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ABSTRACT 
 

This study investigates the potential for implementation of a solar PV-biodiesel hybrid system 

with battery storage in two rural villages in the Cabo Delgado province in Mozambique. 

These villages, Nicuita and Quirimize, have at present very limited access to electricity which 

greatly inhibits an increase in living standards and development of the respective 

communities.  

 

Based on the results of conducted surveys mapping potential electricity demand, the load 

profiles of the villages alongside an investigation of the availability of different resources are 

the input of the model of this study with which appropriate dimensions of the hybrid system 

are suggested for each village.  

 

The targeted biofuel of the solar PV-biodiesel hybrid parallel configuration suggested in this 

study is jatropha based biodiesel for both Nicuita and Quirimize. The biodiesel fueled diesel 

generator and battery storage meets the nighttime load of the villages, while the solar PV 

system meets the load during daylight hours and also charges the battery bank to supply the 

nighttime load not covered by the diesel generator. The electricity production of the hybrid 

system is distributed through a mini-grid.  

 

The suggested dimensions of the hybrid system configuration for 50 households in Nicuita 

includes a 19.5 kW diesel generator, a 13.6 kW solar PV system and a 350 Ah battery bank. 

The suggested dimensions for 50 households in Quirimize incur a 22.5 kW diesel generator, a 

13.4 kW solar PV system and a 304 Ah battery bank.  

 

In this study, the biodiesel availability and solar radiation is established to be sufficient as 

resources for the hybrid system to successfully meet the demand of each village. It can be 

derived, from the results of this study, that there indeed is a potential for the implementation 

of a solar PV-biodiesel hybrid system in Nicuita and Quirimize.   
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ABSTRATO 

O presente estudo investiga o potencial para implementação de um sistema de híbrido solar 

PV-biodiesel com armazenamento de bateria em duas aldeias rurais na província de Cabo 

Delgado, em Moçambique. Estas aldeias, Nicuita e Quirimize, têm no presente muito limitado 

acesso à energia elétrica que inibe significativamente um aumento no nível de vida e 

desenvolvimento das respectivas comunidades. 

 

Os perfis obtidos na demanda de energia electrica das aldeias,  são baseados nos resultados de 

pesquisas de mapeamento de potencial da demanda de energia elétrica, ao lado de uma 

investigação da disponibilidade dos recursos diferentes que são a entrada do modelo deste 

estudo com dimensões adequadas do híbrido sistema que são sugeridos para cada aldeia. 

 

O pretendindo biocombustível  da paralela configuração do solar PV-biodiesel híbrido 

sugerida neste estudo é biodiesel de jatropha baseado para Nicuita e Quirimize. O biodiesel 

alimenta o gerador diesel e o armazenamento da bateria absorve a demanda noturna das 

aldeias, enquanto o sistema solar PV absorve a demanda durante o dia e também carrega o 

banco de baterias para fornecer a demanda noturna não abrangida pelo gerador diesel. A 

produção de electricidade do sistema híbrido é distribuída através de um mini-grid. 

 

As dimensões sugeridas das configurações de sistema híbrido para Nicuita são:  um gerador 

de diesel 19,5 kW, um sistema PV 13,6 kW e um banco de bateria 350 Ah. As dimensões 

sugeridas para Quirimize seriam um gerador de diesel 22,5 kW, um sistema PV 13,4 kW e um 

banco de bateria 304 Ah. 

 

O presente estudo estabelece que a disponibilidade de biodiesel e a radiação solar são 

suficientes como recursos para o sistema híbrido para com sucesso absorver a demanda de 

energia eléctrica de cada aldeia. Pelos resultados deste estudo, pode-se concluir que na 

verdade existe um potencial para a implementação de um sistema de híbrido solar PV-

biodiesel em Nicuita e Quirimize. 
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NOMENCLATURE 

 
ABBREVIATION DENOMINATION 

 

AC  Alternating Current 

ADM  Agri-Negocio para o Desenvolvimento de Mozambique, Lda.  

CFLi  Compact Fluorescent Lamp 

CNELEC  Conselho Nacional de Electricidade 

CSP  Concentrating Solar Power  

DC  Direct Current 

EdM  Electricidade de Mozambique 

EEM  Emergency Energy Module 

FUNAE  Fundo Nacional de Energia  

GDP  Gross Domestic Product 

GHG  Greenhouse Gas 

GLS  Standard Incandescent Lamps 

KTH  Royal Institute of Technology (Kungliga Tekniska Högskolan) 

MT  Mozambican  Meticais 

NBSP  National Biofuels Strategy and Policy 

PRONASAR  The National Water Supply and Sanitation Programme 

PV  Photovolatics 

PV/T  Photovolatic/Thermal 

RWPIP  The Rural Water Point Installation Program 

Si-PV  Silicon based photovoltaics 

UN  United Nations 

UNICEF  United Nations Children’s Fund 

USD  US Dollar 

WHO  World Health Organization 

 

SYMBOL  DENOMINATION   UNIT 

 

Apanel   Area of one solar panel   m
2 

Asolar  Total area of solar panels   m
2
 

Bdimension   Dimension of battery storage required  Ah 
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Dt  Load in hour t   W 

Ebattery dimension Dimension of batteries in order to  

meet night time load    Wh 

Ebattery total  Energy output from batteries required to meet  

night time load   Wh 

Ediesel  Energy from biodiesel   MJ/day 

ηcontroller  Efficiency of controller   - 

ηbattery  Efficiency of the battery   - 

ηgenerator  Efficiency of diesel generator  - 

ηPVsystem  Efficiency of PV system   - 

nharvest  Number of harvests per yeas  -
 

nsolar  Number of solar panels   - 

mbio  Mass of seeds/fruits    kg/day 

mharvest  Mass of seeds/fruits per harvest  kg 

Pbattery, t   Power output from battery bank in hour t W 

Pgenerator rating   Power rating of diesel generator  W  

Pgenerator, t    Power generation from the diesel generator 

  in hour t    W 

Psolar dimension  Total capacity of solar panels  W 

PPVoutput  Solar panel power output   W 

Psolar   Power generated hourly by solar panels  W 

ρoil  Oil density    kg/liter 

udiesel  Heating value of biodiesel   MJ/liter 

Usystem  System voltage   V 

Vdiesel  Volume of biodiesel needed  liter/day 

xdischarge  Maximum level of discharge for battery  - 

xoil  Volume fraction of oil in the biodiesel mix - 

xoilconten  Mass fraction of oil per seed/fruit  - 

xt  Fraction of the rated power of which the  

diesel generator runs at in hour t  - 
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1. INTRODUCTION 

 

Energy is a critical factor for economic growth and development, requiring extraction of 

resources from the environment to manufacture goods, provide services and create capital. 

Empirical models have clearly shown a positive correlation between per capita energy use and 

gross domestic product (GDP). Large amounts of energy will be necessary to power economic 

growth and lift developing nations out of poverty. (Brown et al., 2011) To sustainably satisfy 

the world’s rapid increase in demand for energy services, it is vital for developing countries to 

utilize renewable energy resources and avoid lock-ins in fossil fuels. Future prices of fossil 

fuels are volatile and expected to grow rapidly considering depletion theories and increasing 

costs due to emission regulations.  

 

In 2011 approximately 1.3 billion people, representing 20% of the world’s population, had no 

access to electricity (IEA, 2011). In addition, 780 million people in the world lacked access to 

clean water in 2010 (WHO & UNICEF, 2010). Approximately 3.4 million perish every year 

due to resulting sanitation and hygiene deficiencies. 99% of these deaths occur in developing 

nations. (WHO, 2008). Hence, there is a clear need of increased clean water supplies and 

electrification in many parts of the world.  

 

With 54% of its population living below the poverty line, Mozambique is regarded as one of 

the poorest countries in the world (Cuvilas et al., 2010) despite a very high economic growth 

which in 2011 reached 7.1% (Smith, 2012). As 63% of the population of 20.4 million live in 

rural areas, increased opportunities for energy supply is essential for the nation’s further 

development (Cuvilas et al., 2010). Furthermore, most of the inhabitants in urban areas are 

extremely poor and live in slums with no access to basic services including water supply, 

sanitation, transport and electricity (Arnal et al., 2010).  

 

As 14-15% of the population has access to electricity, it is clear that the degree of 

electrification in the country is low. Moreover, the gap of electrification between rural and 

urban areas is great. Maputo has the highest degree, 31%, while the rural areas of Cabo 

Delgado reach the lowest level at 2.8%. (SIDA, 2011) In addition, the degree of access to 

clean water in the urban areas of Mozambique is only 43% and 24% in the rural areas. WHO 

and UNICEF (2010) recommend a daily minimum of 50 liters of water for personal domestic 

needs. This daily water availability in Mozambique is only 10 liters. (Arnal et al., 2010) 

 

From the above, one can derive the conclusion that there is a strong demand for an increased 

supply of both electricity and water through renewable resources. This applies both to 

Mozambique and many other developing countries.  
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2. OBJECTIVES 

As follows is the problem formulation and proposed hypothesis of this study, followed by the 

aims, goals as well as limitations set up in investigating this hypothesis.  

 

2.1. PROBLEM FORMUALTION 
 

A lack of access to energy services greatly inhibits an increase in living standards in 

Mozambique. The development of the country’s energy system and extension of the necessary 

infrastructure and power grid may take a long time, especially in reaching more remote rural 

villages. As a result, there is a need for off-grid electrification in many areas.  

 

2.2. HYPOTHESIS 
 

There is an abundance of resources in Mozambique which is not being fully utilized, from 

biomass to solar power. A deficient energy infrastructure incurs an absence in connection to 

the national power grid. The Emergency Energy Module (EEM) is an off-grid, fuel flexible 

solution to the stated problem. (EXPLORE Polygeneration, 2012). The module is an on-going 

research project at the Royal Institute of Technology (KTH) since 2010 (Malmquist, 2013), a 

prototype seen in Fig 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The development of the module is a part of EXPLORE Polygeneration: an umbrella project 

incorporating a system’s perspective for both sustainable energy conversion and use. Fuel 

flexibility enables the utilization of more than one energy resource, subsequently using 

available renewable energy fully to satisfy demand for different services. The EEM can be 

powered from a combination of biomass gasification, solar photovoltaics and wind power. 

Fig 1. a & b. Prototype of the EEM at KTH main campus in Stockholm.  
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The services supplied by the module, for which demand may vary accordingly with its 

specific location, include electricity, heating, cooling, water and dry air (see Fig. 2). 

(EXPLORE Polygeneration, 2012) 

 

As the name Emergency Energy Module indicates, the module can be used in emergency 

situations to handle power outages; however it can also function as a constant localized source 

of energy services. Since the module does not require connection to a power grid and has 

inbuilt fuel flexibility, it has a great potential in developing countries with deficiencies in 

energy system infrastructure.  

 

2.3. AIM & GOALS   
 

The purpose of this project is to explore the implementation dynamics of the module through 

field studies of its potential in Mozambique. The aim is to investigate the balance of inputs of 

the EEM based on available resources as well as the demand of desirable outputs. Through 

these investigations, the proportions of the different components of the EEM will be proposed 

in order to establish a potential EEM design for two targeted villages of this study. 

 

The goal of the project is to reach a conclusion regarding the energy balance of inputs and 

outputs of the EEM in specific locations in Mozambique. The focus will be on two villages in 

the Cabo Delgado province in the northern part of the country, Nicuita and Quirimize. 

Contrasting conditions that potentially affect the balance of inputs and outputs of the module 

will be investigated and through such measures, a broader perspective for implementation in 

Cabo Delgado will be attained.  

 

Fig. 2. Conversion process of biofuel, wind and solar 

energy inputs to energy service outputs in the EEM 

(EXPLORE Polygeneration, 2012) 
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The inputs regard the available fuel and power sources. The outputs regard the desired energy 

services, what these services will be utilized for and their prioritization. The energy 

conversion devices combined is the tool transforming the inputs to outputs (see Fig 3. below).  

 

 

 

 

 

 

 

 

 

 

 

 

 

The milestones of the project are:  

 

- to investigate the availability of the energy sources biomass, solar power and wind 

power in the villages Nicuita and Quirimize. 

 

- to carry out surveys on a selected population in each of the two villages, as well as a a 

more detailed interview with the respective head of each village; investigating the 

desired outputs of the energy module and acquiring an improved understanding on 

what demand the module will be utilized to meet at present and in the future.  

 

- to carry out interviews with stakeholders with more power and knowledge of the 

available inputs, such as energy companies, institutes as well as university lectors and 

researchers.  

 

- to create an energy demand model with the load of the selected populations, based on 

the conducted surveys in each village. 

 

- to select suitable energy conversion components for the proposed dimensioning of the 

EEM for implementation in each village. 

 

- to dimension the selected components of the EEM in accordance with the attained 

energy demand profile. 

 

 

 

Energy Conversion 

Devices 

Clean Water 

Electricity Energy Source 

Source of Impure 

Water 

Fig 3. Input and output dynamics 
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2.4. LIMITATIONS 

 
The limitations set up for the scope of this study are deeper investigations of the economics, 

logistics and distribution aspects of the EEM.  The specific choice of components, distribution 

techniques and resource logistics will therefore not be deeply investigated. The two targeted 

villages of this study are an additional limitation to its scope. However, a short discussion of 

the general potential of implementation in developing countries will follow in chapter 6.  
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3. LITERATURE STUDY 

 

The literature study of this report will facilitate a general understanding of Mozambique as 

well as the water and energy situation, policies and strategies in the country. The potential 

resources biofuel, solar power and wind power as input to the EEM as well as applicable 

energy conversion techniques will be investigated. This investigation will be carried out in the 

context of the country. The literature study will focus on Mozambique as a unit, and thereafter 

in chapter 4 of this report the process of choosing specific province and villages as well as the 

targeted energy sources will be described. Here, these choices will also be motivated.  

 

3.1 COUNTRY AND ECONOMIC CONTEXT 

 

Mozambique, with a population of 23.5 million as of July 2012 (CIA, 2013) is located on the 

eastern coast of Southern Africa (see Fig. 4). The country occupies an area of 802 000 km
2
, 

and has a 2 700 km coastline (African Development Fund, 2006). The climate is tropical and 

subtropical with dry winters from April to September and rainy summers from October to 

March. About 78 % of the land is covered by trees and woody vegetation, with productive  

forests occupying 25 %. (Cuvilas et al., 2010). 

 

 

After being a Portuguese colony for almost 500 years, Mozambique gained independence in 

1975. Already being one of the world’s poorest countries, the situation exacerbated due to 

socialist mismanagement and a 16 year brutal civil war, ending in 1992. In the mid 1990’s the 

economy was stabilized by a series of macroeconomic reforms. In combination with donor 

assistance and political stability due to multi-party elections the country’s economic growth 

rate increased dramatically (CIA, 2013).  

 

Despite fiscal reforms improving the government’s ability of revenue collection, more than 

half of Mozambique’s annual budget is dependent on foreign assistance (CIA, 2013). The 

trajectory of growth has furthermore not been matched by a reduction in poverty, with more 

Fig. 4. Location of Mozambique. (BBC, 2012) 
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than 50% of the population living on less than 1 USD a day. Floods hitting Mozambique in 

2000 and 2001, followed by a severe drought in 2002, affected one quarter of the population 

and lead to large economic setbacks as well as infrastructure destruction. (BBC, 2012) The 

latest flooding in January 2013 displaced 70 000 people in the southern parts of the country 

(Aljazeera, 2013).  

 

Agriculture employs the majority of the labor force, at 80 %, and accounts for about 21 % of 

the GDP. For 95% of the rural households, farming is the main activity (Cuvilas et al., 2010) 

and the smallholder agricultural productivity is weak (CIA, 2013). Land and all the natural 

resources belong to the state (Cuvilas et al., 2010). Accounting for one third of the export the 

Mozambican economy is heavily reliant on aluminum. International aluminum prices being 

volatile, the GDP was lowered by several percentage points during the global economic crisis.  

Other important export commodities are prawns, cashews, cotton, sugar, citrus and timber.  

(CIA, 2013) Foreign investors are furthermore showing an interest in the untapped oil and gas 

reserves as well as the coal and titanium resources (BBC, 2012).    

 

3.2. ENERGY SITUATION IN MOZAMBIQUE 
 

The energy utility EdM, Electricidade de Moçambique, controls most of the Mozambican 

power sector for which electricity is nearly solely supplied by the Cahora Bassa 2075 MW 

hydropower station in the North-West. Most of this production is exported across the border 

to South Africa, nonetheless reaching several cities and towns along the transmission line. 

Due to long distances and lack of grid extension, there are also significant transmission losses. 

The majority of the rest of the country’s supply is met through smaller hydropower stations, 

with a backup of coal power. In addition, several diesel generators have been installed to meet 

more remote and smaller demand. The rural electrification level of Mozambique is however 

unsatisfactory, being at lowest 2-5% in certain provinces. (Ahlborg & Hammar, 2012)   

    

With current development it is unlikely to, in the near future, extend the power grid to meet 

the large electricity demand. It would, for example, require hefty investments in long 

transmission lines. Therefore, off-grid electrification is highly called for and already under 

way, at present powered mostly through diesel engines and dependent on fuel transport for 

functioning. (Ahlborg & Hammar, 2012). Small-scale, renewable energy technology based 

off-grid rural electrification has a great deal of potential in the country, and the concept is 

recognized by the World Bank. However, there is concern of the failure of these off-grid 

connections reaching the poor due to a reluctance of private businesses and a lack of support 

from banks in the investment of these connections. Off-grid schemes are generally more 

expensive than grid connections for households. However, it is also stated that learning-by-

doing and technological developments will make off-grid electrification more competitive. 

(World Bank, 2012).  
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3.3. ENERGY POLICY & POLITICS 

It is a government priority to continue reducing poverty and accelerating economic growth 

through exploiting Mozambique’s plentiful resources to sustain a persistently increasing 

access to energy, which has more than doubled since 2004. One of the government’s currently 

largest projects is the development of a cross-border, backbone transmission system which 

will reduce bottlenecks and enable a national grid capable of stably transmitting 9200 MW 

from the North to Maputo and thereafter to southern Mozambique, with excess energy 

exported to South Africa. (World Bank, 2012).  

The government’s approach is to extend electrification through multiple measures in 

governmentally backed projects, including exploitation of resources such as hydropower and 

natural gas, extend and improve the national grid as well as implementing of off-grid 

renewable systems in more remote areas. Most of the increased electricity access in the 

country is a result of access to the national power grid. However, 2.8 million Mozambicans 

have benefited from intensive rural off-grid electrification, mainly through small-scale 

photovoltaic solar systems and hydropower. The grid extension has an initial focus on the 

growing “peri-urban” areas, with complementary off-grid solutions in rural areas. (World 

Bank, 2012).  

The World Bank is currently in the process of a 120 million USD program supporting 

planning, policy and development in the Mozambican energy sector. This institutional 

strengthening regards in particular Electricidade de Mozambique (EdM), Fundo Nacional de 

Energia (FUNAE) and Conselho Nacional de Electricidade (CNELEC). (World Bank, 2012).  

3.3.1. INSTITUTIONS  

For the purpose of this investigation, the institutions regarding energy in Mozambique are of 

interest because of their great impact on the direction in which the country moves in the 

energy sector and on future possibilities. The following are the main public bodies affecting 

these developments.  

FUNAE  

FUNAE, Fundo Nacional de Energia, is a Mozambican public institution operated on a 

national level, which is financially and administratively self-governing. The objectives of this 

institution are to develop, produce and utilize different forms of low-cost power as well as to 

promote sustainable resource management. FUNAE supplies financial aid to projects which 

fall in line with these objectives. (FUNAE, 2013a).  

FUNAE supplies aid to parties with the objective of production, development, distribution 

and conservation of diverse forms of power. This aid can encompass both financial as well as 

practical support such as consulting services and technical support. The activities of the 

institution also include acquiring, financing or supplying financial guarantees for the purchase 
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of equipment for producing and/or distributing power. New and renewable resources are 

prioritized. With a focus on development, FUNAE finances and publishes studies and 

investigations on power technologies and renewable power. (FUNAE, 2013a).   

FUNAE has a focus on rural electrification, and off-grid solutions through renewable energy. 

Financial assistance is also given to transport petroleum products to rural areas, alongside 

promotions towards the installation of petroleum distribution networks in rural areas. In 

addition, FUNAE promotes forest biomass production. (FUNAE, 2013a). Seeing the 

institution’s strong focus on rural electrification, it is of interest regarding the EEM and for 

consultation in this study. 

EdM and CNELEC 

EdM, Electricidade de Moçambique, is a public company which manages power transmission 

and dispatch. The transmission peak is very low in comparison to, for example, South Africa. 

The company has been separated into business units and is under development, with plans for 

its power to reach 15% of the population by 2020, as opposed to today’s approximate 6%. 

EdM applies cross-subsidization in the grid tariff pricing benefiting lower income consumers. 

CNELEC, in this picture, has the responsibility to appoint a board which will analyze and 

report the progress of EdM from different perspectives to ensure an increasing efficiency and 

development in line with the government priorities. (Chambal, 2010).    

3.3.2. ENERGY STRATEGY 

In the 2008-2012 Energy Strategy of Mozambique, several aspects and policies were decided 

upon. Tariffs and the fiscal regime promote a fair energy market, rational energy usage and 

environmental impact minimization and mitigation. The tariffs are also “pro-poor,” meaning 

that regions with a higher consumption are charged higher tariff unit rates, enabling cross-

subsidization of energy consumption for lower-income parties.  Strategic initiatives include 

life cycle analyses, rural electrification programs, producing recommendations for efficient 

energy usage etc. (REEEP, 2012).   

Grid electricity tariffs have traditionally been set by the Ministry of Finance, and there has 

been no regulation on tariffs for off-grid renewable energy generation. FUNAE promotes a 

framework to determine appropriate tariffs suited for small hydro, solar, wind and biomass 

plants based on financial, social and environmental perspectives in these off-grid solutions. 

Increased rural electrification is an outcome of such tariff regulations. (REEEP, 2012).   

There is an increasing interest, both in the public and private sector, in renewable energy but 

with a lag in actual investment. 90% of the renewable energy in Mozambique consists of fuel 

wood. However, the government has a series of planned power projects, greatly dominated by 

hydropower. (Chambal, 2010). Brief explanations of the government’s strategy and policy 

standpoints regarding the renewable energy sources applicable to the EEM, biofuel, solar 

power and wind power, are as follows: 
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Biofuel 

Rising concerns on climate change, energy security and oil prices have contributed to an 

increase in attention towards biomass as a source of energy. Analysts see Mozambique as one 

of the most promising African countries for bioenergy production, and the Mozambican 

government recognizes this potential. The success of biofuel development is highly dependent 

on infrastructure, storing and processing facilities as well as competence availability. 

Moreover, this success depends on government policy and objectives. (Schut et al, 2010).    

As mentioned, a vast majority of the energy in Mozambique is fuelled from wood. The 

Mozambican government has issued harvesting licenses in an attempt to regulate the 

production of wood fuel, which is the dominant household energy source in the country with a 

combined annual production capacity of firewood and charcoal of approximately 22 million 

tons. Government attempts to reduce this usage must face extensive illegal production, which 

constitutes a vast majority of the total production. Charcoal energy conversion technologies 

are highly inefficient due to a lack of recognition in public policy spurred from a deficit in 

data and control. (Cuvilas et al, 2010).  

Potential for substitutes of traditional biofuels have been recognized, apparent in the increase 

in investment and government attention in the bioenergy sector. These trends in biofuel must 

be coordinated with government policy and objectives. Most current and planned bioenergy 

projects in the nation are focused not on more distant rural areas with low electrification rates 

but mainly on foreign markets (Schut et al, 2010).  A domestic market has predominantly not 

been recognized. However enormous amounts of energy resources from the agricultural 

domain are wasted, and not visible in government databases (Cuvilas et al, 2010). The 

production of biofuels is still marginal, but plans of increased production are at hand.  

According to the Mozambican government’s National Biofuels Strategy and Policy (NBSP), 

established in 2009, the country will focus on four main promising energy crops: jatropha and 

coconut for biodiesel, and sugar cane and sweet sorghum for bioethanol. Table 1 shows the 

corresponding yields and biofuel yields of these crops (NL Agency, 2012). These crops have 

on average a higher biofuel yield (tons/ha) than competing alternatives (Econergy 

International Corporation, 2008). However, the prioritized energy crops will be revised in 

2013, possibly resulting in the substitution and/or inclusion of others (NL Agency, 2012).  

 

 

 

 

 

 

Energy crop Yield 

(ton/ha) 

Biodiesel 

yield (ton/ha) 

Sugar cane 133.3*** 3.7-5.5* 

Coconut 3.17 ** 0.46* 

Jatropha 2.64 

(oil)*** 

0.6-0.8* 

Sweet Sorghum 60* 1.7-7.9* 

Table 1. Yields of promoted energy crops 

*(Econergy International Corporation, 2008) [assuming 

a 98% oil to biodiesel conversion rate] ** (FAOSTAT, 

2011) *** (Schut et al., 2010) 
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The government’s strategy for bioenergy provides a general guiding structure for the sector, 

but further regulations on biofuel pricing, an auctioning system for biofuel purchase, fiscal 

incentives such as tax cuts and levels of blending mandates are in the process of 

establishment. The NBSP grows from an expectation in biofuel expansion strengthened by 

compulsory blending of gasoline with ethanol or biodiesel in the ratios 90:10 and 95:5 

respectively. (Schut et al, 2010).   

Solar energy  

The Mozambican Energy Policy, as formulated since 1997, promotes the development of 

conversion technologies for environmentally friendly resources, including solar photovoltaics 

(Chambal, 2010). Over recent years, photovoltaic solar energy has increasingly been adopted 

in more than 300 health centers and schools in rural areas, telecommunication businesses etc., 

highlighting the fact that the country has an abundance of solar energy resources. Despite this 

potential, investigations of the solar energy possibilities have been poor. (Cuvilas et al, 2010). 

However, there are substantial plans of expanding the implementation of solar power through 

local solar panel production in Matola, in the Maputo province. This production will be run by 

FUNAE and is scheduled to be initiated by the end of 2013. (Tsamba, 2013). 

The Energy Reform and Access Project of 2003-2011 was created to strengthen 

Mozambique’s ability to increase its standard of living through an expanded access to 

electricity. The focus regarding resources for this increased access was, in combination with 

micro-hydropower plants, on solar photovoltaics. (Reegle, 2013). 

Wind energy   

The Mozambican energy policy, as formulated in 1997, also promotes the development of 

wind power as an environmentally friendly resource. A current example of the development 

of wind power is the promotion FUNAE has been executing of the use of wind energy along 

the Mozambican coast for water pumping. (Chambal, 2010).  

In promoting renewable energy, measurements of the wind power potential are carried out in 

the Ponta de Ouro in the Matutuıne district and Tofinhe in the Inhambane district. Both 

districts are located in the Maputo province. Extended measurement in the country is planned. 

(Reegle, 2013). FUNAE, for example, is currently carrying out a complete mapping of the 

wind potential of the country, a publication not yet open to the public. (Tsamba, 2013). 

3.4. WATER SITUATION IN MOZAMBIQUE 

As mention in the introduction of this report, with a water availability for personal domestic 

needs of merely one fifth of the 50 liters per person recommended by WHO and UNICEF 

(2010) and a degree of access to clean water as low as 43 % in urban areas and 24 % in the 

rural areas, the water situation in Mozambique is among the poorest in the world (Arnal et al., 

2010). This is also illustrated by Fig. 5, clearly displaying Mozambique as one the countries 

in the world with the lowest rural access to improved water resources.  
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Even though groundwater is used to a large extent to cover the drinking water supply in urban 

areas, surface water is the main source of water utilized in Mozambique (FAO, 2005). In rural 

areas, the drinking water is mainly from hand pumps, supplying 90 % of the population. 

These pumps are however consistently failing due to several circumstances, including an 

unavailability of spare parts, a lack of mechanics trained and equipped for maintenance as 

well poor initial water quality and quantity levels. (Water and Sanitation Program, 2012b).   

 

Regarding sanitation, around 9 million, or 40 % of the population, use unsanitary or shared 

latrines and another 40 % have no access to latrines at all, defecating in the open. Together 

with the poor water situation, this is an enormous health care issue. About 14 500 people, 

including 10 700 children under 5 years of age, die from diarrhea every year in Mozambique. 

90 % of these cases are directly caused by the deprived water, sanitation and hygiene 

situation. (Water and Sanitation Program, 2012a)  

 

3.5. WATER POLICY & POLITICS  

 
Rural water supply is one the Mozambican government’s main focus areas in the effort to 

eliminate poverty (Mozambique Millennium Challenge Account, 2012). Between 2013 and 

2015, the government has expressed an annual spending requirement of 35 million USD on 

water sources. The National Water Supply and Sanitation Programme (PRONASAR) includes 

plans to ensure access to clean drinking water for 70% of the population by 2015 in order to 

meet UN set Millennium Development Goals. Until recently, this access meant one water 

source within a 500 meter radius per 500 people. However, this was later revised considering 

Fig. 5. Map showing based on statistics from 2008-2012, for each country, the percentage of the rural population 

with reasonable access to water from an improved source, including household connection, public standpipe, 

borehole, protected well and rainwater collection. Reasonable access is here defined as a minimum of 20 liters 

available per person per day from a source within one kilometer from the household. (World Bank, 2013a). 

Mozambique 
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the amount of people to one source and queuing time to gather water. Households were still 

running with water shortages. These plans have gone through revision, and each source is to 

supply 300 people within the same radius, meaning that in order to reach the 2015 target, up 

to 4300 additional sources must be added. (allAfrica, 2012).  

The key activities of PRONOSAR involve sub-projects engaged in construction and repair of 

water wells and boreholes, water point rehabilitation, miniature piped system construction and 

sanitation facility construction and promotion (OWAS, 2010). In the northern provinces 

Nampula and Cabo Delgado, where the water supply is the lowest in the country, The Rural 

Water Point Installation Program (RWPIP) is designed to implement 600 rural waterpoints 

between 2008-2013 (Mozambique Millennium Challenge Account, 2012).  

 

3.6. TARGETED VILLAGES  
 

As the purpose of this study is to investigate suitable villages for implementation of the EEM, 

Cabo Delgado is of interest. The location of the province in the country is seen in Fig. 7. It is 

the province with the lowest degree of electrification in the country, at 2.8% (SIDA, 2011), 

and with one of the lowest coverages of rural water supply, together with the Nampula 

province (Millenium Challenge Account- Mozambique, 2012). Moreover, the province has 

revealed numerous potential energy sources to fuel an increased electrification rate.  

 

Significant potential for bioenergy production with large areas of available land for 

agriculture is evident in central Mozambique, especially in the provinces Sofala, Manica, Tete 

and Zambezia as well as northern Mozambique, especially in the provinces Zambézia, 

Nampula, Cabo Delgado and  Niassa. The extent of land availability in different Mozambican 

provinces is as shown in Fig. 6. Cabo Delgado has been identified as one of Mozambique’s 

Fig 6. Potential land availability for energy crop production . VS –very suitable; S – 

suitable; MS – moderately suitable; mS – marginally suitable. (Cuvilas et al, 2010) 
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most suitable areas for bioenergy production, with a potential land availability of more than 5 

Mha. (Culvilas et al., 2010). There are also many old plantations in Cabo Delgado, classified 

as previously cultivated, which can be cultivated once more without any considerable changes 

in land use and environmental impact (Econergy International Corporation, 2008).   

 

The potential for solar power in the country increases from south to north alongside the coast. 

Cabo Delgado has the highest average daily insolation values. Despite the good conditions for 

solar power, it has not been investigated until recently. In 2006 a gradual adoption of solar 

power in rural schools and health centers commenced. (Cuvilas et al., 2010).  

 

With its coastal location, there are also positive prospects for the use of wind power in the 

region. For example, FUNAE works with the promotion of wind energy for water pumping in 

areas along the coast, where there is significant potential for wind power (Chambal et al., 

2010). Wind resource mapping in Cabo Delgado as well as for the rest of the country is under 

way (Tsamba, 2013), necessary in order to realize the potential to a greater extent (Chambal et 

al., 2010). 

 

Based on the above, Cabo Delgado is chosen as the targeted province of this study. There is a 

clear demand for increased electrification as well as an abundance of possible energy sources 

applicable for the EEM. Two villages in Cabo Delgado are therefore the target of a study of a 

possible implementation of the EEM: Nicuita and Quirimize. The electricity demand and 

available energy sources are investigated in the studied villages through surveys and 

interviews with the respective village chiefs.  

 

3.6.1. DESCRIPTION OF VILLAGES 

Quirimize is in the Macomia disctrict and Nicuita in the Ancuabe district of the Cabo Delgado 

province, seen Fig 8 below. The two villages both have very limited access to electricity. A 

small quantity of households have solar powered battery solutions, however a vast majority of 

the population of the two villages are in need of access. As seen in the following descriptions, 

they provide significantly different conditions and outlooks for the EEM.  

Fig 8. Districts of Cabo Delgado   

(World Bank, 2013b) 

Fig 7. Cabo Delgado province in northern Mozambique 

(Tembe, 2007) 
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Nicuita 

2 km from the national grid, and with a growing population of 2950 people and 1000 

households, there is a clear demand for electricity for which at present there is no access.  The 

main occupation here is farming. There are also many carpenters. There is one school, which 

holds one class, and the nearest hospital is 7 km away. (Sede, 2013).  

75% of the Nicuita population are Muslims, and the remaining 25% are Christian (Afonso 

2013). Every day of the week looks the same for the inhabitants, who wake up at 5:00 am 

after which children go to school and the men and women go to the field together. At 12:00 

pm the children return home to cook their own lunch. At 16:00 pm the men and women return 

from the field. From this it can be derived that there is no significant difference between the 

day of the man and woman, who farm, sweep, fetch water etc. together. The only difference is 

that the men will fetch water when the source is far. Regarding the water situation in Nicuita, 

there are 3 water pumps of which 2 work. There are no open wells in the village vicinity.  

(Sede, 2013). 

According to the head of the village, Sede (2013), and commenting villagers, many issues 

with regard to the absence of access to electricity are present in Nicuita. Education is averted, 

studying at night not possible, grinders for crops cannot be used and carpenters cannot work 

with certain machines. People cannot listen to the radio and look at television or videos. 

Moreover, gaining access to electricity will greatly increase the ability of the village to 

generate income. Villagers can for example sell fresh cold drinks, ice cream etc. Inhabitants 

of other villages with no electricity will come to Nicuita and add to the income there. The 

household ability to gain income will grow as a result of the increased variety of products and 

services which can be sold. For example, the barber’s or carpenter’s work will be improved 

and simplified with the ability to use electrical devices.  

At present, the biomass used in the village is limited to firewood and charcoal. The firewood 

is cut for free. If the villager can make the charcoal, it is free and otherwise purchased for 100 

MT per bag. However, an acceptance towards different energy sources is expressed in the 

village. (Sede, 2013). 

Quirimize 

Quirimize, with a population of 906 people and 215 households, is also referred to by locals 

as the Coconut Village with respect to the great abundance of coconut trees on its grounds 

(see Fig. 9). The village is located directly on the coast. There is no school in the village, and 

the nearest hospital is within 7 km. (Omar, 2013).  

Fishing is by far the largest occupation of the villagers, as opposed to farming in Nicuita, and 

there is a huge potential to generate increased income from this area with the availability of 

ice to keep the fish fresh and transportable. All days of the week look the same for the 

villagers, as they are not employees of a company but work for subsistence. 100% of the 

Quirimize population is Muslim, hence people wake at 4:00 am for morning prayers and 

afterwards men go to fish and some women go to work in the field. At 12:00 pm the 
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fishermen return and the women stay in the field up to 16:00 pm. Men fish and carry out basic 

activity, and women work in the field, carry out household chores and cook. In the afternoon, 

those present in the village make rope out of the coconut tree leaves. (Omar, 2013).  

 

 

Specific issues discussed by the head of the village, Omar (2013), regarding the lack of access 

to electricity are the inability to study at night, a lack of cold water, the inability to iron 

clothes and more. The dominating issue is the inability to generate more income from fishing 

activities due to a lack of ice which would make storing and transporting the fish to 

surrounding villages and cities possible. One fisherman could catch 30-40 kg of fish at a time, 

and being able to transport and sell this would enable a greatly increased income to the 

village. At present, the customer decides the price to pay for the fish, which ends up being 

low because the fishermen are afraid that the fish will rotten. If there was an increased 

availability of ice, they could bring their large yields to main cities such as Pemba and sell at 

much higher prices. (Omar, 2013).  

Regarding the water situation of the village, there are 6 pumps of which 2 work. The people 

who do not acquire water from these 2 pumps get their water from open well. This water is 

hazardous to the villagers’ health and as a result, there is a need for more clean water in the 

village. (Omar, 2013). 

3.7. HYBRID ENERGY SYSTEMS 

The EEM has a basis in fuel flexibility. The module can be run concurrently on a variety of 

energy sources, hence increasing the efficiency and reliability of the electrification system. 

For the purpose of this study, three possible sources will be investigated: biofuel, solar PV 

and wind power. A combination of two or more of the sources incorporated in this study can 

be dimensioned in order to meet the demand of selected populations. This kind of multi-

source configuration is also known as a hybrid system, a combination of two or more different 

sources of energy. These are either a mix of renewable energies such as wind, solar PV or 

biomass, or a mix of renewable energies and fossil fuels, such as diesel. (Azoumah et al., 

2011).  

Fig. 9. House in Quirimize with coconut 

trees in the background.  
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There are several benefits of multi-source electrification systems. In many countries, diesel 

generators and small hydroelectric plants are the main suppliers of electricity to remote 

villages far from the national grid. Supply with diesel only is in many cases costly, making 

hybrid diesel/photovoltaic/wind systems competitive. Hybrid systems are more reliable for 

electricity production  than standalone photovoltaic or wind systems and are therefore often 

the best choice for electrification of remote areas. The main advantage of a solar/wind/diesel 

hybrid system is the improved reliability from the resulting fuel flexibility. Moreover, since 

there is less reliance on one power source the size of the battery storage is reduced. When 

there is deficient sunlight, the wind is often blowing at significant speeds. The diesel 

generator is available when there are deficiencies in both solar and wind power. (Saheb-

Koussa et al., 2009). 

  

According to a study conducted by Azoumah et al. (2012), through dimensioning a solar 

power and diesel generator hybrid electrification system with regard to solar irradiation and 

load profiles, the diesel generator can operate at a level bringing it closer to its optimal 

efficiency. This level, in the study, lies between 70-90% of the generator’s nominal power. 

The dimensioning of a hybrid system of solar PV and a diesel generator thus greatly affects 

the generator’s ability to operate nearer to its optimum. When the diesel generator operates at 

a load below 62% of its rated power, the fuel consumption increase is of significance. Hence, 

this level is to be regarded in the dimensioning not only in order to increase the efficiency of 

the system but also to reduce its operational costs. The considered hybrid system incurs lower 

life cycle costs than both a standalone PV generator and a standalone diesel generator. These 

costs are comprised of the initial product cost, replacement expenses and recurring expenses 

for maintenance and operation. 

 

As expressed by the National Directorate of New and Renewable Energies, Mr. Saide (2013), 

the success of a hybrid system is largely dependent on its dimensioning, which in turn is 

greatly dependent on the demand and available resources in the area of implementation. For 

instance, in the study by Saheb-Koussa et al. (2009) it is noted that the configuration of a 

solar-wind hybrid system to meet the desired load is fundamentally dependent on the quality 

of the sun and wind resources at the specific location. In this study, different sites in Algeria 

are investigated and optimization software is used to present the optimal hybrid system 

configuration for these locations. For sites with high wind potential, more than half of the 

energy production is dimensioned to come from the wind generator in the final system 

dimensioning while the wind generators do not contribute at all at sites with low wind speeds.  

 

3.7.1. HYBRID CONFIGURATIONS 

 

Most household devices require alternating current (AC) power, however when the power 

generated hybrid systems is of direct current (DC) it must thus be converted to AC. For 

example, generation by solar PVs is of DC and an inverter for DC to AC conversion is 

needed. The PV generator can operate in parallel or in alternation with, for instance, a diesel 
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engine. (Azoumah et al., 2011). A brief description of the three possible configurations of 

hybrid solar PV/diesel systems along with their advantages and disadvantages follows. 

 

Series systems 

The work generated by the diesel engine, prior to covering the load, is initially lifted and 

reconverted to AC resulting in noteworthy conversion losses. When the DC power from the 

PV and batteries, converted to AC by the system inverter, is sufficient in meeting the load the 

diesel generator is disengaged. The initiation and operation of the diesel engine in a series 

configuration depends on the attainable solar power, battery charge and load. In most series 

systems, a large portion of the generated work passes through battery storage resulting in an 

increase in battery cycles of charging and discharging, which in turn results in higher losses, 

more rapid battery depreciation and a lower system performance. Moreover, as the inverter 

cannot work in parallel with the diesel generator, its power capacity must be dimensioned to 

meet peak load. Inverter failure will also lead to significant supply disruptions. On the other 

hand, there are some advantages of the series system. The demand is supplied primarily from 

the solar PV and battery storage and this supply is not disrupted in the event of diesel 

generator startup. (Azoumah et al., 2011). 

 

Switched systems  

In the switched configuration, the load is supplied, through inverter regulation, either by the 

solar PV and battery storage or the diesel generator. The complexity of the system calls for an 

automatic as opposed to manual control system. The solar PV generation is generally higher 

than the load, and this excess is stored in the system’s batteries.  The diesel generator is turned 

off in the event of the load being lower than the solar PV and battery capacity. A main 

advantage of this system is the elimination of the need to lift and convert the work generated 

by the diesel engine, resulting in a reduction in system loss and fuel consumption. The main 

disadvantages of the switched as opposed to series system is the disruption of the power 

supply in the event of switching power sources, and also the resulting low efficiency attained 

at lower loads as a result of the need to dimension the diesel generator and inverter to peak 

load. (Azoumah et al., 2011). 

 

Parallel systems  

In a parallel hybrid system, the load is supplied by one or more sources concurrently and 

hence a bidirectional inverter is usually utilized enabling the supply of a load exceeding the 

diesel generator rating. In general, the parallel system capacity is twice that of the series or 

switched configuration. The inverter synchronization allows for a greater flexibility and 

reliability of the system. The diesel generator rated power can be reduced, and the generator 

can reach an efficiency nearer to its optimum. Due to the further increased complexity of the 

parallel configuration, the training of local users in remote areas of implementation as well as 

an automatic control system are necessary requisites for the success of the synchronized 

multi-source generation. (Azoumah et al., 2011). 
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The three considered hybrid configurations above result in differing efficiencies depending on 

the load profile. The series arrangement generally leads to a lower efficiency and the need of a 

large storage capacity leaving the remaining two more competitive. Solar PV with an inverter 

alongside a diesel generator set in parallel is suitable for high load operations, while a lone 

diesel generator set with a charging battery is suitable for medium load and solar PV with an 

inverter for lower loads. (Mandi & Yaragatti, 2012). 

 

Some method of control is often involved in hybrid systems. For instance, a control system is 

frequently utilized in order to prevent over-charging or a too large discharge of the system’s 

batteries and  to adjust the power flow if several diesel generators are used (Azoumah et al., 

2011). In the parallel solar PV-diesel generator hybrid system in a study by Mandi & 

Yaragatti (2012), the system controller regulates the inverter, battery charging and diesel 

generator set. When the battery charge is above minimum level, the controller selects solely 

the inverter for system operation. In the event of a load increase above this value, the diesel 

generator is initiated by the controller and run in parallel with the inverter. Similarly to the 

study carried out by Azoumah et al. (2012), the diesel generator set of this study reaches an 

efficiency nearer to its optimum while running at less than 85% of its power rating. Excess 

power generation during low load periods charges the system’s battery bank. The demand 

profile affects the manner of the parallel operation with respect to the alternatives of load 

sharing or battery charging, with the controller inputs solar PV power, diesel generator set 

power, battery power and the demand profile.  

 

The inbuilt fuel-flexibility of the EEM is to be taken benefit from in order to improve the 

efficiency and reliability of the off-grid electrification systems to be dimensioned in this 

study. There is, in accordance with several sources, such as (Azoumah et al., 2012), 

(Azoumah et al., 2011), (Prasada & Natarajan, 2006) & (Mandi & Yaragatti, 2012), great 

potential in energy hybrid systems as a solution for the electrification of areas remote to the 

national grid and/or without current economical ground to gain grid connection. 

 

3.8. BIO-ENERGY 
 

Learnings from the 2010 African Continental Convention of the Global Sustainable 

Bioenergy project state that the potential of biomass production is clearly present on the 

continent. The convention established that the success of bioenergy is dependent on its ability 

to meet socio-economic needs, including requirements of food security, household energy 

security, health, job creation and gender equality. It was concluded that in most African 

countries, including Mozambique, despite an extensive availability of both biomass and local 

process competence of its conversion to bioenergy, there are deficiencies in economically 

sustainable bioenergy systems and supporting infrastructure. The traditional processes of 

biomass to energy conversion rely on less sustainable, inefficient technologies. (Rybeck Lynd 

et al, 2011). Traditionally used biofuels are firewood, charcoal and agricultural waste (NL 

Agency, 2012). Bioenergy potential from agricultural waste is limited with respect to the 

dispersion and small-scale production of these resources. Using such scattered resources 
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would be costly. However, crops such as coconut, cashew nuts, rice and sugar cane are 

examples of more promising products for biofuel usage. Crops that are mainly grown in the 

entrepreneurial sector gain a larger potential through a more concentrated area of cultivation. 

(Cuvilas et al, 2010).  

3.8.1. POTENTIAL IN MOZAMBIQUE 

The potential of biofuel has been widely recognized and the Mozambican bioenergy market is 

expanding and gaining attention from the government, institutions and investors. Between 

2008 and 2011 the government received 34 biofuel investment proposals, which would 

require a total land area of 3418.6 km
2
. Most of these projects would be developed in the 

Sofala, Zambézia and Manica provinces in central Mozambique. As of April 2012, 8 of these 

34 proposals were approved. 5.5% of the country’s total surface area is arable land. Most of 

the cultivation at present is not permanent but under shifting cultivation. (NL Agency, 2012). 

Mozambique, with a favorable climate, has 36 million ha of arable land, of which only 13.9% 

is in use (Cuvilas et al., 2010). The Mozambican government has plans for large-scale 

agricultural projects, including biofuel plantations (NL Agency, 2012). The extent of 

agriculture in the country is vast and there is an evidently wide range of possible biofuel 

crops, some of which already are under broad cultivation. These include cassava, maize and 

sugarcane for ethanol, sesame for biodiesel, coconut, cotton and peanut (Econergy 

International Corporation, 2008). 

Cassava is widely grown as a staple crop at very low costs as part of Mozambique’s 

characteristically subsistence-based farming. However, its potential as a biofuel is 

questionable due to the crop’s predisposition towards rapid fermentation which would be 

problematic during transportation. Maize, peanut and sesame are also abundant but, according 

to a study, potentially not suitable for ethanol production due to food security implications, 

high costs and a high market price. The study shows that sweet sorghum and sunflower are 

more suitable and less expensive options for biodiesel and ethanol. Moreover, a broad 

competence in coconut cultivation gives the crop some potential as a source for biodiesel, 

despite its higher market price. High sugarcane yields make the crop an additional candidate. 

Jatropha and African palm oil, despite being in early stages of development, are also potential 

candidates. (Econergy International Corporation, 2008). Since the energy module is to include 

electrification in rural areas with high levels of poverty, high crop prices are non-favorable. 

In the Mozambican sawmill industry, only 30% of the log is transformed into saw wood and 

only a very small fraction of the resulting residues is used by surrounding communities. This 

residue in many cases is simply disposed or burned. Here there is a potential for biomass in of 

approximately 859 TJ per 85 000 tons and an annual potential of 175 000 tons, taking into 

account a recoverability of 55% and that resulting waste derived is 64% of the cultivated log. 

(Cuvilas et al, 2010).     

There is clearly a large potential in the use of biofuels for electricity production in 

Mozambique, which is also identified by the government.  
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Table 2. Energy Content of selected coconut components (Raghavan, 

2010) 

Fig. 10. Jatropha fruits in the 

village Bilibiza, Cabo Delgado.  

3.8.2. BIOFUELS OF THE NATIONAL BIOFUELS POLICY AND 

STRATEGY 

Hereafter, the potential fuels stated in the government’s Biofuels Strategy and Policy in 2009 

are presented. The reader can refer to Table 1 for information on the crop yields and biofuel 

yields of the energy crops of the policy.  

Jatropha 

Jatropha curcas linnaeus,is a small tree or shrub which 

produces a toxic grain with a comparatively high oil content of 

30-35% (Schut et al., 2010). The jatropha fruit is seen in Fig. 

10. Jatropha as a biofuel is a relatively new concept, and it is 

expected to gain competitiveness with increased experience 

(Econergy International Corporation, 2008). The Mozambican 

oil company Petromoc, for example, maintains projections of a 

226 million liter per year production of biodiesel using 

jatropha. Canadian firm Energem have also invested in jatropha 

biodiesel projects in the region and plan a total plantation of 

60 000 ha. (Cuvilas et al., 2010). Depending on the expelling 

efficiency of the process and equipment used, 25-34% of the 

jatropha seed can be converted into jatropha crude oil which in 

turn has an energy content of 45 MJ/kg (JATRO, 2013). 

Coconut 

Coconut oil is extracted from the copra, or dried coconut kernel, and can be used to produce 

biodiesel. There is a clear potential of bioenergy resources through coconut oil in 

Mozambique. The largest coconut plantation in the world is situated in Zambezia, 

Mozambique. This plantation has under recent years, however, suffered from the lethal 

yellowing disease and current trees must be replaced. (allAfrica, 2011). Here there is a 

potential of biofuel both from the future copra harvests and the resulting residue of the felled 

trees. Coconut has the highest oil yield of all the mentioned biomasses, at 62%. (Econergy 

International Corporation, 2008) Moreover, the coconut fiber and shell can also be used as a 

fuel.  Table 2 shows the energy values possible to attain from the different components of a 

coconut. Coconut oil has the highest energy content.  

 

 

 

 

Component Energy content (MJ/kg) 

Coconut oil 37.7 

Kernel 29.1 

Shell 18.2 
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Bagasse 

Bagasse is the fiber which remains after the juice is pressed from the sugar cane stalk. This 

fiber is used as a fuel for bioelectricity, usually producing enough electricity to run the 

corresponding sugar mill’s production, plus more. Bagasse constitutes 30% of the total sugar 

cane harvest. (Austin, 2011). In a study conducted by Campbell & Block (2010), electricity 

produced from the biomass gasification of surplus bagasse averaged an efficiency of 40%. 

The heating value of the bagasse is 17 MJ/kg when dry and 7.5 MJ/kg in its usual delivery 

storage conditions of 50% moisture. The high moisture content is unfavorable efficiency-

wise, and is reduced through mild exothermic reactions prior to electricity production. 

(Campbell & Block, 2010). 

Sweet Sorghum 

Sweet sorghum is a tropical grass, rich in sugar, which grows rapidly, can reach a height of 4 

meters and can reap a double annual harvest in warmer countries, such as Mozambique. The 

grass requires half the water and fertilizer necessary to cultivate maize, and its conversion to 

biofuel (bioethanol) is less energy intensive than maize. However, the crop is not yet 

supported by a larger-scale infrastructure which would promote it to a commercial level. 

(Haugen, 2012). The energy content of sweet sorghum silage (fermented fodder with a high 

moisture content) is estimated to be 9-10 MJ/kg (Kaiser & Piltz, 2002).  

3.8.3. ENERGY CONVERSION TECHNOLOGY 

There are several possible techniques for the energy conversion of biofuels, which can be 

solid, liquid or gas. Brief explanations of these alongside possible energy conversion 

technologies applicable to each are as follows.    

Gasified biomass and biogas 

Gasified biomass can be produced through gasification, a thermo-chemical process of high 

temperature reactions (FUNAE, 2013b). Biogas can be attained through anaerobic digestion, a 

biological process of low temperature reactions (NNFCC, 2011). This process can be carried 

out with floating drum, fixed dome or inflatable polythene tube digesters (Kristel et al, 2012). 

Gasification transforms solid or liquid fuels into synthesis gas. Anaerobic digestion, through 

reactions in the absence of oxygen, provides biogas. These gases can be used in devices 

propelled by combustion engines in order to generate electricity. (FUNAE, 2013b).    

Liquid biofuel – biodiesel                                                                                                               

 

A good example of liquid biofuels is biodiesel which is attainable for instance through 

jatropha oil. The fuel can be used both in compression-ignition engines as well as in other 

equipment intended for diesel, including turbines for power generation. A possibility of 
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interest to Mozambique is the utilization of vegetable oils in diesel cycle equipment. 

(Econergy International Corporation, 2008).   

 

Solid biofuel - biomass briquetting 

 

Biomass briquetting involves compressing biomass into a dense solid which in turn attains a 

high fuel quality and high thermal capacity. This allows for higher combustion efficiencies 

and, in comparison to coal combustion, a reduction in GHG emissions. (FUNAE, 2013b)  

Biofuel engines 

Two motor types applicable for a possible EEM implementation are spark-ignition engines 

and compression ignition engines. The spark-ignition engine can be used for biogas and 

bioethanol (Najjar, 2009). Diesel engines are based on compression-ignition and can be run 

on biodiesel. (Kristel et al, 2012).  

There is as mentioned an extensive focus on and potential in various forms of biofuel in 

Mozambique. Biodiesel has, for example, been under recent development to be utilized in 

compression ignition engines. Dual-fuelling, i.e. the use of a combination of original and 

alternative fuels in spark-ignition engines, has also been gaining attention. (Najjar, 2009).  

3.9. SOLAR ENERGY 
 

Converting 4 million tons of hydrogen into helium per second, the sun can be viewed as a 

gigantic nuclear fusion reactor (Boyle, 2004). The amount of energy form the sun reaching 

our planet equals more than 10 000 times all the energy from oil, natural gas and charcoal 

used in the world. Humanity would consequently be able to cover all its need of energy by 

taking advantage of the energy hitting merely a fractional part of the earth’s surface. Today 

however, it is neither technically nor economically possible to utilize more than a diminutive 

part of that amount of energy. Solar technology is nevertheless under promising development, 

with great future potential of being a significant contributor to the primary energy supply (The 

Royal Swedish Academy of Engineering Sciences & The Royal Swedish Academy of 

Sciences, 2011), particularly in many parts of Africa (Cuvilas et al., 2010). As seen in Fig. 11 

the annual average solar irradiance spans from 1600-2200 kWh/m
2
 in the south east parts of 

the continent, with Mozambique as one of the high potential countries.  
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3.9.1. POTENTIAL IN MOZAMBIQUE 

 

As mentioned, Mozambique has great potential meeting large parts of the electricity demand 

by using solar technology. The average insolation in the country is 5.7 kWh/m
2
/day, with the 

minimum average of 5.2 kWh/m
2
/day (Lichinga, Niassa province) and the maximum of 6.0 

kWh/m
2
/day (Pemba, Cabo Delgado province). The solar radiation increases along the 

coastline from the south to the north part of the country. (Cuvilas et al., 2010)  

 

Although the potential is immense, it poorly studied and exploited.  However, photovoltaic 

solar cells have been installed in 300 schools and health centers in rural areas since 2006. 

(Cuvilas et al., 2010)  

 

3.9.2 SOLAR ENERGY TECHNOLOGIES 

 

A variety of technologies can be used for converting the energy from the sun, differing in both 

physical principles and delivered energy services. Depending on the desired output, such as 

electricity, high or low quality heat, or synthesized fuels such as hydrogen and hydrocarbons, 

as well as the surrounding conditions, different energy conversion  technologies are 

applicable. (The Royal Swedish Academy of Sciences, 2008). The main technologies are: 

 

Photovoltaics 

 

Generally relatively small, combined in panels of about the size of a window, PV 

(photovoltaic) cells use the photo-physical properties of materials to generate electricity from 

Fig. 11. World map of solar irradiance. (Murdoch University, 2013a) 
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sunlight. Depending on technology and size, PV modules normally generate around 60-200 W 

in full sunlight. (The Royal Swedish Academy of Sciences, 2008).  Modules consisting of 

several cells can be combined into systems, arrays of up to several thousand units, as seen in 

Fig 12.  

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Concentrating Solar Power (CSP) 

 

A thermal cycle can be driven as well as heat produced by using mirrors to concentrate the 

sunlight onto a small volume of a heat transfer medium, for instance an expanding gas. 

Today, the concentrating solar power (CSP) technique is only beneficial in larger sizes and is 

therefore mostly used in power plants. (The Royal Swedish Academy of Sciences, 2008). 

 

Solar heating and photovoltaic/thermal hybrids 

 

Both electricity and heat can be produced by the photovoltaic/thermal (PV/T) hybrids, 

consisting of PV cells cooled by a liquid or other medium. The development of this 

technology is in its starting phase with little commercial application. (The Royal Swedish 

Academy of Sciences, 2008). 

 

Solar Fuel Synthesis 

 

Artificial photosynthesis aims at converting solar energy into chemical energy, for example 

by splitting water into hydrogen and oxygen using CSP devises. The research is however still 

in very early stages. (The Royal Swedish Academy of Sciences, 2008). 

 

Out of the technologies mentioned above, PV panels are, in accordance with earlier versions 

of the module concept being designed at KTH, considered the most suitable option for using 

the immense potential of solar energy in Mozambique. This technology is suitable for both 

Fig. 12. Solar cell, module 

and array. (NASA, 2002). 
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small-scale as well as off-grid applications (The Royal Swedish Academy of Sciences, 2008) 

and for meeting the desire of electricity as an output.  The PV technology will therefore be 

explained further in the next sub-section.  

 

3.9.3. PRINCIPLES OF THE PV CELL 

 

Basically, a PV cell consists of two thin layers of disparate semiconducting materials, the p 

(positive) and the n (negative) (Boyle, 2004). Today, representing 85 -90 % of the global PV 

market (IEA, 2010), silicon based photovoltaics (Si-PV) is the leading technology (The Royal 

Swedish Academy of Sciences, 2008). The negative semiconductors are made out of 

crystalline silicon with a surplus of free electrons, usually due to a phosphorus impurity. 

Having a deficit of free electrons, the positive semiconductor on the contrary normally 

contains small quantities of boron. (Boyle, 2004). 

 

Sunlight with specific wavelengths causes the atoms in the silicon to either gain or lose 

electrons, so-called ionizing. The internal field created by the junction parts the positive 

charges (“holes”) from the negative charges (electrons). The only way for the holes to move 

from the p-junction to the n-junction or vice versa is by passing through the load, conducting 

an electric current (See Fig. 13). (Murdoch University, 2013b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One of the key performance indicators of PV cells is the conversion efficiency, defined as the 

ratio between the electrical power produced and the amount of solar energy insolated per 

second. The efficiency of crystalline silicon PV cells on the commercial market today is 

normally between 14 -20 %.  (IEA, 2010). 

 

 

Fig 13. The PV process. (Murdoch University, 2013b) 
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3.10. WIND ENERGY 

Wind-based electricity generation is one of the fastest growing renewable energy 

technologies, with an annual global installed capacity increase of 30% between 1996 and 

2008. However, wind generated electricity represents only 1% of the installed capacity in 

Africa, despite high potential in many countries. (Mukasa et al., 2012).  

As a result of atmospheric heating and the Earth’s rotation, countries close to the equator 

generally have lower wind power potential than countries in more extreme latitudes. This has 

been seen as a large barrier to the development of wind power in greater parts of the African 

continent. Even though little wind data has been published, Mozambique, with a coastline of 2 

800 km is one of the countries which makes an exception. Breezes created by the high 

atmospheric pressure building up over land and sea, makes the coastal areas ideal for wind 

power generation. (The Clean Energy Company, 2011) 

3.10.1. POTENTIAL IN MOZAMBIQUE 

In remote coastal areas of Mozambique, wind pumps have for long been used to supply water, 

which together with recent research and some early investments indicates a substantial 

potential for wind power in the country. At some places along the Niassa coast, tests have 

shown an average wind speed of more than 6 m/s. However, further resource mapping is 

needed. (Hankins, 2009).   

3.10.2. PRINCIPLES OF WIND TURBINES 

Via an aerodynamic rotor connected to an electric generator, wind turbines can extract the 

kinetic energy from the wind and convert it into electricity. Presently, the standard turbine 

consists of a horizontal axis with three blades rotating (IEA, 2008) however many different 

designs, with horizontal as well as vertical axis exist are being developed (Boyle, 2004).  

For a horizontal axis wind turbine, the power output depends on the swept area, the cube of 

the wind speed and the air density varying with altitude (Boyle, 2004).  An average annual 

wind speed of 4-5 m/s is required to make small-scale wind power an attractive option 

(Practical Action, 2002).  

It has been shown that it is only theoretically possible to extract a maximum of 59.3 % of the 

power from the wind, called Betz limit. The actual power that can be extracted is however 

considerably less than the Betz limit suggests, depending on a number of factors such as the 

type of machine and rotor, blade design, friction losses and other losses in the equipment. The 

efficiency is in reality around 30-40 %. (Practical Action, 2002) 
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4. MODEL 

The model of this study, as highlighted in Fig. 14. is based upon the presented literature 

studies which serve as a foundation for an improved perception of the energy and water 

situation and policies in Mozambique, as well as for the energy sources of interest for the 

EEM.  

The demand investigation section of the model, i.e. the load profiles of the targeted villages, is 

presented followed by the supply section of the model. Here, the supply and outlook based on 

the availability of different resources in the villages are investigated, and targeted sources are 

selected for the purpose of this study. Thereafter, a configuration of the EEM hybrid system is 

discussed and selected according to its suitability as a basis for the dimensioning of the 

module. This suitability is based on the results of the supply and demand investigations as 

well as on literature studies on other hybrid systems. Thereafter, a stepwise model for the 

dimensioning of the EEM according to the load and available resources investigated through 

the field study is set up. This model is then utilized in calculating dimensions for the EEM 

hybrid system in the targeted villages.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Overview of the model 
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The model is built on several assumptions and simplifications. The dimensioning of the EEM 

is followed by a sensitivity analysis, with the aim of testing the reliability of the model. 

Parameters identified as variable are changed in order to analyze the sensitivity of the result 

obtained in the dimensioning of the module. 

4.1. DEMAND 

The electricity demand of Quirimize and Nicuita was investigated through a survey including 

selected household devices (see Appendix 1) and interviews with the respective heads of the 

villages. Due to a limited time to conduct the surveys in the villages, 20 households filled in 

the survey in Quirimize and 24 households in Nicuita. The representatives of the households 

varied in age and gender. Based on the surveys and interviews as well as on the power ratings 

of selected household devices available on the market, a dynamic demand model is created, 

yielding hourly momentary energy use values (W). This is done using STELLA, a modeling 

and simulation software used to visualize complex systems over time (Isee Systems, 2013).  

The village load profiles are produced for a population of 50 households, based on averages 

calculated through the surveys. In Appendix 2, an overview of the model can be seen in Fig. 

32., the corresponding program codes in Fig. 33 and 34 and the result of the of the demand  

simulations in Fig. 35 and 36. Through the STELLA simulation, data of the total energy 

demand per hour is attained, utilized in this study to dimension a suitable configuration of the 

EEM to meet the load of each village. Fig. 15. below illustrates the described demand 

investigation model of this study.  

 

    

 

 

 

 

 

 

4.1.1. BOUNDARIES & ASSUMPTIONS 

Table 3. shows the main household devices of the survey as well as available corresponding 

data applicable to this study. The appliances are selected based on their availability to the 

villages both in terms of proximity and of affordability. The least expensive devices in shops 

in Pemba, the capital city of Cabo Delgado, are selected for the purpose of this study. One 

exception is the radio. As no radio was found in Pemba the device was investigated in 

Maputo. Moreover, as the villagers express an indisposition towards paying more than 1 MT 

Surveys & 

Interviews  

Power Rating of 

Devices Available 

on the Market 

Load Profile in 

STELLA 
Demand 

Fig. 15. Overview of Demand Model 
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per 20 liters of clean water, the water supply component of the EEM is not considered in this 

study. This is discussed further in section 6.1. 

 

Device Brand Model Price (MT) Power (W) Store 

Lightbulb BSDE 

Pepsihave 

- - 40 Huang Commercial (Pemba) 

Fan Xiaoia Duckling FS-40-102 1580 60 Huang Commercial (Pemba) 

Radio G.Hanz RCD-3307/A 1500 12 Grupo MBS (Maputo) 

TV Sony - 3500 180 - (Pemba) 

Refrigerator Super General SGR175KWW 15 000 108 Start Stationery Lda Sucursal 

(Pemba) 

  

 

The power demand profile of the villages is calculated with the survey results and the device 

power data. As recommended by Kaplanis (2005) the power rating of the electrical devices 

fan, radio, TV and refrigerator is reduced by 25 % in the energy demand calculations. This is 

because the power rating represents the highest value possible for the device to consume, i.e. 

the worst case scenario. Most devices, including the mentioned units, do not usually operate at 

full capacity (Kapambwe, 2011).  

 

Some devices, including TV sets, may have a starting surge. This means that the required 

current is higher when starting the device than when it is operating at rated power. However, 

the surge effect only lasts for a few milliseconds and consequently does not contribute to any 

considerable difference in the total amount of energy consumed by the device. (Kapambwe, 

2011), and will therefore not be considered in this study.  

The results of the survey are utilized as a basis for the calculation of an average household 

demand, i.e. the demand of a population of 50 is assumed to be a multiple of 50 of this 

average. Moreover, the results of the survey are assumed to be uniform during the week, 

considering that daily activities are expressed to be the same each day of the week by both 

villages. Hence, the demand profile of this study is a daily model of 1 hour intervals based 

upon the survey result averages per household device, and assumed uniform for all days of the 

year.  

 

4.1.2. VILLAGE DEMAND PROFILES 

As follows are the demand profiles of 50 households in the respective villages of this study 

presented as a base for the resulting dimensioning of the EEM hybrid system. 

Nicuita 

The daily load profile of Nicuita is portrayed in Fig 16. The average total electricity demand 

per day in Nicuita is 209 kWh for which peak power at 21.5 kW is reached at hour 19. The 

morning peak falls between hour 0 and 5 in the range 8.61-9.03 kW, while the evening peak 

Table 3. Household device data 
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interval is between hour 17 and 24 in the range 12.36-21.46 kW. The ratio between peak and 

non-peak load is 14%, portraying a large variation in the daily demand profile which in turn 

must be considered in the dimensioning of the EEM in this study.  

 

Quirimize 

Fig. 17 shows the daily load profile of Quirimize in hourly intervals. The average total daily 

demand in Quirimize is 225 kWh for which peak power is reached at hour 20 at 22.6 kW. The 

morning peak lies between hour 0 and 3 at 9.77 kW, while the evening peak lies between hour 

17 and 24 in the range 14.11-22.57 kW. The ratio between peak and non-peak load is 18%, as 

in Nicuita showing a large variation in the daily demand to be considered in the EEM 

dimensioning 

 

4.2. SUPPLY 

The investigated resources to fuel energy generation will be confined to solar PV and fuel for 

a diesel generator. The availability of these resources in the village is established, as well as 

options for the hybrid system they will constitute. The energy conversion devices will not be 

investigated deeply. An estimation of the necessary size and efficiency of the energy 

0

5 000

10 000

15 000

20 000

25 000

M
o
m

en
ta

ry
 e

n
er

g
y
 u

se
 

(W
) 

Hour 

Fig.16. Daily load profile - momentary energy use (W) per hour for 50 households in Nicuita. 

Fig 17 . Daily load profile - momentary energy use (W) per hour for 50 households in Quirimize. 
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conversion devices must be included in calculations. This will be done for the solar panels 

and diesel generator. 

The financial aspects of the investigated components and fuels will not be considered. 

However, if prices are clearly unreasonable, the fuel or component in question will be 

disregarded as part of the dimensioning of the EEM. 

4.2.1. OUTLOOK AND AVAILABLE RESOURCES 

Considering the lack of data on the wind potential in the targeted villages, deficiencies in 

wind power experience in the country, the unreliability and periodicity of wind power 

(Tsamba, 2013), only the availability and applicability of bio-diesel and solar PV in the 

villages Nicuita and Quirimize will be investigated further. 

 

Nicuita 

 

The farmers of Nicuita have good experiences with jatropha. They make soap, and know that 

a car can be fuelled with jatropha oil based biodiesel. All farmers plant jatropha as hedges 

around the village plantations, see Fig. 18. (Sede, 2013). As expressed by Mr. Afonso, the 

head of ADM which processes jatropha based biodiesel in Bilibiza, Cabo Delgado, a small 

processing factory for biodiesel from jatropha oil would be a good investment for the village 

in combination with the EEM. There is a multitude of plumbers, electricians and mechanics in 

the village and the processing techniques are simple and easy to implement (Afonso, 2013). 

According to the head of the village, Ancuabe Sede (2013), processing jatropha for biodiesel 

in Nicuita is an interesting possibility for electricity generation through implementation of the 

EEM. The mechanics of the village would be paid according to the complexity of the 

processing and maintenance at hand. (Sede, 2013).  

A generator is expressed as a preference in Nicuita as opposed to solar panels, due to the 

requirement of taking in outside labor to the village for panel maintenance. There are 

Fig 18. Jatropha hedge in Nicuita, Cabo 

Delgado.  
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mechanics available to maintain the generator in the village. (Sede, 2013). However, FUNAE 

will be developing solar panels and commencing solar panel production in Mozambique 

which will empower the competitiveness of solar power in the country.  (Tsamba, 2013). 

These solar panels will be subsidized and affordable for implementation in rural villages. 

(Rodrigues, 2013). This development and increased production of solar panels is also an 

indicator of the presence of competence needed to work with solar power in the country, 

which in turn would enable the implementation process. 

A hybrid system with a combustion engine alongside solar power is beneficial with regard to 

the fuel flexibility and increased assurance of a constant electricity production to meet the 

village load. Saide (2013) emphasizes the importance of synchronization in an off-grid hybrid 

system, for instance with due compensation from one source when the other does not suffice 

to meet the demand. 200 households in the village farm jatropha yielding 600 kg seeds per 

harvest, with two harvests per year. This is the average by means of current conditions and 

this harvest will increase in the future. The quantity of jatropha plants are to be doubled by the 

end of 2014 in the Cabo Delgado province. (Afonso, 2013).  

The ADM jatropha to biodiesel processing factory in Bilibiza, Quissanga in Cabo Delgado 

can produce 200 liters of biodiesel a day, see Fig. 19. A sufficiency in jatropha to supply the 

biodiesel requirement of the EEM for the selected population of 50 is assumed. This 

assumption is based on the current established Bilibiza production and the yield of jatropha 

seeds per harvest in Nicuita of 120 tons, alongside future plans of expanding jatropha 

plantations in Cabo Delgado. The biodiesel considered in this study requires no modification 

in the diesel engine it will fuel (Afonso,2013).  

 

There is a demand for the energy services of the EEM and from the above it can be derived 

that there is a presence of energy sources to fuel the module in Nicuita. Jatropha and solar 

power are two sources of great potential and are the targeted sources for Nicuita of this study. 

Fig. 19. Jatropha processing in Bilibiza, 

Cabo Delgado.  
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In accordance with Afonso (2013), a jatropha to biodiesel processing factory in the village is a 

valid possibility to supply the necessary biofuel. It is clear that there is a great deal of 

competence in the village which can be used to maintain the EEM upon implementation. 

FUNAE, for example, routinely educates villagers on simple maintenance of solar panels as to 

promote the independence of the village (Rodrigues, 2013). This point is positive, with regard 

to the village’s desire to not take in outside labor. For the purpose of this study of a possible 

implementation of the EEM in Nicuita, a hybrid configuration of a solar power system 

alongside a diesel generator fueled with jatropha based biodiesel will be investigated.  

Quirimize 

At present, the villagers of Quirimize have some experience with household solar powered 

batteries. As a result, the utilization of batteries to transport electricity from the EEM to 

households would be beneficial, as opposed to a mini-grid, according to the village chief. 

(Omar, 2013). However, according to Tsamba (2013) a grid is preferable from a long term 

perspective. Household batteries pose an increased risk of theft, must be replaced regularly 

due to reducing efficiency and the implementation of a mini-grid will enable a simpler future 

connection to the national grid.  

As mentioned, the insolation values of the country increase from south to north (Cuvilas et al., 

2010) and with Quirimize’s location the village receives high averages of insolation. There is 

consequently a potential for implementation of solar power. A main issue regarding the 

installation of solar panels near the sea is the risk of corrosion. However, if the panels are 

placed at a minimum distance of 500 m from the sea water this risk can be neglected. 

(Rodrigues, 2013).  

With an annual yield of 3 tons of coconuts, it was discussed by Mr. Omar and Mr. Afonso that 

there indeed is a potential for the utilization of coconuts for biofuel without threatening the 

food security of Quirimize (Afonso & Omar, 2013). Coconuts have a high potential for 

biofuel production in the country (Cuvilasa et al., 2010). As noted in the literature study, the 

oil, coconut shell and coconut husk can be used for biofuel in a combustion engine (Econergy 

International Corporation, 2008). The international prices of coconut oil are rising, hence 

making the opportunity cost of utilizing coconuts as biofuel as opposed to feedstock too high 

in most cases (Econergy International Corporation, 2008). However, the coconuts in 

Quirimize are not sold, only picked upon demand. The villagers are not acquainted with the 

possibility of using coconuts as a source of biofuel. (Omar, 2013).  

However, according to calculations presented in Appendix 3, section 1, the harvest of 

coconuts in Quirimize is insufficient in meeting the demand of the village if biodiesel from 

coconut oil is utilized. The current annual coconut yield of 3 tons will give approximately 300 

kg coconut oil. With this yield, of which a portion must nonetheless be reserved for food, only 

13.6% of peak load can be satisfied if a diesel generator were to be used solely during peak 

load each day. The sufficiency of this yield to meet the electricity demand is therefore with 

assurance not present in current day Quirimize.  
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A possible solution for the deficiency of coconut oil availability in Quirimize is a mixture of 

coconut oil and diesel as fuel in a combustion engine. The sustainability of this solution is 

superior as opposed to the usage of only coconut oil as biofuel. Despite the decreased usage of 

renewable energy, there are for example social and economic aspects to be considered. If the 

electrification system fails to provide a constant load supply, effects on the village such as on 

the ice used for fish storage in the households’ refrigerators is not a sustainable community 

outcome of the hybrid system. According to a study by How et al. (2012), the utilization of 

coconut oil-diesel mixtures results in a reduction of all regulated emissions and this utilization 

of vegetable oil-diesel fuels enable an improved durability of engines as opposed to those 

fuelled by pure vegetable oil. Running a diesel engine was reportedly possible with a mixture 

of 20% vegetable oil and 80% diesel with no engine alterations necessary. In this study, 

among others a blend called C10 was tested i.e. a mixture of 10% coconut oil and 90% diesel. 

The blend was refined, bleached and deodorized (RBD) and used as diesel engine fuel.  

The coconut oil for a mixture of 10% , coconut oil and 90% diesel is however not able to be 

supplied by the coconut trees of Quirimize if it is to meet the bio-energy demand of the 

selected population (see Appendix 3, section 2). If the entire annual coconut yield were to be 

utilized to produce C10, the fuel would incur the capacity of a diesel generator to meet less 

than 50% of the 3 hour highest load interval. Implementation of C10 with the village’s current 

coconut yield is not preferable with regard to the excessive solar power system necessary to 

make the hybrid system reliable in meeting the demand, the investment in a processing unit as 

well as with regard to the certain violation of the village’s food security seeing that the entire 

annual yield was considered in this calculation.  

Studies show that even a mixture of 1% coconut oil and 99% diesel will reduce the emissions 

of combusted biofuel as opposed to the utilization of pure diesel. Nitrogen oxide, particulate 

matter and smoke emissions are reduced with the addition of coconut oil to diesel fuel. (Diaz, 

2008). However, for the purpose of this study this mixture is not considered due to the 

disproportionate investment to output ratio. An investment would be required for example in 

production equipment, education on coconut biofuel etc whilst the village’s combustion fuel 

would be 99% diesel nonetheless.  

Through consultation on these issues with the National Directorate of New and Renewable 

Energies, Mr. Saide (2013), it was established that the level of coconuts in Cabo Delgado is 

not considered adequate for biodiesel production for the villages or for a company in general. 

It would not be a profitable investment in the province. It was highlighted that the only 

provinces in current day Mozambique with sufficient yields of coconuts as a raw material for 

biodiesel production from the coconut oil are Zambezia and Inhambane. If the yield is too 

low, private companies will not invest. Ecomoz is the only company in Mozambique which 

works with biodiesel production from coconut oil. According to the directorate, small-scale 

biofuel production is not compatible with coconuts with regard to productivity as well as 

economics. However it is emphasized by Mr. Saide that jatropha is a more suitable option for 

Quirimize, due to the usefulness of the toxic plant in hedges around plantations warning off 
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grazing animals. Yet, as Quirimize is a majorly a village of fisherman with limited plantations 

the local production of biofuel from jatropha hedges is disregarded in this study. 

Upon consultation with Mr. Afonso (2013), head of ADM, the solution of biodiesel as a fuel 

for the combustion engine component of the EEM in Quirimize is investigated. The 

consultation reveals that jatropha based biodiesel is available at a lower cost than diesel, at the 

respective prices 40 MT and 50 MT per liter. With the current daily production of 200 liters 

biodiesel in Bilibiza alongside plans on expanding this production through an increase in 

farmed jatropha (Afonso, 2013) as well as a potential biodiesel production proposed by this 

study in Nicuita, jatropha based biodiesel appears to be a suitable option for the biofuel of the 

EEM.  

The current production in Bilibiza alongside the potential production of jatropha based 

biodiesel in Nicuita is hence assumed in this study to suffice in supplying the village demand. 

Diesel, as seen above, is also a possible fuel for the generator, but seeing that the fuel price is 

higher than that of jatropha based biodiesel its potential lies in acting as a backup fuel in the 

case of insufficiencies of biodiesel. This may be a result of it not arriving on time to the 

village, or of the load being above expectations. Seeing that the biodiesel can be utilized in a 

diesel engine, the backup diesel can be implemented without alterations to the motor.  

There is a clear potential for the EEM in Quirimize with regard to the village’s high electricity 

demand and from the above it can be derived that jatropha based biodiesel as a source of fuel 

for a diesel generator in the EEM in combination with solar power is suitable for a study of a 

possible implementation of the module.  

4.2.2. HYBRID SYSTEM CONFIGURATION 

Based on the established targeted resources, a hybrid biodiesel-solar PV system and 

recommended dimensioning is the targeted configuration investigated for possible 

implementation in the respective villages.   

The distribution of the hybrid system is opted by this study to be carried out not through 

charging of household batteries in the EEM but through a mini-grid directly to the 

households. Energy conversion losses are higher with the utilization of batteries as opposed to 

a grid. 30% of the energy is lost in batteries, while approximately 10% is lost in a grid (Brent 

& Rogers, 2012). The decrease in system loss adds to this assessment foundation, leaning 

towards a mini-grid as compared to batteries for electricity distribution. Considering the risks 

of battery theft, the depreciation in of battery efficiency and the easier future connection to the 

national grid upon its expansion a centralized mini-grid is preferable from a long term 

perspective (Tsamba, 2013). 

 

Fig. 20  illustrates the nature of the hybrid system’s meeting of the load, with emphasis on the 

functioning of the battery bank. The PV array’s generated electricity during daylight hours 

goes either directly to the load or to the system’s battery bank. The generation of the solar PV 

as well as the energy from the battery bank is in direct current (DC). This must be converted 

to alternating current (AC) through the system inverter prior to supplying the load. The diesel 
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generator energy can go directly to the load without passing through the inverter. The battery 

bank and diesel generator are used to meet the peak loads during the night time hours. 

  

This dimensioning is highly dependent on the demand profile of the village, especially the 

peak load which will be facilitated more reliably with the hybrid set up. Lightly loaded diesel 

engines are much less efficient than heavily loaded ones, illustrated in fig. 21.  

It can be seen that the specific fuel consumption tends to be much higher with smaller loads, 

Fig. 21. Specific fuel consumption (SFC) as a function of the fraction 

of the full power for 7 different diesel generator sets from the 

manufacturer Caterpillar. (The University of Texas at Austin, 2013) 

Day time 

(05-17) 

Night time 

(17-05) 

PV 

array 

AC load 

DC to AC 

inverter 
Battery bank 

Charge controller 

Generator 
Night time 

(17-05) 

Fig 20. Energy generation, energy conversion and load supply dynamics of parallel hybrid system  
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especially with loads about half or less of the full load. The nature of these curves is due to 

fundamental physics and will therefore not differ principally between manufacturers. (The 

University of Texas at Austin, 2013). Consequently, it is important to dimension the diesel 

generator set according to the given load profile, since an over-dimensioning will be 

unbeneficial from a fuel economy perspective (Kapambwe, 2011).  

 

As noted in chapter 3.7, a parallel hybrid system is the most suitable configuration for high 

loads and increased system efficiency. For the purpose of this study, a solar PV-diesel 

generator parallel system has been the focus of investigations of possible EEM configurations 

in Nicuita and Quirimize.  

 

As stated by Azoumah et al. (2012), in a parallel hybrid configuration the diesel generator 

rated power should be dimensioned to fit peak load for a more reliable and efficient system. 

This is a basis in the model of this study. The diesel generator is dimensioned before the solar 

PV, accordingly with peak load. Thereafter, the necessary solar power to supply the load 

during daylight hours (5-17) and battery storage to facilitate the load of nighttime hours 

during which the diesel generator is not running is calculated. This solar power is distributed 

uniformly during the 12 hours of sunlight per day assumed in this study (17-5). The diesel 

generator is on when the resulting generation would be more than 62% of rated power, a 

lower limit recommended by Azoumah et al. (2012).  

 

4.2.3 BOUNDARIES & ASSUMPTIONS 

 

As mentioned, the focus of this study is not to look deeper into the market of available 

components, and therefore specific components and brands will not be recommended. 

However, in order to dimension the EEM some assumptions regarding the component 

characteristics have to be made: 

 

Dimension of the diesel generator 

According to Azoumah et al. (2012), for an increased reliability of a diesel-solar PV hybrid 

system the diesel generator should be dimensioned with a power rating equal to peak load. 

For the purpose of this study, a diesel generator power rating equal to or near peak load is 

selected.   

 

Diesel generation proportion interval of rated power 

The diesel generator is to be within a generation interval of 62-80% of the diesel engine’s 

rated power based on motivations in chapter 3.7. 

 

Efficiency of the diesel generator 

The efficiency of the diesel engine used in the calculations is 40 %. This is a common 

efficiency of a diesel cycle and it does not significantly drop until reaching very low loads 

(Kapambwe, 2011). 
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Energy content of the biodiesel 

The jatropha based biodiesel is assumed to have the same content proportions as produced by 

ADM in Bilibiza, Cabo Delgado (70% jatropha oil & 30% kerosene). The biodiesel energy 

content is calculated using an average jatropha seed oil content per dry mass basis of 34.4% 

(Achten et al, 2008) and the data in Table 4. below.  

 

 Fuel portion Density (kg/liter) Energy content (MJ/kg) 

Jatropha oil 70% 0.9* 38*** 

Kerosene 30% 0.79** 44**** 

From the above, the energy content of the biodiesel utilized for the purpose of this study is: 

 

(0.7*0.9*38) + (0.3*0.79*44) = 34.37 MJ/liter 

 

Area and power output of the PV module 

 Calculations are made based on the module presented in Table 5 below. The Spanish 

manufacturer Isofoton is often used by FUNAE in solar power installations due to the high 

quality of the panels (Rodrigues, 2013). The model ISF-255, with the highest power rating of 

all modules designed for solar PV systems produced by Isofoton, is chosen to meet the high 

demand of the villages. 

According to the data sheet of the module ISF-255 (Isofoton, 2013); the output power is 185 

W at the following conditions (PTC Test Conditions):  

 800 W/m
2
 irradiation, 

 20° C ambient temperature 

 1 m/s wind speed. 

 

No data for radiation and solar hours per day is available for the villages of the study. 

Statistics over the years 2010-2011, provided by the National Institute of Meteorology (2013), 

show an average of 8.4 sunshine hours per day during the year with an average solar 

irradiation of 730 W/m
2
. Since the sun rises and sets around 5 AM and 5 PM respectively all 

 

Manufacturer 

 

Model 

 

Solar cell type 

 

Rated power 

 

 

Area 

 

Isofoton 

 

ISF-255 

 

Monocrystalline 

Silicon 

 

 

255 W 

 

 

1.67 m
2 

Table 4. Jatropha oil & kerosene data. *(Akbar et al., 2009), **from interval 0.78-0.81 

g/cm
3
 (Ajayi et al., 2011), ***from interval 37.65-38.36 MJ/kg (Chalatlon, 2011), **** 

from interval 43.1-46.2 MJ/kg (Ajayi et al., 2011) 

Table 5. Characteristics of the PV panel selected for the calculations of this study.  
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Fig. 22. Graph showing, for Pemba in Cabo Delgado, sunrise, sunset, dawn and 

dusk times for each month (Gaisma, 2013). 

Hour 

Month 

year round according to the villagers (also displayed in Fig. 22) and due to a lack of data 

required to make closer approximations, conditions resulting in a power output of 185 W are 

assumed to apply between the hours 5-17 in the  villages.  

PV system efficiency 

Neither the power output labeled for PTC mentioned above or for STC – Standard Test 

Conditions takes real world losses into account (NERL, 2012). The efficiency of the PV 

system, as explained in Table 6. on the following page, is for the calculations of this study 

valued at 77%. 

Efficiency of the controller  

In the study of a possible dimensioning of a hybrid system in Zambia by Kapambwe (2011), a 

controller efficiency of 90 % is assumed, which is also adopted in this study. 

Efficiency and depth of discharge of the battery 

The efficiency of a lead-acid battery, practically always used in PV systems, is typically 

between 85-95 % (Northern Arizona Wind & Sun, 2013). 85 % is adopted in this study.  

Many batteries have an allowable depth of discharge, i.e. the maximum fraction that can be 

withdrawn from the battery capacity (Kapambwe, 2011), at 20 % (Northern Arizona Wind & 

Sun, 2013). A principle depth of discharge of 50% is however adopted in this study, as it is 

usually represents the best lifespan and total cost scenario (Northern Arizona Wind & Sun, 

2013). A deeper discharge results in a shorter life expectancy, however a larger capacity is 

often much more expensive.  
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Component 

derate 

factors 

 

Explanation 

 

Range of 

acceptable 

values 

 

Value 

chosen for 

the 

calculations 

 

 

 

DC rating 

Testing the module in the field at the 

standard testing conditions (STC) may 

not result in the same power output as 

mentioned on the nameplate. A factor of 

0.95 equals an approximation of 5 % 

less actual yielded power at STC. 

 

 

 

0.8-1.05 

 

 

 

0.95 

 

Inverter and 

transformer 

Combined efficiency of the inverter and 

the transformer converting the DC 

power to AC power. 

 

0.88-0.98 

 

0.92 

 

Mismatch 

Connected modules do not operate at 

their peak efficiencies due to impedance 

mismatch. 

 

0.97-0.995 

 

0.98 

 

Diodes and 

connections 

Voltage drop across the diodes used to 

prevent a reverse flow of current and 

resistive losses in the electrical 

connections. 

 

0.99 - 0.997 

 

0.995 

 

DC wiring 

Resistive losses in the wiring between 

the modules and between the PV array 

and the inverter. 

 

0.97 - 0.99 

 

0.98 

 

AC wiring 

Losses in the wiring between the 

inverter and the switch gear or service 

power distribution hardware. 

 

0.98 - 0.993 

 

0.99 

 

Soiling 

Losses caused by dirt or dust on the 

surface of the PV module. 

 

0.30 - 0.995 

 

0.95 

System 

availability 

Time the system is off due to inverter or 

utility outages or maintenance. 

 

0.00 - 0.995 

 

0.98 

 

Shading 

Modules shaded by buildings, objects or 

other PV modules. The value 1.00 

assumes no shading. 

 

0.00 - 1.00 

 

1.00 

 

Age 

Losses over time caused by weathering 

of the PV modules. The performance 

loss is normally 1% per year. 

 

0.70 - 1.00 

 

1.00 

 

Overall DC-to-AC derate factor 

 

 

0.09999–0.96001 

 

0.77 

Table 6. Factors contributing to losses in the PV system, explanations, range of acceptable values and the value 

chosen for the calculations (the default values according to NREL). The overall derate factor is calculated 

multiplying the component derate factors. (NERL, 2012) 
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System voltage  

As in the study by Kapambwe (2011), a system voltage of 240 V is assumed.  

 

4.2.4. CALCULATIONS FOR DIMENSIONING OF THE EEM 

The following model, presented in the steps D1-D16, is utilized in order to find suitable 

dimensions of the EEM with the purpose of satisfying the village demand profiles. The model 

is based on the hourly load values of these profiles. In order to propose a reasonable result, 

included in the calculations are the required area of solar panels and the amount of seeds/fruits 

needed per harvest to meet the suggested configuration.  

 

D1. A suitable power rating of the diesel generator, Pgenerator rating  is to be selected in order to 

facilitate the load during the nighttime peak between the hours 17-24, t = [17…23], clearly 

visible in the load profile graphs (Fig.16 and Fig 17).  

This choice of Pgenerator rating  is made with the aim of covering as much as possible of the 

demand between 17-24 while still running at a level between 62-80% of rated power during 

every hour of this interval. By studying the load profile graph, an appropriate value of 

Pgenerator rating  is selected and the fraction of the rated power xt at which level the generator runs 

is chosen for each of the hour in the interval. 

0.62 ≤ xt  ≤0.80;  t = [17…23].  

D2. For each hour between 17-24, the power generation from the diesel generator is 

consequently;  

Pgenerator, t  = Prated, generator * xt; t  = [17…23]. 

D3. If the demand in hour t, Dt is higher than the power generated by the diesel generator, the 

battery bank storage is used to cover the deficiency; 

Pgenerator, t + Pbattery,t = Dt;  Dt   > Pgenerator, t;  t = [17…23]. 

D4.  If the demand is lower than the supply from the diesel generator at 62% of the rated 

power, the demand is met by the battery bank alone;   

Pbattery,t = Dt;   Dt  < Prated, generator * 0.62; t =[17…23]. 

D5. Between the hours 24-05, when the demand is lower than in the evening (seen in the load 

profile graphs Fig. 16 and Fig. 17) the battery bank alone is used to cover the load; 

Pbattery,t = Dt;   t =[24…04]. 

The configuration of D2-D5 is illustrated in Fig. 23 below.  
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D6. The energy required from the batteries during the hours in which only the battery bank 

supplies the load together with the energy required during the hours a combination of the 

diesel generator and battery storage are used, represents the total energy from the battery 

storage needed to cover the nighttime load. 

 Ebattery total = ∑    
     battery,t. 

D7. With a controller efficiency of ηcontroller, an efficiency of the battery at ηbattery as well as a 

maximum discharge level selected as the fraction  xdischarge of the battery storage, the total 

available energy in the battery storage needed for the nighttime hours is; 

 Ebattery dimension = Ebattery total /( xdischarge * ηbattery * ηcontroller).  

D8. Assuming a system voltage of Usystem the dimension of the storage required in ampere 

hours is; 

 Bdimension = Ebattery dimension / Usystem.  

D9. The dimension of the solar panels depends on the battery load and the daytime load. With 

the base load during the daytime being relatively stable, as seen in the load profiles (Fig. 16 

and Fig. 17), the batteries are in the calculations assumed to be charged uniformly over the 12 

daylight hours, resulting in an hourly PV generation during daytime hours of; 

Psolar = (Ebattery total + ∑    
     t) / 12. 

D10. With a PV system efficiency of ηPVsystem, the actual capacity of the solar PV system 

required is:  

 >62%  of 

Diesel 

Generator 

Power 

Rating 

 < 62%  of 

Diesel 

Generator 

Power 

Rating 

Night time 

(17-05) 

Day time 

(05-17) 

Load 

 

Supplied  by  

PV 

Supplied  by 

Diesel Generator 

& Batteries 

Supplied  by 

Batteries 

Fig. 23. System configuration. with respect to hours and diesel generator 

output.  
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Psolar dimension= Psolar / ηPVsystem. 

D11. With a PV panel power output of PPVoutput, the number of panels needed is: 

nsolar = Psolar dimension  / PPVoutput. 

D12. The resulting PV area, with an area per panel of Apanel, is: 

Asolar =  nsolar * Apanel.  

D13. At a generator efficiency of ηgenerator, the necessary required daily biodiesel energy 

generation is:   

Ediesel =  ∑    
     generator, t * 3600) / (ηgenerator * 10

6
) 

D14. With a heating value of udiesel, the daily volume of biodiesel need is: 

Vdiesel = Ediesel / udiesel. 

D15. With an oil content of  the fraction xoilcontent of the fruit/seed  source of the biodiesel,  an 

oil density of ρoil, and a volumetric proportion of oil from the fruit/seed of xoil in the biodiesel 

mixture, the required mass of fruits/seeds per day is; 

 mbio = (Vdiesel * ρoil * xoil ) / xoilcontent. 

D16. With a number of harvests per year of nharvest , the mass of fruits/seeds required per 

harvest is: 

 mharvest = (mbio* 365) / nharvest. 

 

4.3. SENSITIVITY ANALYSIS 

The purpose of the sensitivity analysis in the model of this study is to investigate the stability 

of the suggested configuration of the EEM in each village with variations in both the demand 

profiles and supply components. Table 8. demonstrates the selected variable parameters under 

investigation: demand, diesel generator set efficiency and solar PV system efficiency. These 

parameters are investigated in 6 different scenarios in which one of the three parameters is 

either increased or decreased.  

The demand of the villages is a highly variable factor and thus is considered in the sensitivity 

analysis of this study. An interval of +/- 10% for the analysis of the demand variable is 

utilized. This interval takes into account possible variations of the: 

 Power rating of household devices 

 Load per household 
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The supply element of the EEM is investigated through variations in the efficiency of the PV 

system and diesel generator set. As seen in Table 6, the losses in the PV system are affected 

by several factors and thus system efficiency can vary greatly. Therefore, an efficiency 

interval of  +/- 10% of the chosen calculation value is selected for the PV system efficiency 

sensitivity analysis. The efficiency of the diesel generator set is decreased by 5% and 10%, as 

the set is likely to be exposed to some extent of gradual wearing which would lead to a 

decrease in efficiency. 

The demand section of the sensitivity analysis, scenario 1-2, is utilized to investigate the 

reliability of the EEM configuration and the potential loss of load in the event of an increase 

of demand with the suggested EEM setup for each village. A configuration of the EEM 

components, i.e. the solar PV and biodiesel supply elements, as adjusted for the demand 

variation is also presented. This reconfiguration is derived using the same model as for the 

originally suggested hybrid systems (see section 4.2.3.). The supply section of the sensitivity 

analysis, scenario 3-6, investigated the stability of the suggested dimensions of the selected 

module components. The potential loss of load without reconfiguration of the module is 

presented, alongside the necessary alteration of the supply component under focus in the 

scenario in the module in order to avert this loss of load. Through the sensitivity analysis of 

the supply element of the module, an overview of the stability and possible necessity in 

alterations to the dimension sizing of the solar PV or diesel generator set is attained.  

All reconfigurations resulting from the sensitivity analysis of the EEM hybrid system are 

carried out in accordance with the model presented in section 4.2.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 

 

 

 

 

 

 

 

 

Scenario 

 

Demand, Dt 

 

Efficiency of diesel 

generator set,  ηgenerator 

 

Efficiency of the 

PV system,  ηPVsystem 

 

0. 

(main) 

 

According to survey 

results 

 

 

40% 

 

77% 

 

1. 

 

+10% of survey 

results 

 

 

40% 

 

77% 

 

2. 

 

- 10% of survey 

results 

 

 

40% 

 

 

77% 

 

3. 

 

According to survey 

results 

 

 

35 % (-5%) 

 

77% 

 

4. 

 

According to survey 

results 

 

 

30 % (-10%) 

 

77% 

 

5. 

 

According to survey 

results 

 

 

40% 

 

67% (-10%) 

 

  6. 

 

According to survey 

results 

 

 

40% 

 

87% (+10%) 

Table 7. Scenarios of sensitivity analysis 
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5. RESULTS 

Table 8. below presents the values attained for Nicuita and Quirimize for the 24 hour demand 

of 50 inhabitants through the model of this study with input parameters presented in Table 12 

and Table 13. in Appendix 4.  

 

 

 

 

 

 

 

 

 

 

 

 

Based on these values, the EEM dimensioning for Nicuita and Quirimize are as follows. 

5.1 VILLAGE EEM DIMENSIONS 

Nicuita  

An EEM hybrid configuration consisting of the following system components is suggested by 

this study for Nicuita:  

19.5 kW diesel generator 

13.6 kW solar PV system 

350 Ah battery bank 

The daily biodiesel requirement of the diesel generator and the resulting jatropha seed yield 

per harvest necessary with two harvests per year is 23.6 liters and 7.9 tons, respectively. The 

current availability of biodiesel in Bilibiza, 200 liters produced per day, alongside a jatropha 

seed yield per harvest in Nicuita of 120 tons is clearly ample in supplying this requirement. 

 

Nicuita 

 

Quirimize 

 

Btotal [Wh] 60 833 55 865 

Bdimension [Wh] 83 933 73 026 

Bah [Ah] 350  304 

Psolar  [W] 12 005 10 331 

Pactual solar [W] 13 557 13 417 

npanels  73 73 

Asolar [m
2
] 120 120 

Ediesel [MJ] 811 918 

Vdiesel [liter] 23.6 31.94 

mbio[kg] 43.2 58.5 

mharvest [kg] 7 885 10 674 

Table 8. Results of the model for Quirimize and Nicuita 
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The 13.6 kW solar PV system would require a total of 73 solar panels of a total area of 120 m
2
 

in order to synchronize a battery bank storage with the biodiesel fueled generation in meeting 

the peak load hours.   

The attained distribution of power supply amongst the solar PV, biodiesel and battery bank 

components of the EEM over time in Quirimize is seen in Fig 24. below. Here the storage of 

excess solar PV power during daylight hours (5-17) followed by the meeting of the daily peak 

load interval (17-24) through the diesel generator fueled with biodiesel alongside a battery 

bank can be observed. Also discernible is the disengagement of the diesel generator and the 

resultant significant role of the battery bank during hours 0-5. The diesel generator is not 

utilized during these hours in accordance with D1. of section 4.2.4. 

 

 

Quirimize 

An EEM hybrid configuration consisting of the following system components is suggested by 

this study for Quirimize:  

22.5 kW diesel generator 

13.4 kW solar PV system 

304 Ah battery bank 

The daily biodiesel requirement of the diesel generator and the resulting jatropha seed yield 

per harvest necessary with two harvests per year is 31.9 liters and 10.7 tons, respectively. The 

current availability of biodiesel in Bilibiza, 200 liters produced per day, alongside the jatropha 

seed yield per harvest in Nicuita of 120 tons which in turn can be utilized to produce biodiesel 

in excess for other villages is clearly sufficient in supplying this demand. 

Fig 24. Hourly distribution of load supply across the EEM system components as dimensioned for Nicuita 
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The same dimensioning of the solar PV system is suggested for Quirimize, resulting once 

more in the need of 73 solar panels of a total PV area of 120 m
2
 necessary to meet the 

nighttime load in combination with the battery bank and biodiesel fueled generation. 

The attained hourly distribution of the power supply amongst the solar PV, biodiesel and 

battery bank components of the EEM in Quirimize is seen in Fig 25. below, similar to Fig 24 

for Nicuita. As for Nicuita, the storage of excess solar PV power during daylight hours (5-17) 

followed by the meeting of the daily peak load interval (17-24) through the diesel generator 

fueled with biodiesel alongside a battery bank can be observed. Also discernible is the 

disengagement of the diesel generator at hour  0, after which the full load supply is derived 

from the battery bank during the hours 0-4. The diesel generator is not utilized during these 

hours in accordance with D1. of section 4.2.4.  

 

 

5.2. SENSITIVITY ANALYSIS  

Nicuita 

Table 9. below presents the results of the sensitivity analysis of Nicuita values. An increase in 

demand as well as decrease in supply efficiency results in a loss of load without 

reconfiguration of the module. The reconfigurations for scenario 3 and 4 solely affect the 

biodiesel demand in order to successfully satisfy the load. The reconfigurations for scenario 5 

and 6 solely include the dimensioning of the solar PV power capacity for the attained 

efficiency in order to meet the load. 

Quirimize 

Table 10. below presents the results of the sensitivity analysis of Quirimize values. An 

increase in demand as well as decrease in supply efficiency results here too in a loss of load 

without a reconfiguration of the module. The reconfigurations of Quirimize are applied using 

the same principles as for Nicuita as described above.  
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Fig 25. Hourly distribution of load supply across the EEM system components as dimensioned for Quirimize. 
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Scenario Total daily 

load (kWh)  

Total loss of 

load without 

reconfiguration 

(kWh) 

Solar PV 

system (kW) 

Diesel generator 

power rating  

(kW) 

Biodiesel 

demand 

(liter) 

Jatropha demand 

per harvest (tons) 

0 208.8 0 13.6 19.5 23.6 7.9 

 Total daily 

load (kWh) 

Total loss of 

load without 

reconfiguration  

(kWh) 

Reconfigured 

solar PV 

system (kW) 

Reconfigured 

diesel generator 

power rating 

(kW)  

Reconfigured 

biodiesel 

demand (liter)  

Jatropha demand 

per harvest (tons) 

1 229.6 16.3 14.7 21.8 26.4 8.82 

2 187.9 0 12.0 17.8 21.5 7.2 

3 208.8 5.4 13.6 19.5 27.0 9.0 

4 208.8 12.6 13.6 19.5 31.5 10.5 

5 208.8 16.3 15.6 19.5 23.6 7.9 

6 208.8 0 12.0 19.5 23.6 7.9 

Scenario Total 

daily load 

(kWh)  

Total loss of load 

without 

reconfiguration 

(kWh) 

Solar PV 

system (kW) 

Diesel generator 

power rating  (kW) 

Biodiesel 

demand 

(liter) 

Jatropha 

demand per 

harvest (tons) 

0 224.7 0 13.4 22.5  31.9 10.7 

 Total 

daily load 

(kWh) 

Total loss of load 

without 

reconfiguration  

(kWh) 

Reconfigured 

solar PV 

system 

Reconfigured 

diesel generator 

power rating (kW)  

Reconfigured 

biodiesel 

demand 

(liter)  

Jatropha 

demand per 

harvest (tons) 

1 247.2 17.4 14.6 25.0 35.5 11.9 

2 202.2 0 12.3 20.0 28.4  9.5 

3 224.7 6.3 13.4 22.5 36.5 12.2 

4 224.7 14.6 13.4 22.5 42.6 14.2 

5 224.7 16.1 15.4 22.5 31.9 10.7 

6 224.7 0 11.9 22.5  31.9 10.7 

Table 9. Results of sensitivity analysis of suggested Nicuita EEM hybrid system 

Table  10. Results of sensitivity analysis of suggested Quirimize EEM hybrid system 
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6. DISCUSSION 

As follows is an analysis of different aspects of the EEM, its possible implementation and the 

suggested hybrid configuration of this study for the two villages. This study is simplified and 

hence discussion surrounding the numerous factors of off-grid hybrid energy systems from 

perspectives of sustainability and credibility is highly called for. The demand element is first 

regarded, followed by the supply element. Changes in these elements as seen in the sensitivity 

analysis of this study and possible effects of such alterations are considered. The more 

specific elements, lighting and water supply, are also discussed further as important factors of 

the EEM demand profiles, seeing the large role they maintain in the nature of the suggested 

configuration. Moreover, the future of hybrid energy systems is investigated, with reflection 

upon the dynamics and development within this area of business.    

6.1. DEMAND  

The load profiles of the villages are one of the most important inputs of the process of 

dimensioning a suitable hybrid electrification system. The peak load and peak to non-peak 

ratios greatly affect the dimensioning model created in this study, for which a basis lies in the 

sizing of the diesel generator according to peak load followed by the sizing of appropriate 

solar PV panels. It can therefore be stated that the load profiles are the most influential factor 

in the dimensioning of the hybrid solar PV-diesel systems for the villages targeted in this 

study. 

The nature of variation of the demand during the day as well as the distribution of electricity 

usage across different household devices is a vital factor in the load profile. For both Nicuita 

and Quirimize, the lighting and refrigeration components maintain a large portion of the peak 

load values showing the significance of the utilization of the mentioned devices for the results 

of the model of this study. A variation in the power rating or use of these devices will affect 

the dimensioning of the EEM as to facilitate more significant changes in peak load. 

With regard to the impact of the load profile hybrid dimensioning process of this study, an 

overview and statistics of the demand investigation results as well as a discussion of these 

results are as follows.   

Nicuita  

Fig 26 portrays the distribution of the total demand amongst the household devices of the 

survey in Nicuita. Lighting and refrigeration clearly represent the largest portions of the 

demand, at 49% and 34% respectively. Here the demand for refrigeration is at a 71% positive 

answer rate, as opposed to 100% in Quirimize, according to survey results. As Nicuita is a 

village of farmers as opposed to the fishing society of Quirimize, the need for storage by 

refrigeration is lower, hence leading to the noted demand result differentiation. 
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The lighting portion of the electricity demand in Nicuita incurs a considerable influence on 

peak load which in turn affects the potential EEM dimensions for the village. Fig 27. below 

demonstrates the frequencies of different demand quantities of light bulbs per household. The 

weighted average demand of light bulbs per household is rounded up to 7, as opposed to the 

extremes of 3 and 10 per household. 

The portion of the total load in the Nicuita demand profile which each investigated household 

device comprises during hours 0-24 is illustrated in Fig 28. below. It can be observed that the 

peak load interval from 17-24 arises majorly from an increase in lighting and TV usage. There 

is also a small increase in power demand from 12-14 arising from an increase in fan usage as 

a result of the usual heat of the middle of the day. The base load arises from the refrigerator 

power demand.   
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Fig 26. Household device contribution to total daily load of Nicuita 

Fig 27. Frequency of light bulb demand quantities per household in Nicuita 
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Quirimize 

Fig 29. below demonstrates the distribution of the load in Quirimize amongst the household 

devices included in the demand survey of this study. The refrigerator encompasses the largest 

portion of total load at 43%, reasonable considering the 100% positive answering rate towards 

the device by the survey participants. As a village subsisting to a large extent from fishing 

activities which would call for, in the event of access to electricity, storage for future sales of 

the fish in ice made possible by the refrigeration, the large demand for refrigerators is 

probable to be represented to a noteworthy extent with the implementation of a hybrid 

electrification system. Following refrigerators, nighttime lighting contributes greatly towards 

the daily peak and comprises 40% of the total load.  

 

 

 

 

 

 

 

 

 

 

The lighting element of the demand profile contributes greatly towards the peak load in the 

two villages, to a great extent influencing the dimensioning of the module which must 

facilitate an efficient supply of this peak. Fig 30. demonstrates the frequencies of different 
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Fig 29. Household device contribution to total daily load of Quirimize 

Fig 28.  Household device proportions of total demand in Nicuita 
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demand quantities of light bulbs per household in Quirimize. The weighted average light bulb 

demand per household is rounded up to 6 as opposed to the extremes of 3 and 10. 

 

The portion of the total load in Quirimize which each household device investigated in this 

study accounts for during hour 0-24 is illustrated in Fig 31. below. It can be observed that 

peak load arises majorly from an increase in TV and lighting while the base load is the 

refrigerator power demand. 
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Fig 30. Frequency of light bulb demand quantities per household in Quirimize 
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Fig 31.  Household device proportions of total demand in Quirimize. 
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Fig. 32 . Map showing an overview of energy efficient lighting policies and realization around the world in the 

residential sector, including policy approach, regulatory mechanisms, supporting policies, monitoring as well as 

verification and enforcement activities.  Green indicates advanced activities, orange indicates that some activities 

are in progress and few, if any, activities are indicated in red. (UNEP, 2013). 

Mozambique 

Future of efficient lighting                                                                                                                                                    

As seen in Fig. 26 and Fig. 29, lighting accounts for a large part of the energy demand, in 

Nicuita for almost 50 %. In the demand calculations, a commonly used 40 W light bulb is 

chosen. However, many governments around the world are actively working towards phasing 

out standard incandescent lamps (GLS) (UNEP, 2013), as illustrated in Fig. X. Few phase out 

initiatives have yet been taken by the Mozambican government. Nevertheless, EdM initiated 

the project “Mais Luz, Menos Energia” (“More  Light with Less Energy”) in May 2012. This 

involves the distribution of 200 000 energy-efficient lamps to EdM customers throughout 

Mozambique. Another EdM initiative is the replacement of street-lighting with efficient 

lamps under the “Green Street T5” project. (UNEP, 2013). This indicates that, with further 

governmental policies and market development, more energy efficient lamps will be available 

and competitive on the Mozambican market.  

     Of the present energy efficient lighting technologies, the Compact Fluorescent Lamp 

(CFLi) is the most readily available with the greatest energy savings. Compared to the GLS, 

the CFLi uses normally around 25 % of the energy for the same amount of light output and 

has a life expectancy of between 3 000 hours to more than 15 000 hours depending on quality, 

compared to an  average of 1 000 hours for GLS. (Waide, 2010). If lights comprise half of the 

load to be met by the EEM, and 75 % of the energy required for lighting is saved using more 

efficient lamps, the total load decreases by 37.5 %. These energy savings can result in more 
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households being supplied by the current dimension of the EEM, or to meet a potentially 

increase in energy consuming devices in the future.  

Similarly to a change in lighting efficiency, the utilization of the module to meet the clean 

water demand of the two villages would greatly affect the workings of the EEM. The 

omission of this component renders the configuration simplified, and is thus open to 

discussion.  

EEM to meet water demand 

Water was omitted as part of the suggested hybrid system of this study due to a lack of 

readiness to pay for a clean water supply in the two villages. The sustainability of this verdict 

is questionable and hence, prior to an implementation of the EEM, the inclusion or exclusion 

of this water supply element would require further investigation.  

Even though there has been great development in clean water supply and sanitation in 

Mozambique, this still remains one of the areas necessitating the most improvement as 

mentioned in chapter 3. The absence of this improvement would prolong the negative effects 

resulting from a lack of clean drinking water, such as cholera outbreaks as well as diarrhea, 

both major causes of premature death. Therefore, an increased clean water supply is highly 

called for. A lack of readiness to pay for this increased supply could arise from a lack of 

awareness of these negative effects and the extent of the impact that cleaner water could have 

on villagers’ health. This is realized, and measures are being taken to increase public 

knowledge. For example, UNICEF and its partners train community facilitators and activists 

to raise awareness in Mozambican communities on the significance of clean drinking water 

and, for instance, the diseases caused by drinking unclean water. (UNICEF, 2013). The 

readiness to pay for clean water from the EEM would possibly rise following an increased 

awareness of the effects of a lack of this clean water. 

Moreover, a lack of awareness to the right of access to clean drinking water may be a base in 

the deficiencies in demand and development in this area. Water corruption and a lack of 

community involvement as a key stakeholder in the implementation of water projects are also 

reasons behind a lack of successful progress in the area. Studies show that with community 

involvement in decision-making, operation and maintenance, a stronger sense of ownership is 

achieved in the affected society and with this a higher sustainability and success rate of the 

water supply system. (UN, 2012).   

Not only social but also economic sustainability is necessary in a discussion of clean water 

supply inclusion. These factors are together one of the largest weaknesses in the donor-

financed water and sanitation projects of Mozambique, shown by recent studies conducted by 

the Japan International Cooperation Agency (JICA). These studies imply that several such 

projects are shut down after only two years. Certain donors have cut aid due to observations 

of government corruption. Other donors have withdrawn due to the buildup of accounts 

payable from government ministries. (USAID, 2013). A transparency and increased 

regulation in water supply project management is necessitated for an improvement in long 

term social and economic credibility. Thereafter, with increased funding the pricing of the 
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water supply will be lower, in accord with the village demand for water prices being in the 

lower range.   

From the above it can be derived that although this study suggests the exclusion of a water 

supply component in the EEM in both villages, this verdict necessitates further discussion due 

to mentioned sustainability aspects, such as economic viability, project transparency, health 

issues, community awareness and community involvement. Such aspects are interconnected. 

For example, with an increased awareness of diseases caused by unclean water comes an 

increased readiness to pay for cleaner water and hence an increased economic viability of a 

project implementation.   

The inclusion or exclusion of a water supply component in the EEM to meet the demand for 

clean water in the regarded villages would, as a change in the power rating of the utilized 

lamps, significantly affect the load profile. This would in turn greatly influence the 

dimensioning of the EEM. As a base in the model of this study, the load profiles of the two 

villages are central in the process of setting up the corresponding suggested EEM 

configurations, as discussed below.   

Load profile effects on EEM configuration 

There is a great evening increase in the load profile of both villages. According to Yaragatti et 

al. (2012), a normal peak to non-peak ratio is around 56%. This ratio is 14% in Nicuita and 

18% in Quirimize. The ability of the EEM hybrid in handling this variation of power demand 

is vital in its successful implementation. The small peak to non-peak ratio is therefore a strong 

influence in the dimensioning of the EEM.  

As a result of this strong influence, possible changes in the load profiles of the villages are of 

interest. Considering that the villages have not yet gained access to electricity, the expressed 

electricity demand of the surveyed population is questionable. In an interview with Nasiri 

Inacio, an employee at the ADM biodiesel processing factory in Bilibiza, Cabo Delgado, who 

has had access to electricity for 3 years, it is established that there indeed is a probability that 

the actual electricity usage after gaining access deviates to an extent of significance from the 

expressed demand prior to this gain. Mr. Inacio thought, prior to gaining access, that he would 

have 6 lamps, a TV, a fridge, a radio and pay 100 MT a month for the electricity. However, 

currently he has no fan or refrigerator. The refrigerator is an affordability issue, as it is 

constantly on hence to a great extent increasing the household electricity costs.    

According to scenario 1 of the sensitivity analysis, a 10% increase of the demand affects the 

ability of the hybrid system to successfully meet the load implying a lack of reliability in its 

configuration. The configuration of the hybrid system suggested by this study is conclusively 

dimensioned for an exact supply of the derived village load profile and not sufficiently able to 

handle demand variations. Moreover, the decrease in the total load in scenario 2 of the 

sensitivity analysis and the resulting decrease in peak load make a reconfiguration toward 

smaller sizing of the EEM components relevant. One issue here is, in the event of peak load 

intervals with lower demand levels than expected, the possibility of the diesel generator to not 
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operate within its optimal generation interval, 62-80% of its power rating as assumed by this 

study and as recommended by Azoumah et al. (2012). 

From the above it can be derived that the dimensioning of the EEM solely based on survey in 

results, without considering the actual financial situation and future prospects of the villagers 

is a questionable feature of the model of this study. Although the parallel hybrid system is a 

suitable configuration in meeting a highly variable load profile considering that the parallel 

model renders a capacity twice that of a series hybrid configuration (Azoumah et al., 2011), 

there is a deficiency in the module capability of consuming demand variations.  

 

This is a weakness rendering the sustainability of the suggested configuration questionable. 

The community’s economic benefits following the implementation of an off-grid hybrid 

electrification system is identified as the most significant aspect for the affected society in a 

study carried out by Brent & Rogers (2012). As access to electricity will increase the village 

income opportunities, for instance through selling cold drinks, storing fish in ice or more 

productive carpentry with electric machinery, the electricity demand is likely to rise with time 

as a result of the probable increase in quantity and variation of household devices per 

household. In this case, scenario 1 of the sensitivity analysis is applicable. With time the 

dimensioning of the EEM or amount of modules set up would have to be altered in order to 

facilitate such an increase in demand and prevent power outages in the community. It can be 

maintained that, after gaining access to electricity, the village community’s dependence on 

this access will grow and thereby also its dependence on the functioning of the system. For 

example, in the case of the fishermen in Quirimize, if the ice used to store fish in the 

refrigerators melts due to a power outage, potential income to the village will be lost. In the 

case of Nicuita, carpenters will be rendered unable to work if an increased reliance on 

electricity powered machinery is faced with power outages.  

 

The supply components and composition of the EEM hybrid systems of the targeted villages 

are of great significance in handling the large variations in demand seen in Nicuita and 

Quirimize, and in the sustainability of the systems. According to Bajpai & Vaishalee (2012), 

large variations in load can even lead to an entire system collapse. It is also emphasized that 

the main objective of optimal energy flow management should be the assurance of a 

constantly achievable supply of peak load. Despite the increased reliability derived from the 

fuel flexibility of parallel hybrid systems, as stated, the unit sizing will have a large effect on 

the total cost and consistency of the system in meeting the load. 

 

6.2. SUPPLY 
 

As concluded by Erdinc & Uzunoglu (2012), many challenges lie in the sizing of hybrid 

system components. Numerous parameters are to be thoroughly deliberated in order to 

generate the optimum result. Since this represents a balance between reliably meeting the load 

and cost of the system (Erdinc & Uzunoglu, 2012), the decision of this study not to look at the 
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economic aspects of the energy sources in the configuration is probably one of the largest 

limitations of the model.  

 

It is displayed in Fig.24 and Fig. 25 that the PV output represents approximately 45% of the 

total power generation in Nicuita and 50 % in Quirimize. Solar panels have a much higher 

initial installation cost than the diesel engine, which nevertheless requires more maintenance. 

However, since the villagers of Quirimize have to pay for the fuel in contrast to the people in 

Nicuita, the optimal solutions with the economic perspective in mind would probably differ 

more between the villages with respect to the proportions of supply, with Quirimize covering 

more of the load with PV panels.  

One of the tools incorporating the economic perspective in the optimization is the software 

HOMER (Hybrid Optimization Model for Electric Renewables) (Erdinc & Uzunoglu, 2012), 

which is used to simulate and size hybrid renewable energy systems based on an optimization 

of the NPC (net present cost) with regard to wind turbines, PV modules, batteries, mini-hydro 

and numerous other components (Gilman, 2006). Using this for simulation would lead to a 

more incorporating result; however a larger number of input parameters are required. With the 

lacking local data of for example daily and seasonal variations of insolation and wind speed, 

an even greater amount of assumptions would have to be made. This would in return affect 

the authenticity of the model.  

 

In an analysis carried out by Erdinc & Uzunoglu (2012) of a number of optimization 

approaches used in in previous studies of hybrid systems, including simulation with HOMER, 

it is concluded that practically none of the studied methods takes into consideration the 

degradation of  components over the expected lifetime of the system. As clear in Table 10 and 

11, a decrease in efficiency of the diesel generator or in the PV system leads to great losses of 

load with the suggested configurations.  

 

The inevitable scenario of a decrease in the generator efficiency (represented by scenarios 3 

and 4 in the sensitivity analysis) would lead to a significant increase in the biodiesel supply 

required as seen in Table 10. and Table 11. According to the mapping of current situation of 

jatropha available for biodiesel as well as the predicted future expansions, unavailability of 

the resource is not expected to be of greater concern.  Increasing the power rating of the 

generator to meet a future decrease in efficiency would increase the fuel consumption in the 

initial setup of the system, due to a possible over dimensioning as discussed in section 4.2.2.  

 

It is also clear from Table 10. and Table 11. that a decrease in efficiency of the PV system 

likewise would lead to great losses of load with the current configuration. Increased capacity 

of the solar PV would be required. However, this would with the assumed power rating of 255 

W per panel lead to an increased required area, already being as large as 120 m
2
.  

 

Even if a possible solution is to put  panels on both sides of the container, in contrast to the 

prototype built at KTH where only one side is used (seen in Fig. 1), this large area is not 

realistic for a container solution.  In previous EXPLORE Polygeneration studies with the aim 
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of dimensioning the EEM, for instance by Montrichok et al. (2011), Salcedo et al. (2011) and 

Modi et al. (2011), the focus has been on implementation in emergency situations with greater 

requirements  of system mobility. Therefore the weights and measurements of the components 

have been considered in the development of an optimal solution, required to fit in a 20 ft 

container. However, as the EEM of this study is to be used as a constant energy provider in 

the villages over a longer period of time, mobility should not be a main area of concern. The 

PV panels could, instead of being put on top of a container, function as a small solar farm.  

 

According to Rodrigues (2013) it is however more efficient to use fewer panels with higher 

power outputs due to the resulting decrease in total system loss, implying that panels with 

higher rating might be more suitable to cover the load.  

 

6.3. THE FUTURE OF THE HYBRID SYSTEM  

With issues of energy security, climate change and rising prices of conventional fuels, a major 

focus has been directed towards renewable sources in the energy sector. However, the usual 

unpredictability of these sources, examples being the periodicity of wind power or the risk of 

solar radiation variability, has been detrimental in their development and promotion. This 

matter has been addressed by research on and developments in the design, unit sizing, 

optimization, operation and control of hybrid renewable energy systems. The area is of vast 

possibilities and still emerging on the global energy market. A lack of rural electrification, not 

only in Mozambique but many developing countries, is part a global gap between energy 

supply and demand which is expected to increase exponentially without due action. (Bajpai & 

Vaishalee, 2012). The remoteness, both in terms of distance and of time, of rural villages to 

the Mozambican national grid renders a great relevance in the investigation of potential off-

grid hybrid system implementations.  

 

Developments not only in hybrid systems as a whole but in the individual energy units which 

comprise these systems, such as solar PV or wind turbines, are under way. A global increase 

in interest in renewable energy has spurred such research and developments. An example here 

is the advancement in solar PV technology leading to an increase in the low efficiencies and 

power outputs, such as the recognition of the efficiency-increase gained through optimum 

inclinations of the solar panels (Tang, 2010). These developments  are further expansion and 

strengthening of the grounds upon which renewable energy hybrid configurations stand. 

 

With a specificity towards the solar PV-diesel hybrid system, according to Bajpai & 

Vaishalee (2012) the configuration is, despite its increased reliability, lower capital costs and 

gained recognition, debatable due to rising diesel fuel prices and carbon emissions. Secondly, 

the lowering of the diesel generator efficiency at loads beneath or above certain levels of the 

power rating is addressed. With regard to the suggested EEM configurations of this study, 

through the use of biodiesel the exposure to rising diesel fuel prices as well as higher levels of 

carbon emissions are averted. Another possible hybrid system energy source, as highlighted 
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by Bajpai & Vaishalee (2012), is the fuel cell which has gained recognition as an alternative 

backup to diesel alongside solar PV. At present the cost of hydrogen, necessary in fuel cells, 

is high but expected decrease with time.  

 

The actual sizing of the hybrid system units is of great importance in the success of the 

system. Over sizing will, as mentioned cause the system costs to reach unnecessarily high 

levels, and under dimensioning will lead to a failure in supplying the load. Managing 

available hybrid resources optimally is therefore crucial in the success and acceptability of the 

module with regard to total cost and reliability. (Bajpai & Vaishalee , 2012). The model of 

this study is greatly simplified, with most regard to the lack of inclusion of the financial 

aspects of the module. The suggested dimensions of the module are therefore based on a 

simplified model which, for instance, does not include the mentioned system costs. As a 

result, prior to an implementation extended studies on the sizing of the module components 

are necessitated. As a result, development in hybrid optimization techniques is of interest to 

this study with regard to the impending possibilities of future improvements in the sizing of 

the EEM. There are numerous current applicable optimization programs available, such as 

HOMER, as mentioned. According to Bajpai & Vaishalee (2012), there are several 

advancements under way of such optimization software which is highly beneficial for the 

future prospects of EEM implementations.  

 

With regard to the rising attention towards, research of and developments in hybrid system 

configurations, there are steadily increasing possibilities for a possible implementation of the 

EEM hybrid system. This applies not only to rural villages in Mozambique, or in Africa for 

that matter, but for addressing general issues of energy security in areas remote to national 

grid connection.  
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7. CONCLUSION & FURTHER STUDIES 

The suggested components and dimensioning of the hybrid renewable energy system 

suggested through the model of this study for 50 households per village are a 19.5 kW diesel 

generator, a 13.6 kW solar power system as well as a 350 Ah battery bank in Nicuita and a 

22.5 kW diesel generator, a 13.4 kW solar power system and a 304 Ah battery bank in 

Quirimize. Both generators are proposed by this study to be fueled by jatropha based 

biodiesel. This dimensioning is acceptable with consideration to the village conditions and 

availability of the targeted solar PV and biodiesel resources. However, the suggested module 

is vulnerable to changing parameters, and its lacking capability to respond the load variations 

can result in great losses of load. Hence, prior to implementation, further studies utilizing 

more advanced optimization software is called for. This would in turn require an increase in 

quantity and quality of input parameter data such as life cycle costs, wind speed and 

insolation data. This information is difficult to attain, but mapping is under way by several 

parties, such as FUNAE. 

It can be concluded that there is with certainty a great potential in the EEM not only for 

implementation in rural Mozambique but in electricity deprived communities in general. 

However, this potential must be investigated further prior to such implementations in order to 

take into consideration more aspects than included in the simplified model of this study. 

Further studies on improved hybrid optimization techniques are therefore called for as a basis 

for future prospects of the EEM. 
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APPENDIX 

1. SURVEY IN THE VILLAGES 

For Monday to Sunday, the following table for estimating the number of devices used at each 

hour was included in the survey; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Questions in the survey; 

 Would you like to use a refrigerator? Yes No 

 Are you using a cell-phone that needs to be charged at your home?     Yes          No 

 How many liters of clean water do you approximately use per day?   

 How many liters of clean water would you like to use per day? 

 How much per month would you say you could pay for electricity? 

 How much would you say you could pay for a liter of water? 

       

 

Lights  TV Fan Other (specify) 

 

(number)       

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         

13-14     

14-15         

15-16         

16-17         

17-18         

18-19         

19-20         

20-21         

21-22         

22-23         

23-24         
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2. SIMULATION IN STELLA 

 

 
Fig. 33. Model built in STELLA to simulate the load profile.  
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Fig. 34. Equation window of the simulation of load in Nicuita.. [1]: Total energy use per day as the integral 

of the ‘Momentary energy use’ curve. [2]: Initial value of ‘Energy use per day’ set to 0. [3]: ‘Momentary 

energy use’ as a sum of all devices with respect to their usage given in the user functions. Multiplied by 50, 

the number of households in the model. [4]: The energy demand of the fan is set to 75% of the rated power 

60 W. [5]:The energy demand of a light is set to 40 W. [6]: The energy demand of the radio is set to 75% of 

the rated power 12 W. [7]: The energy demand of the refrigerator is set to 75% of the rated power 108 W. 

[8]: The energy demand of the TV is set to 75% of the rated power 180 W. [9-13]: The user functions for the 

devices is set to represent the average number of the respective device used by a household at every hour 

here displayed with the format (hour, number of devices used).  
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Fig. 35. Equation window of the simulation of energy load in Quirimize.  
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Fig. X. Equation window of the simulation of energy load in Quirimize.  

Fig. 36. Graph showing momentary energy use in the simulation of the load in Nicuita.  

Fig. 37. Graph showing momentary energy use in the simulation of the load in Quirimize.  
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3. COCONUT OIL IN QUIRIMIZE 

1. Coconut oil 

1.1. With an annual yield of 3000 kg coconuts and a coconut oil content per mass basis of 

10% (Banzon, 1980) results in annual coconut oil yield of: 

3000 * 0,1 = 300 kg 

1.2. With an energy content of 33.7 MJ/kg (Rhagavan, 2010), the attained coconut can 

generate a total annual energy supply of:  

300 * 33.7 = 10 110 MJ (MWs) 

1.3.  The energy supply from the coconut oil, if distributed evenly across one year  and 

utilized only during the peak load hour of the village, would attain the following daily value: 

[(10 110 / 3600) * 10
6
]  / 365 = 7694 Wh 

1.4. With a peak load of 22 568 W, the attained capacity in C3. would constitute the following 

fraction of peak load, with an engine efficiency of 40%: 

0.4 * (7694 / 22 568) = 13.6 % 

2. C10 blend 

2.1. With a coconut oil density of 0.9 kg/liter (Rhagavan, 2010), 10% blend of coconut oil in 

C10 and C10 density of 0.848 kg/liter (How et al., 2012), the following total annual yield of 

C10 can be attained with the coconut yield in C.1.1. 

0.848 * [300 / (0.9 * 0.10)] = 2826.7 kg 

2.2. A C10 yield of 2826.7 kg can annually generate, with a C10 heat content of 43.8 MJ/kg 

(How et al., 2012): 

2826.7 * 33.7 = 95 258.78 MWs =26.5 MWh 

2.3. If the C10 yield were distributed as in C.1.3. the daily power capacity, with consideration 

towards a 40% diesel generator efficiency, would be: 

0.4 * [(26.5 * 10
6
) / 365] = 28 998.1 Wh 

2.4. The three hours with the highest load in Quirimize are 19, 20 and 21. Here the total load 

is: 

21 340 + 22 568 + 19 095 = 62 903 Wh 

2.5. The attained generation would result in the supply of the following portion of the peak 

load interval:  

28 998.1 / 62 903 = 46% 
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4. INPUT PARAMETERS OF MODEL 

 

 

  Nicuita Quirimize 

D1 
9 028 9 773 

D2 
9 028 9 773 

D3 
9 028 9 773 

D4 
8 961 8 823 

D5 
8 611 6 148 

D6 
2 952 4 685 

D7 
3 366 4 798 

D8 
3 348 4 230 

D9 
3 461 4 208 

D10 
3 479 4 163 

D11 
3 123 4 140 

D12 
3 231 4 140 

D13 
5 774 4 118 

D14 
4 977 4 118 

D15 
4 145 4 118 

D16 
3 947 4 118 

D17 
3 947 4 118 

D18 
17 281 18 203 

D19 
20 358 18 540 

D20 
21 456 21 240 

D21 
17 972 22 568 

D22 
16 289 19 095 

D23 
12 649 15 723 

D24 
12 355 14 110 

 

Nicuita 

 

Quirimize 

 

Prated, generator [W] 22 000 25 000 

x17 0.80 0.70 

x18 0.80 0.70 

x19 0.80 0.70 

x20 0.80 0.70 

x21 0.80 0.70 

x22 0.62 0.70 

x23 0.62 0.62 

ηcontroller 0.90 0.90 

ηbattery 0.85 0.85 

xdischarge 0.50 0.50 

Usystem [V] 240 240 

ηPVsystem 0.77 0.77 

PPVoutput [W] 185 185 

Apanel [m
2
] 1.67 1.67 

ηgenerator 0.40 0.40 

udiesel [MJ/liter] 34.368 34.368 

xoilcontent 0.344 0.344 

ρoil [kg/liter] 0.90 0.90 

xoil 0.70 0.70 

nharvest 2 2 

Table 12.Momentary energy usage of 

the villages (MW) 

Table 11. Input parameters of model, as a result of the 

assumptions of the model 


