.  

There is no connection to the national grid in the village and due to the location of the village and 

the conditions of the roads to reach it there will probably not be a grid connection within a 

foreseeable future. The inhabitants use firewood for cooking which they collect in the forests 

around the village. They have access to small solar panels which charge batteries that are used to 

charge cell phones and for illumination. The price for a battery is about 5 Euros per month.  

There are six water pumps in the village of which two are working. These two pumps are not 

enough to meet the needs of the village and the water is very salt. An open well is used as a 

complement, but the water from it is in a very bad condition and is a contributing factor to a lot of 

diseases (Quirimize, 2013).  

 

2.4.2  Nicuita 

The Nicuita village is bigger than Quirimize with a population of about 2950 and about 1000 

households. The roads from the capital city of the Cabo Delgado province, Pemba, are paved and 

in relatively good condition. As in Quirimize, all the days of the week look the same and start early. 

As the location of Nicuita is far from the ocean the main part of the population works as farmers. 

The average income per household is 2000 Mt per month i.e. 50 Euros. The village has a school 

but no hospital.  
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There is no connection to the national grid in the village. Firewood and charcoal are used for 

cooking. The firewood is collected from the forests around the village and the charcoal is 

produced within the village. 

Currently there are three water pumps in the village of which two are working. The current water 

situation is not sufficient to meet the water needs of the village (Nicuita, 2013).  

 

2.5 Emergency Energy Module  

This section will further describe the Emergency Energy Module with a closer look at the different 

components, the structure of the system and some examples of similar and competing solutions 

existing on the market.  

The Emergency Energy Module, EEM, is a system of several integrated components intended to 

provide societies with electricity and clean water. The system, in the shape of a container unit, is 

flexible and can contain a wind turbine, solar panels and biomass conversion or diesel genset, and 

the components can be adapted according to the conditions of the particular site where the 

module is intended to be used. 

The EEM is a research project within the umbrella project Explore Polygeneration, which is a 

research and educational platform covering climate- and energy related research in a global 

perspective (Explore-Polygeneration, 2012). The term polygeneration refers to an idea of utilizing 

an incorporated energy system to simultaneously provide several products, such as electricity, heat, 

cooling, chemical products and/or clean water. Renewable energy sources play an important role 

as input fuels (Rubio-Maya, et al., 2011). 

As the EEM is a flexible system, several different types of products can be put in the position of 

each component to find the best suitable solution for every intended site of use and some different 

options are described in the following sections.  

 

2.5.1  The system of the Emergency Energy Module 

A summary of the system of the EEM is shown in figure 2. The different parts will be presented 

below.  
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Figure 2, The system of the EEM 

 

2.5.1.1 Solar  

Solar photovoltaic panels are used to convert sunlight into electricity, which is direct current in 

nature.  The advantages of solar energy are that the power source of the sun is free and the 

production of electricity from solar energy does not produce any pollution. Moreover, the 

technological advancements in solar energy systems have made them extremely cost effective and 

most of the systems do not require any maintenance during their lifespan, a lifespan that for most 

systems reaches 30 to 40 years. The disadvantage with solar energy is primarily the installation cost, 

which can still be expensive (Power Source Solar, Inc, 2008), although the installed prices of PV 

have declined depending on the system size and the period considered. Figure 3 shows the retail 

module pricing trends in Europe and the U.S. from March 2011 to March 2012.  As shown in 

figure 3 there is a downward trend in retail module prices. The trend can almost always be traced 

to adjustments of the factory gate. The factory gate prices are in turn driven by global 

supply/demand balance, by cuts in production costs and by changes in government incentives 

stimulating demand (NPD Solarbuzz, 2013).  

Solar Biomass Wind

Control system

Batteries Water pumpMini-grid

Clean waterElectricityEnergy storage
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Figure 3, Module retail pricing trends in United States and Europe from March 2011 to March 2012 
(NPD Solarbuzz, 2013) 

Solar panels are connected assemblies of photovoltaic cells (PV cells) used to convert sunlight into 

electricity. The basic function of a PV cell is shown in figure 3. Each PV cell consists of a junction 

between two layers of dissimilar semiconducting materials; one layer of “p” (positive)-type 

semiconductors and one layer of “n” (negative)-type semiconductors. Several different materials 

can be used for these semiconductors, although they are usually made from silicon (Boyle, 2004).  

In silicon-based semiconductors the n-type semiconductors are made from crystalline silicon, 

which is “doped” by addition of an impurity, usually phosphorus. Each atom of phosphorus has 

five valence electrons, compared to the four of a silicon atom, which gives the material a surplus of 

free electrons. In a similar way, the p-type semiconductor is doped with an impurity with fewer 

valence electrons, usually boron, which results in a deficit of free electrons in the material. The 

“missing electrons” are known as “holes”. The joining of these dissimilar semiconductors, known 

as the p-n junction, creates an electric field (Boyle, 2004). 

When photons of light fall on the p-n junction, their energy can promote some electrons to a 

higher energy level. This extricates the electrons from their valence bonds and thereby makes them 

free to conduct electric current by moving through the material, which creates additional holes in 

the material (Boyle, 2004).  

The attraction between electrons and holes in the vicinity of the junction area creates an electric 

field which acts as a diode, allowing electrons to flow from the p-side to the n-side, but not in the 

opposite direction. By adding an external current path to the system the electrons can flow from 

the n-side to the p-side, and the current together with the voltage caused by the electric field results 

in power (Boyle, 2004).  
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Figure 4, PV cell function (Everlight Corporation, 2006-2007) 

 

 

The majority of the PV cells on the market are so called “monocrystalline” cells, which means that 

they are made from extremely pure silicon with a single, continuous crystal lattice structure. 

Although this type of cell is highly efficient compared to others, it is also quite expensive and some 

progress has been made with developing the less expensive type of cell called “multicrystalline” or 

“polycrystalline”. These cells consist of small grains of monocrystalline silicon and are less difficult 

and expensive to manufacture and the efficiency is, although lower than for monocrystalline cells, 

improving and has reached quite satisfying levels (Boyle, 2004). 

PV cell efficiency is defined as the percentage of the solar energy to which the cell is exposed (U.S. 

Department of Energy, 2011). Most of the available products on the market today have an 

efficiency of about 15 % (Energimyndigheten, 2012). 

In the current system of the EEM, the solar panels that are being used are monocrystalline PV 

cells from Siliken S.A. (Siliken, S.A, 2013). For a more detailed technical specification of the panels 

used, see Appendix B.1. The panels are connected in series in two strings of 11 modules, adding up 

to a total of 22 modules. These panels will be used as a basis for the calculations conducted within 

this study.  

 

2.5.1.2 Biomass 

The biomass system is used to balance the unpredictable electricity production from wind and 

solar to attain a more reliable production. 

For the biomass conversion system there are several different options available, depending on 

available resources at the particular site. If the available biomass consists mainly of combustible 

biomass such as wood chips, a thermal conversion system is best suited, for example gasification 

(Amelin, 1998). This technology converts biomass into a combustible gas, which in turn can be 

converted into electricity via a combustion engine and a generator (McKendry, 2002).  

If the availability of biomass consists of for example animal and household waste, a bio-chemical 

conversion system such as anaerobic digestion is more suitable (Amelin, 1998). In this kind of 
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system a digester is used to convert the biomass into biogas, which is combusted in an engine and 

converted into electricity by a generator. This technology is planned to be used in a version of the 

module that is intended to be placed in Kenya, based on the high availability of cattle dung in that 

area (Kosk, et al., 2012).  

The biomass system that is currently used in the EEM is the 10 kWp Power Pallet from All Power 

Labs (GEK gasifier, 2013), which is a thermal conversion system that can run on for example 

wood chips and coconut shells. This system is also available with a 20 kWp capacity and which one 

is more suitable depends on the demand and other conditions at the intended site. For further 

technical specifications of the biomass system, see Appendix B.3. 

As a possible alternative to a biomass system a diesel genset could possibly be used as a 

complement to wind and solar power. If using a diesel genset the cost for the fuel will have to be 

taken into account as well as the sustainability aspect.  

 

2.5.1.3 Wind 

A wind turbine can be incorporated in the module if the intended site has adequate wind resources. 

The advantages of wind power compared to certain other technologies are that wind, like solar is a 

free source of energy and the wind power technologies of today make the extraction of wind 

energy very efficient. Another advantage is that the wind turbine does not take as much space as 

for instance solar panels. The main disadvantage regarding wind power compared to solar and 

biomass is the unreliability factor of the wind (Clean Energy Ideas, 2012). It could also be some 

noise pollution from the wind turbine which could be divided into the mechanical noise, produced 

by mechanical or electrical equipment, and the aerodynamic noise, produced due to the interaction 

of the air flow with the blade (Boyle, 2004). 

The energy contained in the wind is the kinetic energy and the power of the wind is the kinetic 

energy in the wind per second. This power is not the actual amount of power that can be extracted 

by a wind turbine, since losses are incurred in the energy conversion process. The power output of 

a wind turbine varies with the wind speed and every turbine has a characteristic wind speed-power 

curve, an example of such a typical wind speed-power curve is shown in figure 4. The shape of a 

wind speed-power curve is influenced by the rotor swept area, the number of blades, the blade 

shape, the speed of rotation, the optimum tip speed ratio, the choice of aerofoil, the cut-in; rated 

and shut down wind speeds and the aerodynamic efficiency; gearing efficiency and generator 

efficiency. The cut-in speed is the wind speed at which the turbine will start to produce electricity 

and is important to take into consideration when evaluating a wind power solution (Boyle, 2004).  
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Figure 5, Typical wind turbine power output with steady wind speed (Windpower program, 2013) 

 

The energy produced by the wind turbine depends on both its wind speed-power curve and the 

wind speed frequency distribution at the specific site. To determine the wind speed distribution at 

a specific site the best way is to carry out wind speed measurements with equipment that records 

the numbers of hours for which the wind speed lies within each given 1 m/s wide spread band. If 

the mean annual wind speed at the site is known a formula based on an average of the 

characteristics of wind turbines and an assuming an approximate relationship between annual 

mean wind speed and the frequency distribution of wind speeds could be used to calculate the 

annual electricity production of the wind turbine (Boyle, 2004).  

There are two basic configurations of modern wind turbines, horizontal axis and vertical axis. The 

range of size goes from those who produce a few tens to hundreds of watt to those who produce 

up to 5 megawatts of power (Boyle, 2004). There are many small wind turbines on the market 

today but there is a lack of information about how they actually perform in the field (Windpower 

program, 2013). SWCC, Small Wind Certification Council, certificates small wind turbines that 

meet the requirements of the American Wind Energy Association standard called Small Wind 

Turbine Performance and Safety Standard, with the goal to provide meaningful criteria upon which to 

assess the quality of the small wind turbine and to provide consumers with performance data 

(Small Wind Certification Council, 2013). The average investment cost of a wind turbine is US$ 

2120/kW (Rolland & Glania, 2011). 

In the current version of the EEM the wind turbine that is being used is the 1 kWp FD3.0-1000-10 

from People Electrical Appliance group. For detailed technical specification, see Appendix B.2. 

 

2.5.1.4 Control system 

To integrate all the different components in the system a control system is required. The control 

system distributes the generated power from the solar panels, biomass system and the wind turbine 

to supply the mini-grid with electricity and if necessary charge the batteries for energy storage and 
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run the pump for the water purification system. The capacity of the control system is a limiting 

factor for example for the possible amount of solar panels to be installed (Alvenkrona, 2013).  

The control system currently used in the EEM is the PowerRouter Solar Battery from Nedap 

(Nedap: energy systems, 2012). The PowerRouter is limited to a capacity of 5 kW, but there is also 

an option of using a control system from Victron Energy called Quattro with greater possible 

capacity than the one from Nedap. The Quattro has a capacity of 9 kW and can also be connected 

in parallel to achieve higher power capacities (Victron energy, 2013). 

 

2.5.1.5 Energy Storage  

To store electricity produced when demand is low, batteries are used. The batteries act as a buffer 

and a backup source if there should be no direct electricity production from the renewable energy 

sources (Fan, 2012). The battery technology for energy storage has been used for a long time, and 

among the advantages with batteries are that they are easy to install and substitute and they are 

very suitable for small-scale use compared to other energy storage alternatives. The main 

disadvantages are their need of being replaced fairly often and that they are expensive to use in 

large-scale systems. There are many different types of batteries, all suitable for different needs 

(Svantesson & Linder, 2012). Two different types of batteries will be described below. 

Deep cycle lead acid batteries is the most popular type of batteries for solar and wind applications. 

This kind of batteries are also dominating in the cost and reliability perspective though they have 

to be treated with care, otherwise they will quickly need to be replaced. The required care is to 

make sure that the batteries will not be over-charged or over-discharged, which is managed by a 

charge controller in a solar or wind system (Energy Development Co-operative Limited, 2012). 

There is also a need of refilling the batteries with distilled water once every few months (Kosk, et 

al., 2012). The lead batteries can store great amounts of energy at a fair price, last up to 1600 

charge cycles and provide an overall energy efficiency of 80 percent (Science Daily, 2012). The 

main disadvantage by using this kind of battery is that lead is hazardous to people’s health. Even 

though almost all lead batteries are recycled there is still pollution from leaks coming from mining, 

smelting and battery manufacturing (Science Daily, 2011).  

 

Lithium-ion batteries are another type of batteries first commercialized in 1991 by the Sony 

Corporation. These batteries have a high energy density with potential for yet higher capacities and 

they have relatively low self-discharged and require a low maintenance. The disadvantages with the 

batteries are that they require a protection circuit to maintain voltage and current within safe limits 

and they are also subject to ageing and should be stored in a cool place to reduce the aging effect. 

The lithium-ion batteries are also expensive to manufacture and are not yet fully mature; metals 

and chemicals are changing on a continuing basis (Battery University, 2013). 

In the current design of the EEM 6 Absorbed Glass Matt, AGM, lead acid batteries from Celltech 

are used to store electricity. Each battery has a capacity of 200 Ah at 12V and contains six cells 

(Fan, 2012).  
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2.5.1.6 Electricity distribution 

To distribute the electricity produced by the EEM to the consuming households a mini grid can be 

constructed. A mini grid is a power distribution network for a limited area such as a village, 

including its own electricity generation and can therefore run autonomously without a connection 

to a centralized grid. This means that the mini grid cannot rely on the centralized grid for 

controlling the line voltage and power and balancing the electricity production and consumption 

and must therefore manage these issues on its own (IEA, 2013). A mini grid supplied by two or 

more electricity generation technologies is called a hybrid mini grid and ensures a greater reliability 

on electricity supply compared to single technology grids (Rolland & Glania, 2011).  

Another solution for electricity distribution is batteries which would be charged at the module and 

then picked up by the customers to bring home and connect to their electrical devices. A mini grid 

enables more efficient and higher capacity power distribution than batteries and is also less 

expensive. However, it might be more difficult to ensure that all electricity distributed will be paid 

for (Malmquist, 2013).  

The electricity produced by the EEM can also be used for water purification, the process of which 

will be described below. 

 

2.5.1.7 Water purification 

For the water purification system there are also several possible options, e.g.  reverse osmosis, 

membrane distillation and ultrafiltration. For the purpose of this study ultrafiltration was 

considered the most suitable technology and was chosen as a basis for calculations. Below is a 

description of each technology and a motivation of the choice. 

Reverse osmosis, illustrated in figure 5, is a membrane filtration method that removes larger 

molecules and ions from a solution, for example salt from water, and can therefore be used as a 

water purification method. In natural osmosis, a solvent is transferred through a semipermeable 

membrane from a side of lower concentration to a side of higher concentration to achieve 

equilibrium. In reverse osmosis, external pressure is applied to move the solvent from the side of 

higher concentration to the side of lower concentration. This process uses electricity to create the 

required pressure difference (Kosk, et al., 2012).  

The advantages of the reverse osmosis method are that it effectively removes all types of 

contaminants to some extent and requires minimal maintenance. However, the flow rates are 

usually limited to a certain l/day rating (APEC Water Systems, 2013).  
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Figure 6, Reverse osmosis (Aquabest pateros, 2013) 

 

Membrane distillation is a thermally driven separation process, in which water is heated and 

thereby its vapor pressure rises. This drives the vapor to pass through a hydrophobic membrane 

that figures as a barrier to the liquid phase water. After passing through the membrane, the water 

vapor is cooled down and condenses, and pure water is obtained. This process is driven by 

temperature differences, which can be attained from solar heating or excess heat from the gas 

engine (Kosk, et al., 2012). Figure 6 illustrates the process of membrane distillation. 

 

Figure 7, Membrane distillation (SM Cheah, 2000) 

 

The main advantages of membrane distillation are 100 percent separation in theory of ions, 

macromolecules, colloids, cells etc., low operating pressures, low requirements concerning the 

mechanical properties of the membrane and less space is required compared to other distillation 

processes (Gryta, 2011). The main disadvantage of the method is the cost (LT Technologies, 

2011).  

The water purification technology chosen as a basis for calculations in this study, as mentioned 

earlier, is ultrafiltration. Ultrafiltration is a pressure driven membrane separation process, which 

uses membranes with small pores to remove high molecular-weight substances from the water. 

Since only the high molecular-weight substances are retained, the osmotic pressure difference 

across the membrane is insignificant, and therefore low pressures are sufficient to attain high flux-

rates. The flux of the membrane is defined as produced permeate per area of membrane surface 
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per time unit (Applied Membranes Inc, 2012). The pressure in this process is created by gravity 

and therefore electricity driven pumps are required to create a height difference (Alvenkrona, 

2013). The process of ultrafiltration is illustrated in figure 7.  

 

 

Figure 8, Ultrafiltration (Fumatech, 2013) 

 

Ultrafiltration effectively removes most particles, microorganisms, pyrogens and colloids above 

their rated size. It was chosen for this study because it is the water purification method that 

produces the highest quality water for least amount of energy, requires less pumping power than 

reverse osmosis and is less costly than membrane distillation (Kosk, et al., 2012). However, 

ultrafiltration will not remove dissolved inorganics, which is a disadvantage of the method (APEC 

Water Systems, 2013).  

For the calculations conducted in this study the SkyHydrant ultrafiltration unit from SkyJuice 

Foundation was used. The unit produces 700 l of clean water per hour (SkyJuice Foundation, 

2013). A pump is also needed to create the required height difference.  

 

2.5.2  Financial aspects 

Mozambique is one of the poorest countries in the world with over 50 percent of the population 

living in absolute poverty, and poverty is still predominantly a rural phenomenon (IFAD, 2013). 

When investigating the profitability of a rural electrification project it is therefore important to 

consider that the intended customers may not be able to pay for the electricity. The upfront cost is 

the biggest barrier and access to financing adapted to the cash flow profiles of poor households 

will be a key enabler for success in the electrification project. There are five principal market driven 

models to provide upfront costs, dealer/supplier credit-based sales, consumer credit through 

commercial banks, consumer credit through microfinance institutions, fee-for service provider and 

public sector-operated revolving fund credit schemes. The decision of the most suitable model to 

provide upfront cost should depend on the socio-economic conditions of the specific location and 

the maturity of the banking sector (Glemarec, 2012).  

It is, as mentioned earlier in section 2.2.6 Off-grid and rural electrification, FUNAE who is responsible 

for off-grid electrification projects in Mozambique and it is possible for private investors to apply 

for finance from them. The suggested project has to fulfill the requirements set up by FUNAE in 
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terms of environmental and socio-economic sustainability and it has to prove to be technically 

feasible (Tsamba, 2013). Another option to find finance is a challenge fund, where organizations in 

the private sector with projects within for example renewable energy are invited to bid for scarce 

resources, not unlike a tender but where what counts is the quality of the response, not price. 

Challenge funds are a mechanism for allocating and disbursing public funds efficiently and fairly 

with the intention to give funds to the organizations that truly need them and can use them 

effectively (AECF, 2013).  

When making a business model for a project like the EEM, it is also important to consider the 

local institutional arrangement determining who develops, owns and operates the systems. The 

project has to be sustainable and operation, maintenance and management have to be integrated in 

the project business planning as well as the ownership rights, and the role of each partner has to be 

clarified to determine the responsibilities of each party (Rolland & Glania, 2011).  

 

2.5.3  Tariffs and subsidies 

A central question for the sustainability of a project like the EEM is the determination of the tariff.  

A basic rule generally accepted in rural electrification planning is that a tariff at least should cover 

the running costs, operation and maintenance, to ensure the ongoing operation of a system 

throughout its lifetime. When looking at the financial viability of a project, the cost-based tariffs 

are also essential. The tariff must also integrate replacement necessities and it has to balance 

between ensuring commercial viability and meeting the customers’ ability and willingness to pay. 

The tariffs in rural areas usually consist of two basic components, the connection fee and the 

operation fee. The connection fee is generally used to cover the costs of meters and poles and to 

recover part of the upfront investment costs (Rolland & Glania, 2011).  

From the project management point of view, two types of general tariffs are relevant namely 

break-even tariffs and financially viable tariffs. The break-even tariffs are designed to ensure just 

enough revenues to cover its operating, maintenance and replacement costs.  The financially viable 

tariffs are designed to allow for sufficient return on investment to attract private sector investors 

and it should cover the cost of all system components. The break-even tariffs are more easily 

affordable by most customers especially if a subsidy is used in order to reduce the investment or 

customer connection costs (Rolland & Glania, 2011).  

 

Another option for mini-grid systems is a graded tariff regime with low tariffs for the first kilowatt-

hours and higher tariffs for heavier consumption. This option allows both the tariffs to be set in 

better proportion to the customers’ ability to pay and the setting up of different subsidy schemes 

better adapted to the consumption of the end-users (Rolland & Glania, 2011). This is used by the 

EDM in Mozambique, earlier described in section 2.2.5 Grid electrification.  

 

Subsidies could also be used to help make the connection or operation cost affordable for the 

customers on one side and focus on the investment costs of the system on the other side. There 

are different kinds of subsidy schemes; the most common are one-off subsidies or capital 

subsidies, operational subsidies, output-based aid and lifeline rates. The one-off subsidies target the 

overall initial investment or at least part of it and together with good designed tariff scheme it 
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could make a project commercially viable. The operational subsidies cover the operation but not 

the production of the system and are needed where there is a gap between affordability and cost 

recovery. The output-based aid consists of a subsidy planned directly in exchange for a service to 

encourage its occurrence, and can be established either with a connection-based or production-

based approach. The lifeline rates cross-subsidize, to wit richer consumers help subsidize poorer 

consumers (Rolland & Glania, 2011).  

 

2.5.4  Payment 

The payment method has to be clearly defined, stated and well publicized for all the customers to 

be aware of the expectations. The importance of paying the fee must also be explained clearly 

including the consequences for anyone who tampers with the meter or fails to pay up.  There are 

two main categories of tariff collection namely electricity based and power based. The electricity –

based category is a function of the actual electricity consumed and works with meter and 

prepayment meters. It gives an accurate record of consumption but the cost of the meters is a 

main disadvantage. The power-based category is a function of the anticipated power use. It limits 

the current entering the home and it is cheaper and limits peak demand and prevents system 

overloading (Rolland & Glania, 2011).  

The payment could be in cash or in some cases “in kind”, marketable livestock or agricultural 

products (Rolland & Glania, 2011). Some of the interviewed inhabitants of the villages said they 

preferred to pay with agricultural products (Nicuita, 2013) but it requires more work since these 

kinds of payment has to be transformed into cash (Rolland & Glania, 2011).   

 

2.5.5  Installation and maintenance 

The installation of the EEM is estimated to take about one week for two persons. Water conduits 

between the water source and the module and a pump need to be installed. The solar panels need 

to be put up on a framework and installed with electrical wiring. The competence level needed for 

these tasks corresponds to a plumber for the installation of the water system and an electrician for 

the solar panels. The maintenance needed is estimated to two days per year for preventive 

maintenance, and daily inspection. The biomass system needs to be handled by replenishing 

biomass and removing waste once per day (Malmquist, 2013). 

 

2.5.6  Competition  

A solution similar to the EEM on the market is the IPS container from Solartec. This is an off grid 

solution that produces electricity from solar power and stores it in batteries or feed it directly into 

for example a household net. One difference from the EEM is that the IPS only utilizes solar 

power and if necessary a back-up generator powered by diesel or vegetable oil and it does not 

incorporate a water purification system (Solartec, 2013). The great potential for hydropower in 

Mozambique also makes the country a good market for small-scale hydropower plants, which is 

something the Government is working with (Cuvilas, et al., 2010). This kind of solution is however 

more restricted to certain areas than the EEM. 
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Other projects aiming to provide electricity by renewable energy resources to households without 

access to electricity in the province of Cabo Delgado were described earlier in this paper in section 

2.4 Cabo Delgado. 

3 Model 

In this chapter the model that will be used in order to evaluate the profitability of an 

implementation of the Emergency Energy Module will be presented. The summary of the model 

will first be described, thereafter every calculation step in the model and finishing with the 

sensitivity analysis.  

 

3.1 Summary of the model 

In order to evaluate if an implementation of an Emergency Energy Module will be profitable in 

terms of generating a desirable return of investment, while it also provides an electricity price that 

is at a level that the intended users are able to pay, the model presented in Figure 8 was used.  

 

 

Figure 9,  An overall model to evaluate the profitability of an implementation of an emergency energy module 

 

The model consists of five calculation steps, marked with red in figure 8, each consisting of various 

inputs. In the first three red steps of the model, the EEM will be designed based on the electricity 

demand of the households. When calculating the profitability of the EEM implementation, in the 

last two red steps in the model, the water purification system will also be considered. The steps 

within the model will be further described below including the needed inputs, equations and 

assumptions in order to use the model.  
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3.2 Annual electricity demand  

The user electricity and water demand will be collected through interviews and surveys with the 

potential users of the villages in Mozambique. These villages were chosen since they fit the 

purpose of the EEM objectives, to supply rural or peri-urban areas without access to the grid, with 

electricity and fresh water.  The visited villages for this study are presented in section 2.4.1, 

Quirimize and 2.4.2 Nicuita. The electricity demand in the villages depends on the conditions and 

the geographical location. The demand is also dynamic; the first level of electricity demand will 

cover the most basic needs of electricity such as illumination but will in higher levels also be used 

for cooking. This paper will evaluate the basic level of electricity demand. Through the surveys and 

interviews conducted in the villages the approximate daily usage of a number of different electrical 

devices will be obtained.  

The daily electricity consumption from each electrical device will be calculated by the following 

equation: 

                 Equation 1 

  

                                                                             

                                                                           

                                

 

The daily electricity consumption per household can then be obtained from: 

                  Equation 2 

  

                                                                    

                                                                             

 

Thus, the annual electricity consumption per household can be calculated by: 

                     Equation 3 
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3.3 Annual electricity production  

The annual electricity production depends on the number of households supplied by the EEM. 

The number of households that can be supplied is limited by the power output of the system, and 

the limiting factor is the batteries that will cover some of the demand during the day peak.  

The number of households supplied will be obtained from the following equations.  

Firstly, the total power demand of the system depending on number of households supplied is 

calculated: 

 

                 Equation 4 

 

                                            

                       

                                                  

 

The power supplied by the batteries is the power demand that exceeds the power output of the 

rest of the system. This is obtained by the equation: 

 

 
                             

                                           
  

                   

                   
 Equation 5 

 

                                               

                                            

                                                          

 

The electricity consumption of the batteries is obtained from the power supplied by the batteries 

during a specific time interval and the size of that time interval: 

 

               Equation 6 

  

                                                                                 

                                               

                                       

 

The total amount of electricity supplied by the batteries can then be calculated by a summation of 

the electricity consumed during the different time intervals: 
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                Equation 7 

 

                                                                 

                                                                                 

 

The number of households the system will be able to supply is the number for which the electricity 

supplied by the batteries, calculated with the previous equations, is equal to the energy storage 

capacity of the batteries: 

 

                                   Equation 8 

 

                                           

                       

                                                                 

                                                

 

The annual electricity production required can then be calculated by: 

                     Equation 9 

 

                                                 

                                                                     

                                 

 

The EEM is able to generate electricity from three energy sources: solar, wind and 

biomass/biofuel/ diesel as described in section 2.4.1, The system of the emergency energy module.  

To calculate the possible annual electricity production from solar energy, the input of an annual 

daily average of insolation for the site is needed. This value is presented in section 2.2.3.3 Other 

renewable energy resources.  Some technical specifications of the solar panels used in the EEM are also 

required; these are given in Appendix B.1. The assumption is made that over a deprecation time of 

10 years or more the fluctuations of insolation will balance out and therefore an average value of 

insolation will be used.  

To calculate the annual power supplied by the solar panels the following equation can be used 

(Svantesson & Linder, 2012): 

                     Equation 10  
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To calculate the annual electricity production from wind energy there is an average wind speed at 

the site and the technical specification of the wind turbine are needed. These inputs are presented 

in section 2.2.3.3, Other renewable energy resources and Appendix B.2 respectively. Usually before 

installing a wind turbine a measurement station is installed at the location in order to evaluate the 

most appropriate wind turbine due to the local wind conditions. This is not possible to do in this 

project and therefore an average wind speed of a nearby location is used. Using a depreciation time 

of 10 years or more the assumption is made that the fluctuations in wind speed will balance out 

and therefore the average wind speed based on data gathered over a period of 30 years will be 

used.  

The following equations will be used to calculate the annual electricity production from wind 

(Boyle, 2004):    

                  Equation 11 
   

                                                           

                                           

                               

     , a factor based on typical turbine performance characteristics and an approximate relationship 

between mean wind speed and wind speed frequency distribution 

 

The electricity production from a biomass gasifier or diesel genset is more flexible than the 

production from wind and solar and the production depends on the time of operation. Therefore 

the production from the biomass/diesel system will be adjusted according to the production from 

solar and wind to cover the total electricity demand.  

The calculation of the annual electricity production from biomass is therefore made by the 

following equation: 

                               Equation 12 
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3.4 Design of the EEM 

The EEM is a system which is very flexible and the components of the system can be varied to 

best suit the specific site where it is intended to be used. To decide which components are best 

suited in this study a cost comparison will be made. For this, the accumulated present value of 

costs will be calculated.  

To calculate the present value of costs each year the following equation will be used (Ax, et al., 

2009): 

                    Equation 13 

 

                                       

                     

                        

 

3.5 Annual cash flow 

The annual cash flow is the difference between the revenues and the costs acquired by the module 

each year.  

The revenues come from the selling of electricity and water. Therefore they depend on the prices 

of electricity and water which are assumed based on what the intended customers are willing to 

pay. The price for the electricity is assumed to be a monthly fee for each household and the price 

of water is assumed to be set as a price per liter.  

The annual revenues from electricity are calculated by: 

                Equation 14  

  

                                          

                                       

                                 

 

The revenues from water are calculated by: 

             Equation 15 

 

                                    

                                 

                                     

 

Thus, the total annual revenues are obtained from: 

            Equation 16 
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The costs include investment cost, operation costs and maintenance costs. The investment cost is 

the cost of all equipment needed and is made the first year. Operation costs include salary for 

employees and possibly fuel costs. Maintenance costs include replacement of equipment.  

Thus, the costs are given by 

                    Equation 17 

    

                     

                                  

                                 

                                   

 

The annual cash flow is then obtained from the following equation: 

             Equation 18 

   

                            

                              

                     

 

3.6 Present value and payback period 

To decide if the investment is profitable the payback period of the project will be calculated and 

evaluated using present value. To determine the payback period the present value of the cash flow 

each year is first calculated using the following equation (Ax, et al., 2009): 

 

                      Equation 19  
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The payback period is obtained from calculating the accumulated present value cash flow for each 

year, and the number of years it takes for this to exceed zero is the payback period.  

   

3.7 Sensitivity analysis 

Based on the assumptions made in the model four parameters have been decided to be varied to 

make a sensitivity analysis of the results. These are: 

- The capacity of the system 

- The price of electricity  

- The investment cost of the components of the EEM 

- The cost of capital 

4 Result and discussion  

In this chapter the result of this study will be presented together with a discussion. The result is 

based on studies from the villages of Quirimize and Nicuita in the province of Cabo Delgado in 

the northern part of Mozambique. The villages and the province were described earlier in section 

2.4 Cabo Delgado. The result will include all the steps needed to provide a profitability analysis of an 

implementation of an EEM in these villages.  

 

4.1 Electricity demand  

The electricity demand of the two villages was collected through interviews and surveys with 

representatives from about twenty households in each village. A detailed presentation of the 

surveys and interview questions is accessible in Appendix K. The representatives were asked about 

how many specific devices they would like to use if they had access to electricity and how many 

hours per day they would use each of them. The chosen devices were lamps, TV, radio, fans, 

freezer and cell-phone charging. These devices were chosen for different reasons: 

- Lamps were chosen since illumination makes studying and working possible even during 

dark hours  

- TV and radio were chosen since many people in the villages request entertainment and 

access to news  

- Fans were chosen due to the tropical climate in the villages 

- Freezer was chosen since the inhabitants of both villages considered the use of ice to be 

the main contributor to greater possibilities of income generation when they got access to 

electricity 

- Cell-phone charging was chosen since almost everyone in the villages owned a cell-phone. 

Based on the results of the surveys the average electricity demand and the distribution of electricity 

use over the course of the day for one household were calculated and the result is presented in 

figure 9. 
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Figure 10, Average electricity demand per household during one day 

 

As seen in figure 9, most electricity would be consumed during dark hours, with the peak power 

demand at around 8 to 9 pm. The peak power demand is 238 W per household in Nicuita and 270 

W per household in Quirimize. The lower demand per household in Nicuita compared to 

Quirimize is explained by the income generation. Most of the people in Quirimize work as 

fishermen while in Nicuita the main part of the inhabitants works as farmers and therefore they, in 

general, have a lower income than the people in Quirimize. The smaller peak in the middle of the 

day in Nicuita comes from the use of fans, TV and radio during lunchtime.  

The percentage of household representatives who requested a specific device and for how many 

hours during the day that the device would be used is shown in table 5 for Quirimize and table 6 

for Nicuita. Active hours refer to the total number of hours each device would be in use per day. 

The active hours for lamps include all lamps in one household and can therefore exceed 24 hours 

per day.  

 

Device Lamps TV Radio Fan Freezer Cell phone charging 

Percentage of households 

requesting the device (%) 100 100 55 95 100 100 

Average number of active 

hours of device per 

household per day (h) 44.7 3.4 3.8 6.2 24.0 4.0 

Table 4, The demand of devices per household in the village of Quirimize 
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Device Lamps TV Radio Fan Freezer Cell phone charging 

Percentage of households 

requesting the device (%) 100 71 83 92 71 96 

Average number of active 

hours of device per 

household per day (h) 51 3.3 5.6 5.4 17 4.0 

Table 5, The demand of devices per household in the village of Nicuita 

 

Everyone in both villages wanted lamps, and the hours per day were mainly during dark hours 

from about 5 pm to 4 or 5 am. The use of TV was more popular in the village of Quirimize, a 

result that is most likely related to the fact that the inhabitants of Quirimize have a higher income. 

Radio was the least popular device, probably because few regarded it a necessity due to the use of 

TV and cell-phone.  The use of fan was expected to be high due to the tropical climate in the 

villages. All the inquired households in Quirimize wanted a freezer due to the fact that their 

income is fishing and with ice it is possible to store the fish longer for transport to other villages in 

the vicinity without access to the ocean. This was the main reason the people of the village wanted 

electricity since by selling the fish to other villages, the income generation would increase and they 

could attain a better living standard in the village. In Nicuita on the other hand, where the main 

part of the population works as farmers, freezers would be used to make ice to cool drinks to sell 

and to store and sell ice-cream to villages nearby without access to electricity. This would not be as 

much of an income generation as the selling of fish would be in Quirimize, and the number of 

households who requested freezers was lower in Nicuita. Almost all of the representatives in both 

of the villages were owners of a cell phone and the demand for electricity to charge the phone was 

high. The income generation in the villages is an important issue due to the fact that the demand of 

electricity devices differs depending on the type of income generation.  

The electricity consumption of each device was calculated based on the average demand of each 

village and the general power of each device presented in Appendix C.1. The calculations are 

presented in Appendix C.2. The result of the demand for electricity consumption of each device 

and the total demand per household per day and per year in the two villages is illustrated in table 7 

and table 8.  

 

Device Lamps TV Radio Fan Freezer Cell phone charging Total 

Electricity consumption per 

household per day (kWh) 0.3 0.5 0.2 0.3 1.9 0.02 3.2 

Electricity consumption per 

household per year (kWh) 114 171 55 123 701 7.3 1172 

Table 6, The electricity consumption of each device according to demand in the village of Quirimize 
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Device Lamps TV Radio Fan Freezer Cell phone charging Total 

Electricity consumption per 

household per day (kWh) 0.4 0.5 0.2 0.3 1.4 0.02 2.7 

Electricity consumption per 

household per year (kWh) 130 166 82 108 496 7.3 990 

Table 7, The electricity consumption of each device according to demand in the village of Nicuita 

 

As shown in the result of the electricity consumption, in table 7 and 8, the total annual electricity 

consumption according to demand would be 1.2 MWh per household in Quirimize and 1.0 MWh 

per household in Nicuita. The higher demand per household in Quirimize is explained by the 

difference in living conditions between the two villages. The people in Quirimize have a higher 

income and more money to spend on electricity consumption and devices. 

 The device that consumes most electricity is the freezer that in contrast to the other devices needs 

to consume electricity 24 hours per day. An alternative solution would be to have a common 

freezer in the village, producing ice to refrigerate drinks and fish. Other villages in the same area 

have got access to this kind of solution, but the electricity is then almost exclusively supplied by a 

diesel generator (Afonso, 2013). The production of ice is associated with a higher income 

generation and would improve the living standards of the villages. Therefore the access to 

electricity and a freezer is of most importance for social development. The lamps used for the 

calculations are, as presented in Appendix C.1, CFLs. These are used in the calculations with the 

assumption that they in the near future will be dominating in the African market and the use of 

them will result in lower electricity consumption.  

A basic fact that has to be discussed is the electricity demand level. Currently the inhabitants of the 

villages lack access to electricity and in general when people first get access to electricity, the 

demand will soon increase. This has also been found out of FUNAE, the government company 

working with off-grid electricity solutions (Rodrigues, 2013). When the access to electricity 

generate higher incomes it is possible to afford more electrical devices and the demand for 

electricity increases. However, in this specific study an assumption is made that since the 

inhabitants of both the villages are very poor, they will not be able to afford all the demanded 

devices during the first years of the module solution life. Especially TV, freezer and even a fan 

could be expensive and it will probably take time before everyone in the village can afford it. The 

demand will therefore be much lower during the first time span and then increase to the demand 

presented from the surveys, when the income generation increases. The module will not be 

sufficient to supply the whole village with electricity either, and the number of households it will 

be assumed to supply will be discussed in next section. If a further increase in electricity demand 

would occur, another EEM needs to be installed. The demand presented in this section will be 

used for further calculations and a possible increase in demand will not be considered.  

The result from this section is that the total annual electricity demand in Quirimize is 1.2 MWh for 

each household with a 24 hours electricity supply. The peak power demand is 270 W per 

household. The total annual electricity demand in Nicuita is 1 MWh for each household with a 24 

hours electricity supply. The peak power demand is 238 W per household.  
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4.2 Electricity production 

The electricity produced by the EEM is distributed through a mini-grid to the households of the 

village as described in section 2.5.1.6 Electricity distribution. The number of households supplied 

depends on the capacity of the EEM system where the primary limiting factor is the power supply. 

For the solution to be sustainable the maximum power demand should be covered at all times, 

even on days when the wind speed and insolation are lower than expected. Since these factors are 

unpredictable, the number of households to be supplied was based on the power capacity of the 

biomass system and the batteries. The electrical power of the biomass system is 10 or 20 kW, as 

presented in section 2.5.1.2 Biomass, and the power output from the batteries depends on the 

discharge time. There are six batteries of 200 Ah and 12 V in the basic EEM design, which means 

that the energy stored in each battery when fully charged is 2.4 kWh and the total energy stored in 

the batteries is 14.4 kWh. This means that the energy used during the day peak that exceeds 10 or 

20 kW depending on the system, must be covered by 14.4 kWh. For calculations of the number of 

households to be supplied equations 4-8 in section 3.3 were used. Figures 10-11 show the energy 

usage from the batteries during the day peak depending on the number of households in each 

village for the different systems. System A refers to a system with the 10 kW biomass gasifier and 6 

batteries, and system B refers to a system with the 20 kW gasifier and 6 batteries.  

 

 

Figure 11, Battery energy usage during day peak in the two villages for system A 
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Figure 12, Battery energy usage during day peak in the two villages for system B 

 

From figures 10-11 it can be concluded how many households that can be supplied by the 

different systems in each village. Based on the figures the numbers of households for further 

calculations were chosen to be as presented in table 9. 

 

System 
Number of households 

Qurimize Nicuita 

A 55 65 

B 95 115 

Table 8, Number of households supplied by each system in each village  

The number of households attained and used for calculations are based on the assumption that the 

demand of each household does not exceed the power demand indicated in the surveys. If the 

consumption were to transcend this assumed power level the system could be overloaded and to 

prevent this from happening, it is assumed that a maximum power cap is set for each household.   

Based on the number of households supplied the total electricity production required was 

calculated using equation 9, in section 3.3. The result is presented in table 10.  

 

Village System 
No. of 

households 

Electricity 

demand/household/ 

day (kWh) 

Electricity 

production/ 

day (kWh) 

Electricity 

production/ 

year (MWh) 

Quirimize A 55 3.2 176 64 

Quirimize B 95 3.2 304 111 

Nicuita A 65 2.7 176 64 

Nicuita B 115 2.7 311 114 

Table 9, Total electricity production required for each system in each village 
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The total electricity production required is roughly the same for the two villages, although the 

numbers of households supplied differ since the electricity demand per household in Nicuita is 

lower than the demand in Quirimize. 

The Emergency Energy Module is able to produce electricity from PV panels, a small scale wind 

turbine and a biomass gasifier or possibly a diesel genset, as described earlier in section 2.5 

Emergency Energy Module. The dimensioning of the solar panels was based on the average power 

demand during the day, to utilize the solar energy directly and minimize the need to store energy in 

batteries. This will also allow the biomass gasifier to be shut down during the day. On days when 

the sun is not shining the biomass gasifier will have to cover this demand as well, however this is 

assumed to be relatively rare. For system A the power demand during the day is about 5 kW. This 

demand is based on the average electricity consumption of each household presented in figure 9 

and the amount of households supplied by the EEM presented in table 9. Therefore the system A 

was assumed to use 22 solar panels which give an output of 5.5 kW. For system B the demand 

during the day is about 8 kW, based on the average electricity consumption of each village 

presented in figure 9 and the amount of households supplied by the EEM presented in table 9, and 

consequently the use of 33 panels giving an output of 8.25 kW were assumed. To calculate the 

possible annual electricity production from solar and wind equations 10-11 in section 3.3 were 

used. The calculations are presented in detail in Appendix E.1 and E.2 The result of the 

calculations is presented in table 11.  

 

Energy source Annual electricity production (MWh) 

Solar, system A 11.9 

Solar, system B 17.9 

Wind 2.7 

Table 10, annual electricity production from each energy source 

 

As shown in table 11 the annual electricity production from solar is 11.9 and 17.9 MWh for system 

A and B respectively. The result is based on an average value of insolation, presented in figure 1 in 

section 2.2.3.3 Other renewable resources, from the city of Pemba. Pemba is located close to both the 

villages though some differ in the average insolation value could exist. The result is also based on 

the specific solar panels used in the EEM design and depending on the efficiency and area of the 

solar panels the result may differ. The specific solar panels used in this paper for the evaluation is 

presented in Appendix B.1. The result presented also refers to an annual electricity production 

from solar but the production will differ from month to month. The insolation value is higher 

during the period September through December which results in higher electricity production 

from solar during these months. The insolation of each month is presented in section 2.2.3.3 and 

shown in figure 1.  

The annual electricity production from wind is as shown in table 11, 2.7 MWh. The result is based 

on a mean wind speed, presented in section 2.2.3.3 Other renewable energy resources, from a nearby 

location called Mocimboa. The equation used for the calculation of the electricity production from 

wind, considers the fact of mean wind speed at a nearby location by a factor K. This factor is based 
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on typical turbine performance characteristics and an approximate relationship between mean wind 

speed and wind speed frequency distribution. To make a more accurate calculation measurement 

of the wind speed at the specific location should be made on a time horizon of several years. This 

was not possible in this calculation. The result of the annual electricity production from wind is 

also based on the swept area of the turbine; hence the size of the blades of the specific turbine has 

an impact on the result. As in the case of the solar panels the wind turbine used for this calculation 

is from a basic design of the module and the use of another wind turbine may give a different 

result.  The wind turbine used in this calculation has a cut in wind speed of 3 m/s, presented in the 

technical specification in Appendix B.2, and the nearby location of Mocimboa has average wind 

speeds each month that exceeds this. The wind speed is also different during the year like the 

insolation and during June to August the highest wind speeds were measured as shown in table 2 

in section 2.2.3.3 Other renewable energy resources. The values for both insolation and wind in the 

province of the villages were the best values in the country. Using wind in the module has some 

disadvantages mentioned in section 2.5.1.3 Wind, were the unreliability factor is one of the greatest. 

The priorities of the Government for electrification in this area are first a matter of extending the 

national grid and secondly use solar power in off-grid solutions (Tsamba, 2013). The result of the 

annual electricity production from wind is much lower than for solar, and the decision if the 

module should contain a wind turbine should be based on the economic aspect taking into account 

the unreliability factor.  

The annual electricity production from biomass is more flexible than the production from solar 

and wind. The production capacity depends on the equipment chosen (10 kW or 20 kW) and the 

number of hours per day that the system is in operation. The electricity production from biomass 

can therefore be adjusted according to the demand and the electricity production from wind and 

solar. Consequently, the production from biomass depends on the design of the EEM, i.e. if the 

solar panels and wind turbine are incorporated or not.  

The fuel needed for the electricity production by the biomass gasifier is, as presented in Appendix 

B.3, mainly hardwood and softwood chips and nut shells including coconut.  These resources are 

free and collected in the area around the villages by the inhabitants. The use of the biomass gasifier 

is therefore associated with greater labor requirements than solar and wind since the fuel has to be 

collected and transported to the module. When the gasifier is in operation there is also a need of 

replenishing the biomass.  

The electricity production from a diesel genset with an output power matching that of the biomass 

gasifier is presented as a possible alternative if it shows to be more economically and socially 

sustainable. This will be evaluated in section 4.3 Design of the EEM. 

The result of this section is the annual electricity production in each village with two systems, A 

and B, based on the calculations of the number of households in each village that the system will 

supply with electricity. With system A the number of households in Quirimize is 55 with a total 

annual electricity production of 64 MWh and the number of households in Nicuita is 65 with a 

total annual electricity production of 64 MWh. With system B the number of households in 

Quirimize is 95 with a total annual electricity production of 111 MWh and 115 households in 

Nicuita with a total annual electricity production of 114 MWh.  
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4.3 Design of the EEM 

The EEM is, as described earlier in section 2.5 Emergency Energy Module, a flexible system and 

different components can be put together to find the best solution for every location of 

implementation. The components considered in this project are a biomass gasifier or a diesel 

genset with a capacity of 10 kW or 20 kW, a small scale wind turbine of 1 kW and solar PV panels 

of 5.5 kW or 8.25 kW, i.e. 22 or 33 PV panels. A cost comparison of the different solutions was 

made in order to evaluate the best suited design of the EEM in Quirimize and Nicuita respectively. 

The different compared solutions are shown in table 12:  

 

Solution number Biomass gasifier Solar PV Wind Turbine Diesel genset 

No 1 10 kW 5.5 kW 1 kW   

No 2 10 kW 5.5 kW     

No 3 10 kW       

No 4 20 kW 8.25 kW 1 kW   

No 5 20 kW 8.25 kW     

No 6 20 kW       

No 7   5.5 kW 1 kW 10 kW 

No 8   5.5 kW 1 kW 20 kW 

Table 11, 12 different compared solutions for the EEM design 

 

The solutions containing a biomass gasifier or a diesel genset with the capacity of 10 kW will, as 

earlier, be referred to as system A, while the solutions containing a biomass gasifier or a diesel 

genset with the capacity of 20 kW will be referred to as system B. In order to make a cost 

comparison the investment cost of each component has to be known, and it is shown in table 13 

below. All costs for different components and expected lifetime with references are summarized in 

Appendix J. 

 

Component Cost per kW (€) Capacity (kW) 
Component 

Cost (€) 
Expected lifetime 

PV 2170 5.5 / 8.25 11900/ 17900  25 years 

Small scale wind 

turbine 
1600 1 1600 25 years 

Biomass gasifier 700-1500 10 /20 14500/20500 10 years 

Diesel genset 300 10/20 3000/6000 5 years 

Table 12, Investment cost of each component possible for the EEM design 

 

The highest per kW investment cost is the cost of the solar PV but they also have, together with 

the wind turbine, the longest expected lifetime. The biomass gasifier has a lower per kW 
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investment cost, although since it will run approximately 10 to 15 hours per day to meet the 

electricity demand, it has a very short lifetime compared to the PV panels and the wind turbine. 

Both the PV panels, wind turbine and the biomass gasifier runs with free fuel, since the biomass 

fuel consists of wood fuel and coconut shells, which can be collected nearby the village. However 

an operation and maintenance cost for the biomass gasifier as well as the diesel genset is 

considered in the calculations. The diesel genset has the lowest per kW investment cost, but it 

needs fuel, diesel, that has to be purchased. The diesel genset has, like the biomass gasifier, a short 

lifetime when running about 10 to 15 hours a day.  

The accumulated cost comparison was made over a time span of 25 years with different costs of 

capital of 5 %, 10 % and 15 %. The diesel genset was assumed to be replaced at an average of 

every 5 years. The engine and generator within the biomass gasifier were also assumed to be 

replaced every 5 years, and every 10 years the complete biomass gasifier was assumed to be 

replaced. The lifetime of the solar PV and wind turbine could be as much as 25 years and their 

replacements are not considered in the comparison over 25 years. The cost of diesel is considered 

in the comparison, based on an average diesel price in Mozambique of 0.81 Euro/l (MyTravelCost, 

2013) and does not include the transportation cost of the fuel to the village. The cost comparison 

is based on accumulated present value of costs which were calculated using equation 13 and the 

calculations are shown in Appendix F. The different solutions for system A with a cost of capital 

of 10 % is shown in figure 12.  

 

Figure 13, Accumulated cost comparison of different components of system A with a cost of capital of 10 % 

 

As seen in figure 12, the Diesel-PV-Wind solution is much more expensive than the other 

solutions over time, due to the high fuel costs of diesel and the free biomass fuel.  In order to have 

a closer comparison of the solutions of Bio-PV-Wind, Bio-PV and only Bio with the cost of capital 

of 5 %, 10 % and 15 % figure 13 is presented.  
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Figure 14, Accumulated cost comparison of different components of system A with a cost of capital of 5 %, 10 

% and 15 % excluding the diesel solutions 
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The result of figure 13 is that the accumulated costs of the three solutions are almost the same for 

all values of the cost of capital. The biggest difference is for a cost of capital of 15 % where the 

solution with only a biomass gasifier is about five thousand euros cheaper. But when calculating 

the costs for comparison there were some assumptions made. Among them is the replacement 

time of the biomass gasifier which was assumed as an average to be every 5 years. In fact, when 

only looking at a biomass gasifier system, the lifetime would be much shorter, since the gasifier has 

to run more hours a day, even though calculated with a greater battery capacity. A shorter lifetime 

of the equipment would also lead to increased transportation costs because it needs to be replaced 

more often, and this cost is not included in these calculations. Moreover, using only a biomass 

gasifier system would result in a greater, daily volume of wood fuel that has to be collected nearby 

the villages. The traditional use of wood fuel and charcoal for energy needs has as described earlier 

in section 2.2.1 Domestic energy demand, already been a contributing factor to deforestation in 

Mozambique. However the EEM solution is relatively small, but if there were to expand similar 

electricity solutions in the same area the deforestation issue could be a valid question to discuss. 

The use of solar energy also has a great potential in Mozambique and especially in the province of 

Cabo Delgado, as mentioned in section 2.2.3.3 Other renewable energy resources. Beyond extending the 

national grid, solar power is referred to as the most important source of electricity generation by 

the Government (Tsamba, 2013). The investment cost for the solar panels in the calculations is 

also based on values from 2012. This cost is following a declining trend, as described in section 

2.5.1.1 Solar, and in a near future it might be more cost effective to choose a solution with the PV 

included. The wind turbine has a relatively low investment cost, since the capacity is low. Wind is, 

as described earlier in section 2.5.1.3 Wind, coming with an unreliability factor as a main 

disadvantage. The wind potential in Mozambique is still not fully evaluated.  

Based on the above mentioned reasons and the result of figure 13, the best suited solution for the 

EEM and system A in Quirimize and Nicuita will be the Bio-PV solution.  

The cost comparison was also made for system B and the comparison with the cost of capital of 

10 % is showed in figure 14.  
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Figure 15, Accumulated cost comparison of different components of system B with a cost of capital of 10 % 

 

As in the case of system A, the Diesel-PV-Wind solution is far more expensive compared to the 

other solutions. A closer look of the Bio-PV-Wind, Bio-PV and Bio solutions of system B with 

cost of capital of 5 %, 10 % and 15 % is presented in figure 15.  
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Figure 16, Accumulated cost comparison of different components of system B with a cost of capital of 5 %, 10 

% and 15 % excluding the diesel solutions 
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For system B, the Bio-PV solution was chosen based on the same arguments as for the system A. 

When using the Bio-PV solution for both system A and system B the annual electricity production 

from solar and biomass would be as presented in table 14. 

 

Energy source System A Quirimize System A Nicuita System B Quirimize System B Nicuita 

Solar (MWh) 12 12 18 18 

Biomass 

gasifier (MWh) 52 52 93 96 

Table 13, Annual electricity production from solar and biomass gasifier 

 

The electricity production over the course of the day is based on the assumption that the low 

demand during daylight hours is supplied by the solar panels and during this time the biomass 

system is shut down. Any excess power is used to charge the batteries and this energy will be used 

during the peak power demand in the evening, when the output power of the biomass system is 

insufficient. An example of the electricity production for system A in Quirimize is presented in 

figure 16.  

 

 

Figure 17, Electricity production system A in Quirimize 

 

The negative production is illustrating the electricity consumed by the batteries when being 

charged. The production presented in figure 16 can be compared to the demand curve presented in 

the previous section 4.1. The illustration of the production is somewhat simplified since for 
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production for system B in Quirimize and for systems A and B in Nicuita are presented in 

Appendix G.  

 

The result of this section is that the best suited solution for the EEM design in Nicuita and 

Quirimize is an EEM producing electricity using a biomass gasifier of either 10 or 20 kW and PV 

panels of 5.5 kW or 8.3 kW. This solution will be used in the following sections for calculations of 

the profitability of the project. 

 

4.4 Annual cash flow 

In the last section a design of the EEM was chosen for Quirimize and Nicuita including a biomass 

gasifier and solar panels to produce electricity. In section 4.3 Design of the EEM, a cost comparison 

of the accumulated cost of different systems were presented, which considered only the costs with 

importance for the comparison. The total costs of the chosen system of solar panels and a biomass 

gasifier will be considered in the following sections including the costs of a water purification 

system and the control system, which were excluded in the calculations within earlier sections. In 

order to calculate the profitability of the implementations in both villages an assessment of the 

annual cash flows is needed. Therefore the total costs of each system, A and B, as earlier referring 

to a system with a 10 kW or 20 kW biomass gasifier, will be presented next, starting with the 

investment costs for system A in table 15. All costs are summarized with references in Appendix J. 

 

Component Quantity Cost per unit (€) Total cost (€) 

Biomass gasifier 1 14500 14500 

Solar panels 22 540 11900 

Water purification system 1 1580 1580 

Batteries 6 333 2000 

Control system 2 5200 10400 

Total     40380 

Table 14, Investment cost of system A 

 

Table 16 shows the investment costs of system B.  

 

Component Quantity Cost per unit (€) Total cost (€) 

Biomass gasifier 1 20500 20500 

Solar panels 33 540 17900 

Water purification system 1 1580 1580 

Batteries 6 333 2000 

Control system 3 5200 15600 

Total     57580 

Table 15, Investment cost of system B 
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There are three differences between the investment cost of system A and B. Firstly, the cost of the 

biomass gasifier, which is more expensive in system B because of the greater capacity. Secondly, 

the larger amount of solar panels incurs a higher investment cost. And thirdly, another control 

system component is required in system B to meet the higher capacity given by the gasifier. The 

control system chosen for this study is the Quattro from Victron Energy presented in section 

2.5.1.4. Control system, because of the power levels of the systems.  

The running costs of each system, A and B, are presented in table 17 for system A and table 18 for 

system B. The salary is based on an average income in both the villages presented in sections 2.4.1 

Quirimize and 2.4.2 Nicuita. All the replacement costs and expected lifetimes with references are 

presented in Appendix J. 

 

Type of cost Cost (€) Occurrence 

Salary 600/720* Every year 

Replacement of batteries (6 units) 2000 Every 5 years 

Replacement of genset 3000 Every 5 years 

Replacement of biomass gasifier 14500 Every 10 years 

Replacement of water purification system 1580 Every 10 years 

Table 16, Running costs of system A, * Nicuita/Quirimize 

 

Type of cost Cost (€) Occurrence 

Salary 600/720* Every year 

Replacement of batteries 2000 Every 5 years 

Replacement of genset 6000 Every 5 years 

Replacement of biomass gasifier 20500 Every 10 years 

Replacement of water purification system 1580 Every 10 years 

Table 17, Running costs of system B, * Nicuita/Quirimize 

 

Since, as earlier discussed, the biomass fuel is for free, there is no purchase cost of fuel involved in 

either system. The salary concerns an employee who will work daily with the EEM, making sure 

the collection of the biomass works and that the gasifier is refilled when needed. The employee will 

also be responsible for daily inspection and some maintenance. The salary cost is based on an 

average salary in each village, presented in section 2.4.1 Quirimize and section 2.4.2 Nicuita. Some of 

the components need to be replaced at an occurrence presented in table 17 and table 18 together 

with the cost of the replacement.  

In this section there will also be a consideration of the water purification system in order to 

calculate the profitability. The water purification system was earlier described in section 2.5.1.7 

Water purification. The system is assumed to be running an average time of 5 hours per day, 

producing 3500 liters of clean water. The only power needed for the purification system is to run 

the water pump which has an assumed rated power of about 600 W (Gardena, 2013). The 
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electricity consumption of the water purification system is therefore about 3 kWh per day which 

corresponds to the electricity consumption of one average household in the villages. This 

consumption is considered to be small in relation to the whole system of 55 to 115 household and 

therefore it is not included in the calculations. However the water purification system is assumed 

to be run during low peak power hours when there is free capacity available. 

The revenues from the project come from the customers who pay for the electricity distributed 

through the mini-grid to their houses, and for the clean water produced by the EEM. When 

planning for a mini-grid, to achieve sustainable success, it is important to consider and decide the 

tariffs for electricity carefully. This was earlier discussed in section 2.5.3 Tariffs and subsidies. As 

mentioned in that section there are several types of tariffs, among them the break-even tariff where 

the tariff is just enough to cover the running costs and the financially viable tariff that should cover 

all costs in the system. The option of a graded tariff regime, as mentioned in the same section of 

2.5.3 Tariffs and subsidies, is used by the EDM in Mozambique. This option would however be 

difficult to incorporate in Qirimize and Nicuita since almost all the intended users demanded 

almost the same electricity use. The estimation of the revenues for the calculations of annual cash 

flow and profitability of this project, is, however, based on the intended user’s willingness to pay 

for electricity. When the interviews and surveys about the demand for electricity and water were 

made in the villages the representatives were at the same time inquired about how much they were 

willing to pay for their demanded electricity and water consumption. On average the 

representatives of each village were willing to pay between 10-12 percent of the household income 

for the demanded electricity, i.e. 5 € per month in Nicuita and 7 € per month in Quirimize. This 

price corresponds to an average of 2.50 Mt/kWh. Compared to the price for the electricity 

distributed through the national grid, presented in section 2.2.5 Grid electrification, table 3, it is very 

similar. The household tariff for a consumption of 0-200 kWh per month costs 2.34 Mt/kWh 

when connected to the national grid (EDM - Electricidade de Moçambique, E.P., 2013). The price 

for off-grid electrification in Mozambique is, as mentioned in section 2.2.6 Off-grid and rural 

electrification, between 2 and 9 € per month, although this is subsidized. The price of electricity used 

for further calculations is 5 and 7 Euros in Quirimize and Nicuita respectively, which is considered 

to be in line with the current electricity prices in Mozambique due to the above discussion. The 

price they were willing to pay for water was the same in both villages, 1 € for 800 l. The result of 

the calculated annual revenues for system A and B, based on the users’ willingness to pay in each 

village is presented in table 19. 

 

Village System 
Revenues from electricity 

per year (€) 

Revenues from water 

per year (€) 

Total revenues 

per year (€)  

Quirimize A 4620 1597 6217 

Nicuita A 3900 1597 5497 

Quirimize B 7980 1597 9577 

Nicuita B 6900 1597 8497 

Table 18, Annual revenues from water and electricity in Quirimize and Nicuita for system A and B 
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The willingness to pay for electricity was higher in Quirimize, explained by the fact that they have 

higher incomes due to their occupation as fishermen. If the villages got access to electricity they 

would be able to generate a higher income and in the long term they will probably be able to pay 

more for the electricity, especially in Quirimize were they will be able to store and keep the fish 

fresh to sell to other villages and bigger communities inland. In Nicuita access to electricity could 

also generate a higher income since it would enable the inhabitants to store cold drinks and ice 

cream.  

The revenues calculated in this study are based on the assumption that the customers pay the same 

amount every month for electricity, an amount of 5 Euros in Nicuita and 7 Euros in Quirimize. 

This would only be likely if the monthly fee is fixed and not based on consumption, since the 

consumption would probably differ from month to month and it would especially be significantly 

lower at the beginning. Since the differences in consumption are difficult to predict and the rate of 

increase in demand as well, a fixed monthly fee with a maximum power cap of consumption for 

each household is assumed in this study. 

When discussing the revenues and also the price of electricity for the project it is also important to 

consider how the users will perform their payment. Some of the different options were discussed 

earlier in section 2.5.4, Payment. In the case of the villages of Quirimize and Nicuita a suggestion is 

made for the power based category that limits the current entering the house and also the peak 

power to prevent system overloading. The suggestion is based on the fact that the system is 

designed based on calculations of peak power demand, and it is especially important to prevent 

system overloading and power cut-offs, since it could lead to the stored fish being ruined. From a 

socio-economic sustainable perspective it is of most importance to guarantee a 24 hour supply of 

electricity without or with only short and rare power cut-offs.  

The annual cash flows were calculated using equation 18 and the results are presented in figures 

17-18 for Quirimize, systems A and B respectively, and figures 19-20 for systems A and B in 

Nicuita. 

 

 

Figure 18, Annual cash flow for system A in Quirimize 
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Figure 19, Annual cash flow for system B in Quirimize 

 

Figure 20, Annual cash flow for system A in Nicuita 
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Figure 21, Annual cash flow for system B in Nicuita 

 

The annual cash flows of the different systems and villages are quite similar, except that the cash 

flows are larger for system B. This is explained by the larger amount of households being supplied 

and therefore larger revenues, and also greater investment and maintenance costs because of 

higher capacity equipment. The negative cash flows occurring every 5 and 10 years are due to the 

replacement of equipment. 

The result of this section is the presented annual cash flow that will be used in further profitability 

analysis in the next section. In this section there has also been a suggestion for tariff decision of 

the project as well as the payment decision. The suggestions are; base the tariffs on the intended 

users willingness to pay for the electricity if it is financially viable and use the power based 

category, presented in section 2.5.4 Payment, for payment. 

4.5 Present value and payback period 

In order to evaluate the profitability of a possible EEM implementation in Quirimize and Nicuita 

the payback method was used. In section 4.4, Annual cash flow, the annual cash flows for systems A 

and B and for Quirimize and Nicuita were calculated and presented in figures 16-19. The payback 

period for the project is the time it is anticipated to take for the accumulated present value of the 

revenues to be equal to the accumulated present value of the costs, or for the accumulated present 

value of the cash flows to reach zero. Figure 21 shows the accumulated costs and revenues for 

system B in Quirimize when using a cost of capital of 10 %. The point where the lines cross 

illustrates the payback period. 
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Figure 22, Accumulated costs and revenues for system B in Quirimize using a cost of capital of 10 % 

 

From the figure it can be concluded that the payback period for system B in Quirimize with a 10 

% cost of capital is about 15 years. Figures for both systems in both villages with varying cost of 

capitals are presented in Appendix I. The payback periods for these are summarized in table 20. 

The calculations were made using equation 19 from section 3.6 with the values of costs and 

revenues presented in section 4.4. 

 

Village System 
Payback period (years) 

5 % cost of capital 10 % cost of capital 15 % cost of capital 

Quirimize A 14 25 > 25 

Nicuita A 17 > 25  > 25 

Quirimize B 12 15 > 25 

Nicuita B 14 20 > 25 

Table 19, Result of the payback period of the base scenario 

 

As seen in table 20, the payback period has been calculated using different costs of capital, 5 %, 10 

% and 15 %. When looking at the payback periods with the cost of capital of 5 %, both system A 

and B in both the villages will have been paid back within 25 years. The best result is system B in 

Quirimize, which has a payback period of 12 years. A cost of capital of 5 % is however relatively 

low; the standing lending facility in Mozambique is according to the central bank of Mozambique 

9.5 % (Banco de Moçambique, 2013). The inflation rate has also been high in Mozambique (The 

World Bank, 2013). Therefore it is assumed that a cost of capital of 5 % is low and not the most 

plausible number to use. When evaluating the result of the cost of capital with 10 % it does not 

show a proper profitability. The best result for a cost of capital of 10 % is, as for the 5 % cost of 

capital, system B in Quirimize with a payback period of 15 years. System B in Nicuita has a 
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payback period of 20 years, but when looking at the result of system A with a cost of capital of 10 

% the payback period is 25 years or even more. All results of both systems with the cost of capital 

of 15 % are showing a payback period of more than 25 years.  If the depreciation would be 

expected to be 10 years or less for the project it is concluded that none of the systems in none of 

the villages would provide a financially viable result.  

In order to change some input values within the calculations to try to find a more financially viable 

result, one option is to increase the cost of the electricity that the customers have to pay. In the 

current calculations of the base scenario, the electricity price is based on the customers’ willingness 

to pay. This corresponds to as mentioned earlier in section 4.4, Annual cash flow, 10-12 % of their 

income, i.e. 5 Euros in Nicuita and 7 Euros in Quirimize. If increasing the electricity price as a 

monthly fee to 20 % of their monthly income, i.e. 10 Euros in Nicuita and 12 Euros in Quirimize, 

the result of the payback period would be as presented in table 21.  

 

Village System 
Payback period (years) 

5 % cost of capital 10 % cost of capital 15 % cost of capital 

Quirimize A 6 7 8 

Nicuita A 6 7 8 

Quirimize B 5 5 6 

Nicuita B 5 5 6 

Table 20, Result of payback period with an increase in electricity price  

 

The result in table 21 shows a financially viable project. Both the systems and the villages show a 

payback period of less than 10 years for all costs of capital. System B, with a higher capacity and 

therefore more households to supply, shows the greatest result in both villages with a payback 

period of about 5 years for all values of cost of capital. 

However, the people in the villages are poor and may not be able to pay as much as 20 % of their 

income for electricity. The poor rural market is a great barrier for success in implementations of 

renewable energy electrification projects like the EEM (Ahlborg & Hammar, 2012). Off-grid 

electrification projects in Mozambique managed by FUNAE is also, as mentioned in section 2.2.6 

Off-grid and rural electrification, too expensive for the users to afford and the price of electricity is 

subsidized.  

Another option for success in the implementation would therefore be some kind of funding or 

subsidization as discussed in section 2.5.2 Financial aspects. A funding of 50 % of the investment 

cost for the project would result in the payback periods presented in table 22.  
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Village System 
Payback period (years) 

5 % cost of capital 10 % cost of capital 15 % cost of capital 

Quirimize A 4 5 5 

Nicuita A 5 5 7 

Quirimize B 4 4 4 

Nicuita B 4 5 5 

Table 21, Result of payback period with a 50 % decrease in investment costs 

 

The results in table 22 are even better than in table 21, were the result was based on a higher 

electricity price that the customers had to pay. The result of a funding of 50 % of the investment 

cost shows payback periods of about 4 to 5 years for both systems and both villages with all the 

cost of capitals calculated.  

The investment and maintenance costs used in the calculations are another parameter that could be 

changed to try to find a better profitability result. The investment cost of solar panels is in the 

calculations based on an average cost from 2012. The cost has, as described in section 2.5.1.1 Solar, 

followed a downward trend, and it might be reasonable to assume that it will decrease even further.  

The investment cost of the biomass gasifier is based on the current cost at the retailer’s website 

(GEK gasifier, 2013). If the project of the EEM continues to grow, it is also possible to assume 

that economics of scale could be utilized, resulting in a decreased investment cost.  A presentation 

of the result of the payback periods when calculating with a 5 % decrease in investment costs and 

replacement costs is showed in table 23. 

 

Village System 
Payback period (years) 

5 % cost of capital 10 % cost of capital 15 % cost of capital 

Quirimize A 13 18 > 25 

Nicuita A 15 > 25  > 25 

Quirimize B 9 13 > 25 

Nicuita B 13 18 > 25 

Table 22, Result of payback period with a 5 % decrease in the investment cost 

 

Table 23 presents like the base scenario a result that is not financially viable. If calculating with 

depreciation time of 10 years the only result showing profitability is the system B in Quirimize with 

a cost of capital of 5 %. This is, as mentioned earlier when discussing the profitability result of the 

base scenario, a low cost of capital for the case of Mozambique.    

A presentation of the result of the payback period when calculating with a 10 % decrease in 

investment cost and replacement costs instead is shown in table 24.  
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Village System 
Payback period (years) 

5 % cost of capital 10 % cost of capital 15 % cost of capital 

Quirimize A 12 15 > 25 

Nicuita A 14 > 25  > 25 

Quirimize B 8 12 18 

Nicuita B 12 15 > 25 

Table 23, Result of the payback period with a 10 % decrease of the investment cost 

 

Table 24, showing the payback period when calculating with a 10 % decrease in investment cost 

and replacement costs, shows almost the same result as table 23, where the result of a 5 % decrease 

in investment cost was presented.  If calculating with a depreciation time of 10 years the only 

profitable alternative from this calculation would be system B in Quirimize with a cost of capital of 

5 %.  

When conducting a sensitivity analysis of the investment cost, only a decrease in the price has been 

considered. This decision is based on the fact that the base scenario resulted in a non-profitable 

solution, which means that an increase in the investment cost would lead to an even worse 

financial result.   

The result of this section is that to achieve a profitable implementation of an EEM in Quirimize or 

in Nicuita the electricity price has to be relatively high compared to the incomes of the customers 

which in the long-term, when the access to electricity has contributed to  higher income 

generation, could be possible. Another option is to find some kind of funding for the investment 

cost, in order to achieve a profitable and socio-economic sustainable result of the project.  

 

4.6 The sustainability aspect of the project 

The aim with the Emergency Energy Module is to produce electricity from renewable energy 

sources and to provide a sustainable solution for electricity supply. Renewable energy sources, like 

solar and wind, are however unreliable sources of energy and from a socio-economic sustainable 

view a diesel genset in the EEM could be a better solution. This is based on the fact that a genset 

guarantees a 24 hours supply of electricity as long as you have enough fuel.  A 24 hours electricity 

supply is especially important in the specific cases of the villages of Quirimize and Nicuita were the 

inhabitants considered the production of ice and freezer storage as the most important factor 

needed for higher income generation and an improvement of the living standards in the villages. 

Moreover, a diesel genset is associated with a significantly lower investment cost than a biomass 

conversion system which is the alternative considered in this study. However, the calculations 

made in this paper resulted in a very expensive solution if the diesel genset was going to be used. 

The calculations were adjusted to meet a 24 hour supply with a back-up power source of batteries 

and a biomass gasifier that could, if needed, run for 24 hours. The biomass gasifier guarantees, like 

the diesel genset, a 24 hours electricity supply as long as it is refilled with biomass fuel. The 

solution with the biomass gasifier together with solar panels is therefore sustainable both from an 

environmental point of view as well as a socio-economic point of view at the specific locations of 

Quirimize and Nicuita.  
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Clean water is also produced by the EEM and both the villages lack access to clean water as 

described in sections 2.4.1 Quirimize and 2.4.2 Nicuita.  Increasing the access to clean water 

significantly improves people's health and development. Access to clean water is a matter of social 

sustainability, to build a long-term stable and dynamic society where basic human needs are met. 

The inhabitants of Quirimize and Nicuita considered the current water situation as a source of 

diseases and due to the damaged water pumps there were not enough water in the villages to meet 

the needs of the inhabitants. The EEM solution would be considerably important for the villages 

in order to provide better health and a better life standard.  

5 Conclusions 

This chapter will present the conclusions of this project based on the results from the last chapter. 

Hopefully the results will be used as a basis for further evaluations of projects like the EEM in the 

province of Cabo Delgado in the northern part of Mozambique.  

The annual average electricity demand per household was 1.2 MWh in Quirimize and 1.0 MWh in 

Nicuita.  

Based on the electricity demand in Quirimize and Nicuita and the capacity of the Emergency 

Energy Module the module could supply 55 and 65 households respectively with a lower capacity 

and 95 and 115 households respectively with a higher capacity. Each household corresponds to 3 

to 4 persons. The module will also be able to produce 3500 l of clean water per day. 

Based on a cost perspective the most appropriate design of the Emergency Energy Module in 

Quirimize and Nicuita would contain solar panels of 5.5 kW or 8.25 kW and a biomass gasifier of 

10 kW or 20 kW.  

The annual electricity production from solar and the biomass gasifier would be, based on the site 

specific conditions and the number of households supplied, 12 MWh or 18 MWh from solar 

depending on the number of solar panels installed and 52 MWh or 93-96 MWh from the biomass 

gasifier depending on the capacity of the gasifier.  

Based on the design of the Emergency Energy Module and the number of households being 

supplied by it the accumulated annual cash flows were calculated and used as a basis for the 

profitability analysis. The project could be financially viable if finding some sort of funding for the 

investment cost or a subsidization of the electricity price that the customers have to pay. From a 

financial point of view the best solution for both the villages is a system containing a biomass 

gasifier of 20 kW together with solar panels of 8.25 kW.   
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6 Future work 

This chapter will contain a short description of possible future work of the project evaluated in this 

paper.  

For a further, closer evaluation of the province of Cabo Delgado it is suggested that more accurate 

data should be collected regarding insolation, wind speed and available biomass. An energy 

modeling should also be made in order to adapt the best suited EEM design for the specific site 

and not only consider the cost aspect. The calculations in this paper are simplified with many 

assumptions and more accurate calculations should be done before implementing an EEM. The 

province of Cabo Delgado has great potential for these kinds of projects, since the major part of 

the populations lack access to electricity and clean water and the demand as well as the willingness 

to pay for electricity and water is high. The income in the country and in Cabo Delgado is, 

especially where there is no electricity, low and it is difficult to implement a project without some 

kind of funding. Suggested methods of funding could be to apply at the FUNAE or through a 

challenge fund.  When implementing projects like the EEM, financial and operation issues are 

critical to the long-term sustainability. Questions such as the role of the private sector, operations 

and maintenance and capacity building are essential to consider and should be further evaluated. It 

is the hope of the authors of this paper that the results of this study will be presented as a basis for 

future evaluation of the opportunity for this kind of projects in the province of Cabo Delgado in 

the northern part of Mozambique.  
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Appendix A, Exchange rates 

Exchange rates 

 

Exchange rates 

Dollar  Euro Meticais 

1.319 1 39.3 

1 0.758 29.96 

0.033 0.025 1 

(X-Rates, 2013), (XE, 2013) 
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Appendix B, Technical specification of the EEM 

B.1 Solar panels 

Supplier SILIKEN, S.A. 

Model number SLK60M6L Black 230Wp ~255 Wp Mono-Crystalline 

Quantity 22 

Max output power (W) 250 

Overall rated power (kW) 5.5 

Panel efficeincy ( % ) 15.4 

Dimension (mm) 1634 x 984 x 5 

(Siliken, 2012) 

B.2 Wind Turbine 

Supplier People Electrical Appliance Group 

Model number FD3.0-1000-10 

Type 3 Blade Upwind 

Generator Permanent Magnet Alternator 

Quantity 1 

Rated power (kW) 1 

Cut in speed (m/s) 3 

Rated wind speed (m/s) 9 

Cut out speed (m/s) 12 

Output voltage (V (DC)) 48 

Maximum power (W) 1300 

Rotor diameter (m) 3 

Swept turbine area(m ²) 7.1 

(People Electrical Appliance Group, 2013) 

B.3 Biomass gasifier 

Supplier All power labs 

Model number Kubota 3-cyl 962cc 

Quantity 1 

Power output (kW)* 2-10 

Biomass consumption (kg/kWh) 1,2 

Fuel type that works excellent Hardwood and softwood chips, nut and coconut shell 

Dimensions (m) 1.2 x 1.2 x 1.8 

(GEK gasifier, 2013) * 10 kWp is the nominal power 
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B.4 Water purification system 

 

Unit weight dry 12 kg 

Unit height 143 cm 

Unit width 18 cm 

Unit length 25 cm 

Typical flow rate 500-700 l clean water/hr 

Filtration direction Outside to inside 

Fibre material PVDF (polyvinylidene flouride) 

Fibre outside diameter 800 um 

Number of fibres per element 500 um 

Nominal pore size of a single fibre 0.04 microns 

(SkyJuice Foundation, 2013) 
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Appendix C, Electricity demand calculations 

C.1 Technical specification of electrical devices 

Device Power (W) 

Lights (CFL) 7* 

TV 140* 

Radio 40** 

Fan 55*** 

Freezer 80** 

Cell-phone charging 5* 

* (e.on, 2007), ** (Homer TLC, Inc., 2000-2011)  , *** (U.S. Department of Energy, 2012) 

C.2 Electricity consumption from each electrical device  

Equation: 

                 (Equation 1, see section 3.2 
  

                 (Equation 2, see section 3.2)  

Quirimize: 

Device 

Number of active hours, 

D, (h)* 

Power , P, 

(W) ** 

Electricity consumption, 

       , (kWh) 

Lights 44.7 7 0.3 

TV 3.35 140 0.5 

Radio 3.8 40 0.2 

Fan 6.15 55 0.3 

Freezer 24 80 1.9 

Cell phone charging 4 5 0.02 

Total     3.2 

 

Nicuita: 

Device 

Number of active hours, 

D, (h)* 

Power , P, 

(W) ** 

Electricity consumption, 

       , (kWh) 

Lights 51 7 0.4 

TV 3.25 140 0.5 

Radio 5.6 40 0.2 

Fan 5.4 55 0.3 

Freezer 17 80 1.4 

Cell phone charging 4 5 0.02 

Total     2.7 

*Presented in section 4.1, **Presented in Appendix C.2 
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Appendix E, Electricity production calculations 

E.1 Solar 

Equation:  

           
 
          (Equation 10, see section 3.3) 

 

Symbol Description Unit Value See section 

  Insolation Wh/m2/day 6000* 2.2.3.3 

    Efficiency of solar panels - 0.154 Appendix B1 

   Area of solar panels m2 35.4/53.1** Appendix B1 

  

*The average insolation in the city of Pemba presented in figure 1 in section 2.2.3.3. 

** The dimension of one solar panel, presented in Appendix B1, is 1634 x 984 mm which equals 

an area of 1.61 m2 for each solar panel. A total of 22 solar panels (system A) give a total area of 

35.4 m2 and 33 panels (system B) give an area of 53.1 m2. 

 

E.2 Wind 

Equation: 

                (Equation 11, see section 3.3) 

 

Symbol Description Unit Value See section 

   

Swept area of the 

wind turbine m2 7.1* 

Appendix 

B2 

  

Annual mean wind 

speed m/s 4.9** 2.2.3.3 

  Calculation factor - 3.2 3.3 

 

* The rotor diameter of the turbine, presented in Appendix B2, is 3 m, resulting in a swept area of 

(32/4)*π = 7.1 m2 

** The annual average wind speed in Mocimboa presented in table 2 

E.3 Biomass 

 

Equation: 

                              (Equation 12, see section 3.3) 

       = see section 4.2, table 10  
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Appendix F, Calculations for cost comparison 

Equation:  

                   (Equation 13, see section 3.4) 

 

r = cost of capital varied of 5 %, 10 % and 15 % 

   = accumulated cost (based on investment cost, replacement cost and fuel cost) 

  System A System B See section 

Total annual average 

 electricity production (kWh) 64405 112595  4.2, Table 10 

Annual electricity 

production from solar (kWh) 11900 17700  4.2, Table 11 

Annual electricity 

production from wind (kWh) 2700 2700  4.2, Table 11 

PV investment cost (€) 11935 17900  4.3, Table 13 

Wind investment cost (€) 1600 1600  4.3, Table 13 

Biomass gasifier 

investment cost (€) 14500 20500  4.3, Table 13 

Replacement cost (€) 

Biomass gasifier 3000 6000  4.4, Table 17 

Diesel genset  

investment cost (€) 3000 6000  4.3, Table 13 

Replacement cost 

diesel genset (€) 3000 6000   4.4, Table 17 

Fuel cost (diesel) (€/l) 0.81 0.81  4.3 
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Appendix G, Electricity production during the day 
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Appendix H, Calculations of annual cash flow 

H.1. Calculating annual revenues 

Equation  

             (Equation 14, see section 3.5) 

           (Equation 15, see section 3.5) 

p = price of electricity per household per month/water per liter 

c = households 

Vw = volume 

Village 

Price per month 

(€)* 

Households 

supplied ** 

Quirimize system A 7 55 

Nicuita system A 5 65 

Quirimize system B 7 95 

Nicuita system B 5 115 

* Based on the inhabitants of the villages willingness to pay for electricity, see section 4.4, ** 

see section 4.2    

 

H.2. Calculating annual costs 

                  (Equation 17, see section 3.5)  

Used values see section 4.4      

 

H.3. Calculating annual cash flow 

           (Equation 18, see section 3.5) 

     

  = annual revenues, see G.1 

   = annual costs, see G.2 
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Appendix I, Calculations of profitability 

Accumulated present value of costs and revenues of systems A and B in Quirimize and Nicuita 

with costs of capital of 5 %, 10 % and 15 %:  
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Appendix J, Cost of components 

 

Component 
Cost per 
unit (€) 

Reference 
Expected 
lifetime 
(years) 

Reference 

Biomass gasifier 10 kW 14500  (GEK gasifier, 2013) 
10 

 (GEK gasifier, 
2013) 

Biomass gasifier 20 kW 20500  (GEK gasifier, 2013) 
10 

 (GEK gasifier, 
2013) 

Solar panels (5.5 kW / 8.25 
kW) 

11900/17900  (NPD Solarbuzz, 2013) 
25 

 (Siliken, S.A, 
2013) 

Wind turbine 1600  (Rolland & Glania, 2011) 

25 

 (People 
Electrical 
Appliance 
Group, 2013) 

Water purification system 1580  (Kosk, et al., 2012) 
10 

 (SkyJuice 
Foundation, 
2013) 

Control system 5200  (Victron energy, 2013) -   

Batteries 333  (Fan, 2012) 
5 

 (Kosk, et al., 
2012) 

Diesel genset 10 kW 3000  (Rolland & Glania, 2011) 
5 

 (GEK gasifier, 
2013) 

Diesel genset 20 kW 6000  (Rolland & Glania, 2011) 
5 

 (GEK gasifier, 
2013) 
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Appendix K 

This appendix presents both the survey used in the villages to collect the electricity demand of 

each hour a typical day and the interview questions that were asked in the villages. All the days 

looked the same in the villages. Both the surveys and the questions were acquired with a selected 

group of inhabitants, consisted of about 20 persons, both men and women with ages between 20 

to 50 years. 

Survey  

 

Lights  TV Fan Radio 

00-01         

01-02         

02-03         

03-04         

04-05         

05-06         

06-07         

07-08         

08-09         

09-10         

10-11         

11-12         

12-13         

14-15         

15-16         

16-17         

17-18         

18-19         

19-20         

20-21         

21-22         

22-23         

23-24         
 

Interview questions 

 Would you like to use a freezer? 

 Are you using a cell-phone that needs to be recharged at home? 

 How many liters of clean water would you like to use per day? 

 How much per month would you be able to pay for electricity? 

 How much per month would you be able to pay for clean water? 

 

  


