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Abstract 
Rural areas continue to be home to the majority of the population in Africa. The importance of providing 
modern energy to rural areas cannot, therefore, be overemphasized.  No wonder that at presently the 
major energy resource in Mozambique is fuel wood biomass. Total population is estimated to be 25 
million and more than 80% of the energy consumed in the country comes from fuel wood biomass. 

The energy from the main grid covers about 45.3% of Mozambican population which 26.8% comes from 
the National Grid and the remaining 18.5% from renewables and other sources. People outside the grid 
are mainly those living in rural and suburban areas.  

For most rural households in the region, biomass fuels continue to be the dominant fuel of choice. The 
present document suggests possible options that could have greater impact on rural clean energy 
development. Such options could be Solar Photovoltaic and Solar Thermal energy, Wind and Micro- 
hydropower for pumping water or electricity generator and Biofuels. These energy options are receiving 
adequate attention from policy makers and are improving rural life.  

These are useful Renewable Energy sources available in the rural areas since they can supply reliable, 
relatively cost-effective electricity for basic needs in developing countries. They can be used to improve 
the lives of people in many ways, including supplying clean electricity to light homes, hospitals, schools, 
small shops, and other infrastructures, pumping water, etc. For example, using the natural resource of 
wind, sunlight, rivers and Jatropha plants can improve the lives of many people in general and those in 
rural areas in particular.  

This paper aims to describe and discuss the present status of renewable energy technologies in developing 
countries (case of Mozambique), to define the plausible ways for expanding rural electrification and 
improving the life conditions for the rural population. 

 

Keywords:  Rural electrification, Energy sector, Renewable Energy, RE potential, LEAP Model, Solar PV 
for village school.  
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Abbreviations / Nomenclature  
 
BOOT - Build, Own, Operate and Transfer 

CAPEX - Capital Cost 

CEPAGRI – Agriculture Promotion Centre  

CNELEC - National Council for Electricity 

CO2 – Carbon Dioxide  

CPI – Investment Promotion Centre 

EDENR - Strategy for the Development of New and Renewable Energies  

EDM – Electricity Utility Company of Mozambique  

ERAP - Energy Reform and Access Project  

ESKOM – South Africa Utility Company 

FUNAE - Energy Fund  

GAZEDA - Office for Accelerated Economic Development Zones  

GHG – Green House Gases 

GIZ - Deutsche Gesellschaft für Technische Zusammenarbeit 

GoM – Government of Mozambique 

GW – Gigawatt 

HCB - Hidroelectrica de Cahora Bassa S.A.R.L 

INE – National Institute of Statistic 

IPPs -Independent Power Producers 

kWh – Kilowatt hour 

LEAP – Long-range Energy Alternatives Planning 

MoE - Ministry of Energy 

MOTRACO - Mozambique Transmission Company  

MOZAL – Mozambique Aluminum 

MW – Megawatt 

MZM – Mozambican Meticais  

PARP – Poverty Reduction Action Plan 

PETROMOC - Petróleos de Moçambique  
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PPA – Power Purchase Agreement 

PV – Photovoltaic 

RE – Renewable Energy 

REFIT – Renewable Energy Feed-in Tariff 

REL – Local Electrical Grid  

REN – National Electrical Grid 

RET – Renewable Energy Technology 

RNT - National Transmission Network 

SADC – Southern African Development Community 

SAPP – Southern African Power Pool 

SEC – Swaziland Electricity Company  

SIE – Isolated Energy Systems 

TJ – Terra Joule 

UNIDO Mozambique -  

VAT – Value-added tax 
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1 INTRODUCTION 
 

1.1 Background 
 

A significant proportion of the population in Sub-Saharan Africa live in the rural areas where 

access to sustainable energy is identified as an important factor for reducing poverty. Access 

to electricity is also considered an essential element in the sustainable development of rural 

areas and an enabler for countries to achieve their Millennium Development Goals. Therefore, 

access to electricity in the rural areas, where the incidence of poverty was higher than in urban 

areas, was emphasized as a tool for development and poverty eradication.  

 

To increase electricity access in the rural areas, many developing countries undertook a 

number of institutional measures in the past. Most of these rural electrification efforts were 

implemented through government-owned utilities. There is a wide variety observed in the 

success of the rural electrification efforts of different countries. This is beneficial to many 

households and to the environment because when they implement new technologies in 

energy, they avoid the use of traditional biomass which bears a negative impact on the 

environment and people’s health.  

 

In order to avoid any negative outcome, there should be implemented energy options which 

are attainable and easily acquired. For example, water pumping in rural areas occurs primarily 

at community level, and mostly involves the application of hand pumps. Open wells are 

common where the water table is shallow. Solar PV pumping systems have been installed in a 

number of locations as part of official development interventions, and there is certainly scope 

for a far greater level of application of this technology. 

 

However, not all renewable energies have been easily deployed in rural areas. For example, 

mechanical wind pumping is a water pumping technology that is hardly being used in 

Mozambique even though there are suitable circumstances to install it. 
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Most of the efforts are focused on decentralised systems for the electrification of rural areas 

through the application of renewable energy sources such as wind, solar, micro hydro and 

biomass, which are especially suited for distributed electricity generation.  

 

Renewable energies have advantages in terms of their environmental impact due to the fact 

that: their consumption does not result in the depletion of resources; the compatibility to 

climate is better than for currently used options; and their application strengthens the security 

of energy supply by using local resources. 

 

The main purpose of this paper is to discuss the present status of major renewable energy 

technologies in developing countries (case of Mozambique), in order to improve the rural 

electrification by means of such renewable energies technologies. First, it briefly talks about 

energy in general and the steps which have been taken by the government of Mozambique in 

order to make use of new discoveries in the field of energy as well as helping the rural areas to 

get light through renewable energy technologies. Second, it brings up some data related to the 

improvements that took place in the area of energy and it also discusses the present situation 

of energy supply in Mozambique. Third, it outlines the use of each energy option that can be 

installed in rural areas and finally shows the impact that such new technologies have on the 

economy of Mozambique as it highlight the GHG emissions related to energy sector.  

 

1.2 OBJECTIVES AND GOALS 

1.2.1 Main objective 
 

• Study and analyse several different ways to use Renewable Energy for Rural 

Electrification in Developing Countries (case study Mozambique). 

 

1.2.2 Specific Objectives 
 

• Analyse the present situation of the electrification in Mozambique; 

• Analyse different options to consider in terms of energy supplies; 

• Study the problems caused by energy impact on the environment; 
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• Analyse socio-economic and environmental issues related to the use of renewable 

energy supply systems, including policy issues and gender matters; 

• Adopt an energy model for simulation in LEAP; and 

• Implement a PV System as a practical solution for rural electrification in Mozambique 

(Case Study for the Mangungumete Village); 

 

1.3 METHOD OF ATTACK 

1.3.1 Literature Review 
 

The thesis will be basically supported by literature research to help understand rural 

electrification goals and challenges based on renewable energy technologies. 

 

1.3.2 Data Collection 
 

Collection of local data is based on a site visit to a defined rural area of Mozambique as well as 

visits to some governmental institutions (Ministry of Energy, Ministry of Environment, Energy 

Fund) or non-governmental organizations (GIZ, UNIDO Mozambique) that are directly involved 

in the process of rural electrification of the country. 

 

1.3.3 Stakeholders Surveys  
 

This evolves into producing questionnaires and interviews for collecting information. The 

questionnaires are divided into two types, namely:  

a) Questionnaire for policy makers;  

b) Questionnaire for people directly affected by the lack of electricity in rural areas. 

 

1.3.4 LEAP 
 
The Long-range Energy Alternatives Planning (LEAP) system was chosen due to a number of 

factors. Firstly it had already been used in similar research for the Mozambican energy sector. 
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Secondly, LEAP already has a compiled and verified database of the energy sector in 

Mozambique and moreover it provides the opportunity of comparing different scenarios and 

using different assumptions.  

 

The quantitative data used in the LEAP model was attained through the utility company 

engineers that provided values in terms of the production, distribution and consumption of 

energy for the entire country. 

 

 

2 LITERATURE REVIEW  
 

2.1 PRESENT ENERGY SITUATION IN MOZAMBIQUE 

2.1.1 General Information 
 

Mozambique is located on the south-eastern coast of Africa, between the mouth of the 

Rovuma River in the north and the Republic of South Africa in the south. It is washed by the 

Indian Ocean along a coastline that is about 2,800km long. It has a land border of about 4,330 

km with Tanzania, Malawi, Zambia, Zimbabwe, Swaziland and South Africa. It has a surface 

area of 800,000 km2 and a population of about 25 million, distributed in 10 provinces and 

Maputo city subdivided into 128 district centers (all electrified by national grid), 394 

administrative posts, 1,072 localities and 10,025 villages. The climate is tropical with two 

seasons (rainy and dry) and its network of water resources covers more than 65 rivers. 

 

Due to geographical, economical and historical reasons, the Mozambican provinces are 

distributed in three major regions: the Northern Region, comprising the provinces of Niassa, 

Cabo Delgado and Nampula; the Central Region, with the provinces of Zambézia, Tete, 

Manica and Sofala; and the Southern Region, which includes Inhambane, Gaza, Maputo 

regional province and Maputo City. 

 

The climate is determined by the Indian Ocean monsoon and the warm current along the 

Mozambique Channel. It is, therefore, a tropical climate with two seasons: wet and dry. 
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Mozambique has borders with 6 countries 

of the Southern African Development 

Community (SADC) of which it is a 

founding member. The Country is also an 

Operating Member of the Southern African 

Power Pool (SAPP), which was created 

with the primary aim to provide reliable and 

economical electricity supply to the 

consumers of each of the SAPP members. 

 

Mozambique has an enormous potential in 

terms of its energy resources, which range from natural gas, coal, hydro power, RE and 

biofuels which places the country in a favourable position not only to meet its internal demand 

but also to capitalize on exports to regional and international markets. More importantly its 

geographic position can be used as major advantage in establishing itself as crucial player in 

the regions energy sector, seeing that it serves the surrounding inland countries and acts as a 

link between the Southern African Development Community (SADC) and the Eastern African 

Community (EAC) [2].  
 

Though there is vast energy potential, access rates to electricity are extremely low, in fact one 

of the lowest in the world and inexistent in certain rural areas. Throughout the country 

numerous hospitals and schools have no access to electricity making them partly functional 

only during solar hours. Biomass derived from an estimated 30,6 million hectares of forest, in 

the form of firewood and charcoal, represent about 80% of the total annual energy 

consumption mainly by rural households, and without drastic change to the current situation, 

this biomass will continue to be the only answer to the energy needs of the people living in the 

rural and peri-urban areas.  

 

Biomass, micro hydro, wind, solar, waves and geothermal energy constitute some of the 

renewable energy resources of Mozambique. At the moment, most of Mozambique’s primary 

energy consumption is met by traditional biomass such as wood, charcoal and agro/animal 
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wastes. In rural institutions that operate at night (e.g. health centres), kerosene is the main 

lighting fuel. Over the last few years PV solar energy has been gradually adopted in local 

communities, schools and health centres in rural areas, telecommunications businesses, etc. 

This reflects the fact that the country has substantial solar energy resources. Therefore, what 

is required is the government to undertake the necessary actions to increase access to 

diversified energy sources in a sustainable way, thus contributing to the welfare of the 

population and the country’s socioeconomic development. 
 

Most Mozambicans, even in urban areas, still use firewood, crop residues or charcoal for 

cooking and cook on inefficient stoves, resulting in a high incidence of respiratory diseases 

because of smoke. Many women and girls have to spend hours collecting firewood, and cutting 

trees contributes to deforestation. 

 

 
Figure 2.2. Examples of Firewood in Mozambique 

 

The lack of access to electricity is mainly due to inexistent distribution infrastructure connecting 

the North of the country where production of electricity occurs with the Centre and South of the 

country where consumption levels are the highest.  
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For others, mainly those living in district capitals, diesel generators provide the possibility of 

access to electricity, although most of them are old and provide extremely low quality energy. 

This has further been aggravated by fossil fuel fluctuating prices which at times have also 

made this power source prohibitively expensive [3].  
 

2.1.2 Energy Sector Institutional Framework  
 

The following institutions make up the energy sector institutional framework for Mozambique.  

 

Ministry of Energy (MoE) - which was created in 2005, is the institution responsible for all 

energy related issues in Mozambique. The Ministry of Energy is comprised by three main 

National Directorates - Electricity, Renewable Energy and Liquid Fuels - and is represented at 

a local level in each of the provinces through Provincial Directorates.  

 

Electricade de Mocambique (EDM) - is the electricity utility company of Mozambique and 

was created as a state company in 1997. Its mission was quite broad as it combined the 

managing of the production, distribution and transport of electricity throughout the country.  
Between 1977 and 1992 EDM’s equipment such as transmission lines, transfer and sub-

stations suffered tremendous damages a result of the civil war. During this time all of its 

resources were used in repairing infrastructure and trying to maintain the provision of 

electricity, mostly to the capital city. In 1995, in a move to restructure the country’s economy, 

EDM became a public company. Its attention shifted from simply rehabilitating the damaged 

infrastructure during the war, to begin improving the quality of service provided. It also needed 

to transform itself into a feasible business and it sought to do this by encouraging a competitive 

market at district level. Amongst many changes, EDM strives towards decentralization of 

decision power as well as began to invest in the hydropower development. [4]. 
 
Mozambique Transmission Company (MOTRACO) - Motraco was founded in 1998 as a 

joint venture between three utility companies: EDM – Mozambique; ESKOM – South Africa; 

SEC – Swaziland. The objective for creating this joint venture was to provide electricity to an 

aluminium smelting company, Mozal, based in Maputo. The electricity needed to be imported 
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from South Africa, due to the fact that EDM initially did not have the capacity to provide the 

required 900 MW [4].  
 

Hidroelectrica de Cahora Bassa S.A.R.L (HCB) - HCB is the company that has full control 

over the large hydroelectric power plant of Cahora Bassa. It oversees the production, transport 

and commercialization of the electricity produce by the hydro plant, including exports and 

imports of electricity. The hydro plant itself is one of the biggest dams in the continent and it 

consists of 5 turbines of 415 MW each, capable of producing a total of 2075 MW. The dam is 

located on the Zambezi River in the province of Tete [4].  
 

Policy Reform – The energy sector reform in the 1990’s made it possible for the two main 

energy giants at the time Petróleos de Moçambique (PETROMOC) and Electricidade de 

Moçambique (EDM) to break loose from the monopoly of the state in the sector.  

In October of 1997 with the approval of the Electricity Act no. 21/97, electricity production, 

distribution and sale became open to independent power producers (IPPs), however the 

responsibility for the management of the high-voltage transmission system was reserved for 

EDM, the public entity.  

 
National Council for Electricity (CNELEC) – was established by the electricity low, is a legal 

entity with the financial and administrative autonomy and with the responsibilities of carrying 

out of mediation and arbitration as well as to defend the public interest. Although this institution 

has not been operating at full capacity due to a number of financial and political constrains, a 

project entitled The Energy Reform and Access Project (ERAP) is aiming to transform the 

CNELEC into a regulatory body it was set out to be [5].  
 

Energy Fund (FUNAE) – was created in July of 1997 by Decree no. 24/97 with the aim of 

promoting greater access to energy, in a sustainable manner, as a means of contributing to the 

socio-economic development of the country. FUNAE is a public institution that operates at a 

national level with the objective of financing or providing financial guarantees to projects in 

development and production of energy through alternative modes, which contribute to the 

expansion of low cost energy in rural areas [4]. 
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Lastly, FUNAE and EDM have a bi-lateral agreement which states that FUNAE can act as a 

provider of electricity in areas which are not included in EDM’s 5-year grid expansion 

programme.  

 

2.1.3 Actual status of electrification in Mozambique 
 

a) Connections by the National Grid 
 

According to the energy sector report, all the 128 districts are connected to the national grid, 

although not all of their localities are connected. 
 
Table 2.1. Domestic connections by EDM (2005-2014) [1] 

 

 
Figure 2.3. Number of consumers connected to the national grid 

 
Table 2.2. Number of Districts electrified by national grid [1] 
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Figure 2.4. Number of Districts electrified by national grid 
 
 

 

c) Connections by isolated systems 
Isolated systems consider here are mainly decentralised solar PV systems. Actually, solar 

energy is an option for the needs of energy especially in rural communities where are far to be 

connected by the national grid.  

The access rate of electricity through solar PV is consider high due to the fact that almost 5 

million of Mozambicans have access to this form of electricity. 

The annual report refers that in the last 10 years were electrified by solar PV 201 villages, 669 

schools, 623 health centres and 77 public buildings. [1] 
 
Table 2.3. Number of beneficiaries of PV projects (2005-2014) [1] 
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Figure 2.5. Number of beneficiaries of PV projects (2005-2014) 

 

 

2.2 Energy Sources 

2.2.1 Electricity  
Presently, in terms of its electricity generation nearly all of Mozambique’s production derives 

from hydro resources. The water potential of the Zambezi valley can be described as follows - 

Cahora Bassa South (2,075 MW), the central North (1,245 MW), Mphanda Nkuwa (2,400 

MW), Boroma (400 MW) and Lupata (650 MW); the central Moatize coal plant (1,500 MW) also 

in the Valley of Zambezi; the power station on natural gas of 600 MW to be installed in 

Moamba; and the Hydroelectric Plants of Lúrio (120 MW), Massingir (25 MW), Majawa (25 

MW), Malema (60 MW) constitute the bulk of electricity generation capacity [6], see Fig 2.6.  
 

However, even with this enormous capacity to produce electricity, Mozambique only uses an 

estimated 15% of its HCB capacity whilst exporting the remaining 85% to its neighboring 

countries Malawi, South Africa, Tanzania and Zimbabwe [5]. 
 

The energy access coverage rate increased from 7% in 2004 to 45.3% in 2014, which 

corresponds to more than 11 million of Mozambicans and has contributed in boosting the 

socio-economic activities, translated into increased quality of life and human development 

index in the country. 

 



Renewable Energy for Rural Electrification and Development in Mozambique  

18 
June, 2015 

 

 
Figure 2.6.  Mozambique grid connection map 
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Currently the country has electricity consumption per capita of 453 kWh, which is above the 

average of the region of 155 kWh but well below South Africa’s 4770 kWh per capita per year. 

Peak electricity demand in 2011 was 610 MW (excluding industry). One of the main reasons 

for such a low consumption per capita and low consumption overall has to do with the fact that 

despite EDM’s ambitious electrification programme throughout the country, the access to 

electricity outside densely populated urban areas remains low [7].  
 

However with a fast growing demand from industrial mega projects coupled with a rapidly 

growing population with rising energy needs, the increase in energy demand has been 

significant during recent years. The current annual national energy consumption to roughly 

3,000 GWh and projections of its increase to approximately 20,000 GWh (including industrial 

demand) translates into serious concerns over the future strain that the system will face in 

order to provide electricity with such limited resources [8]. 

 

2.2.2 Renewable Energy 
 
In order to improve the quality of life especially in rural areas where there is a lack of access to 

electricity from the grid, Mozambique is implementing the following 6 types of renewable 

energy discussed in the next few paragraphs.  

 

In Mozambique, the contribution of renewable energies is growing rapidly: from 51.000 

beneficiaries in 2004, has reached more than 5 million people which represent about 18.5% of 

the population in 2014 [7]. 

a) Hydropower 

The country has a known hydroelectric potential of about 18 GW, with the North and 

Centre zones of Mozambique being the richest in hydroelectric resources. Only 

about 2.5 GW of the total potential are developed and an additional production of 

about 4.75 GW were planned to be implemented by 2013, according to the Energy 

Strategy, approved in March 2009. In order for small-scale energy to be installed, 

The Renewable Energy Atlas has indicated the hydroelectric potential of the country, 
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which could play a significant role in the satisfaction of energy needs to communities 

which are isolated and remote from RNT. 

 

 
Figure 2.7. Small hydro of Honde and Majaua in Manica Province 
 

b) Solar Energy 

The average of global solar irradiation in the country is 5.7 kWh/m2/day, with a 

minimum average of 5.2 kWh/m2/day in Lichinga (Niassa), and a maximum of 6.0 

kWh/m2/day in Pemba (Cabo Delgado) and Maniquenique (Chimoio-Manica). This 

resource, although not widely explored, not only holds a potential huge for small-

scale energy supply outside the National Transmission Network (RNT) for the 

scattered population of the country, but also contributes significantly to meet the 

demand for electrical power. 

Some solar photovoltaic systems have been implemented in rural electrification by 

FUNAE, and some Non-Government Organizations and have helped some public 

infrastructures, such as health centres, schools and local communities, etc. 
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Figure 2.8. Solar PV installed in Mozambique 

 

c) Wind Energy 

The wind power contribution to the country's energy matrix is not yet significant. 

However, there is a growing awareness of the importance on the use and enjoyment 

of this resource. 

The wind energy resources in Mozambique have been evaluated in detail in the so 

called Renewable Energy Atlas, but before the R.E atlas was assembled some data 

for average wind speeds at 30m height were already measured in two places along 

the coast of Mozambique (Ponta de Ouro in Maputo and Tofo in Inhambane 

Province), indicating that 6.8 m/s is a good potential for electrical power generation. 

The wind speeds in the hinterland counties are generally lower than 3 m/s which is 

suitable for mechanical water pumps powered by wind, while along the main rivers 

and nearby great lakes (excluding Lake Niassa), these may reach about 4 m/s [10]. 

The Ministry of Energy of Mozambique has undertaken a first 30MW Wind Power 

Project, along with all support facilities and necessary interconnection infrastructure, 

on a Build, Own, Operate and Transfer (BOOT) basis. The Project will be located in 

Inhambane Province near Praia da Rocha in Mozambique. 
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d) Biomass Energy 

Mozambique has about 65.3 million hectares of forest and other vegetation 

formations, with an annual production potential for firewood and charcoal of about 22 

million tons. The current consummation is 14.8 million tons per year (2% Growth 

Rate per year). [9] 

The climate of Mozambique is good for biomass production, including agro 

energetic, which represents a significant potential for biofuels production (biodiesel 

and ethanol), without jeopardizing the availability of land for food production or 

endangering biodiversity conservation. 

In the context of introducing clean and efficient technologies it is highlighted in this 

paper the use of improved cook stoves whose efficiency vary from 60 to 70%. These 

improved devices are introduced both for institutional and domestic use.  

 

 

Figure 2.9. Improved cook stove for institutional and domestic use 
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e) Geothermal Energy 

The Geothermal resource potential has been evaluated in the Renewable Energy Atlas and 

identifies 4 sites as related to existing thermal resources in the Provinces of Tete, Zambezia 

and Niassa with the potential of approximately 200MW and temperatures between 140 0C and 

1600C at depths between 1500 and 2500 metres have been identified. 

 

f) Waves and Tidal Energy 

With a coastline of about 2,800 km and tides varying between 3m and 7m high, 

Mozambique has good potential for the exploration of ocean energy. However, this 

form of energy has not yet been explored. The ocean energy includes wave energy, 

tidal energy, and thermal ocean energy. 

Several technologies for exploring wave energy are already being tested in the 

world, but none of them has been targeted to Mozambique. 

Since Mozambique is a country with a vast coastline and favourable features for the 

use of its marine energy resource, there is urgent need for progress in research and 

development of appropriate technologies to capitalize on the diversification of the 

country's energy matrix. [11] 

 

2.2.3 Renewable energy resource maps 
 

a) Small Hydro Resource Map  

From the existing 5.6 GW of priority hydropower projects, about 3 GW are regarded as very 

competitive, mainly concentrated in large projects (over 100 MW) on the Zambezi river, see 

Fig. 2.10 further below. 
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Table 2.4. Summary of Renewable Energy Potential of Mozambique [11] 
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Figure 2.10. Small hydro resource map and priority projects [11] 
 

 
b) Solar Resource Map 

Solar resource in Mozambique offers many possibilities for grid connection and rural 

electrification projects, totally the country has a potential of more than 2.7 GW, of which 

approximately 600 MW with potential grid connection, see Fig. 2.11. 

 

c) Wind resource map 

Mozambique has a total capacity of 4.5 GW from which 1.1 GW with potential for immediate 

grid connection. Within the 1.100 MW of projects with potential for immediate grid connection, 

about 230 MW are considered projects with high potential, see Fig. 2.12. 
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Figure 2.11. Solar resource map and priority projects [11] 

 

 
Figure 2.12. Wind resource map and priority projects [11] 
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d) Biomass resource map 
Mozambique has different biomass resources for electricity generation, see Fig 2.13: 

 
Forest biomass: Of woody residues from conventional logging or from dedicated plantations; 

  

Biomass from industrial and agro industrial wastes: Agro industrial waste from farms, 

waste materials from manufacturing industries of wood and plant materials; 

  

Cogeneration in the pulp industry: Waste materials from the wood firing process referred to 

as “black liquor”; 

 

Sugar industry: Residual bagasse resulting from the sugarcane crushing process is used to 

produce energy in cogeneration. Sugar cane foliage could also be used for power generation; 

  

MSW: Through incineration with energy production or by deposition in landfills for the 

production of biogas; 

  

Other for off grid: Biogas from small and medium livestock holdings. Also the utilization of 

vegetable oils extracted for coconut or jatropha in dedicated engines (developed in the 

Renewable Energies and Rural Electrification chapter). 

 

 

e) Geothermal resource map 

Mozambique has an estimated geothermal potential of 147 MW, from which 20 MW are 

considered as possible priority, see Fig. 2.14. 
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Figure 2.13. Biomass resource map and priority projects [11] 
 

 
Figure 2.14. Geothermal resource map and priority projects [11] 
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f) Waves resource map 

Based on existing studies, the global potential of wave energy is approximately 2 TW. From 

this value, a very approximate resource potential for the length of the coastline of Mozambique 

can be derived. There are some possible wave and tidal energy test sites that have been 

identified as priority, see Fig. 2.15.  

 
Figure 2.15. Waves resource map and priority projects [11] 

 

 

2.3 Regulatory framework for renewable energy in Mozambique 
 

Mozambique has a huge potential for RE development that can respond to people energy 

needs and therefore solve power supply for rural areas and bring other fuel options; 

 

In order to enhance renewable energy sub-sector, there were approved legal frameworks, as 

shown below: 
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Some of the GoM instruments to support a sustainable development approach are: 

• Investment Law, approved on 24/06/1993 

• Environment Policy, approved on 03/08/1995; 

• Land Policy and Strategy, approved on 17/10/1995; 

• Forest and Fauna Policy and Strategy, approved on 01/04/1997;  

• Land Law, approved on 01/10/1997; 

• Electricity Law, approved on 01/10/1997 

• Water Policy, approved on 30/10/2007; 

• Environment Law, approved on 01/10/1999; 

• Energy Strategy, approved on 10/03/2009; 

• Biofuel Policy and Strategy which was approved on 24/03/2009, show that the 

governments support biofuel development by actively promoting Jatropha as part of 

biofuel strategy; 

• Development of Renewable Energy Policy which was approved on 18/08/2009, defines 

the country policy for new and renewable energies and it aims to promote sustainable 

use of renewable energies sources in order to accelerate access of modern energy; 

• Development of Renewable Energy Strategy which was approved on 17/05/2011, aims 

to put the renewable energy policy into action; 

• Strategy for Conservation and Sustainable Use of Biomass Energy; 

• National Climate Change Adaptation and Mitigation (2013-2025), 2012. 
 

Within the various versions of the previously described Government central policy, the national 

Programme for Reduction and Alleviation of Poverty (PARP) has ensured to continuously 

uphold the perspective that energy is a vital part in reducing poverty and to clearly mandate 

the increase and expansion of electricity supply of to the population.  

With regards to renewable energy, PARP clearly states the need to: “create the capacity to use 

new and renewable energy sources in the country, encourage the development of 

technologies for producing and installing solar, wind and water-powered energy systems, and 

prioritize their installation and use in health centres and schools.” (PARP, 2011). 

 

The establishment of regulatory framework for RE in Mozambique, gives opportunity for 

sustainable use and development of renewable energy above are related instruments: 
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a) Development Policy of New and Renewable Energies (2009) - promotes the use and 

exploration of available renewable energy sources in order to accelerate access to modern 

forms of energy as well as creating a favorable investment platform in this sub sector, 

establishing principles and objectives to help answering the energy needs and development in 

Mozambique, particularly in rural areas and it aims to: 

• Promote the provision of qualified new and renewable energy services at 

affordable prices, particularly in rural areas; 

• Promote the use of new and renewable energy sources; 

• Strengthening the local and national energetic security; 

• Reduce the local and global environmental negative impacts; 

• Promote the technological development of the new and renewable energy sub 

sector; 

• Create a competitive market for new and renewable energy; 

• Contribute for income and employment generation, including self-employment 

and combating poverty at the local and national level; and 

• Contribute to the achievement of the Millennium Development Goals (MDGs). 

 

The Development Policy of New and Renewable Energies encourages the use of renewable 

energy mainly for rural areas, and highlights the energy needs of rural sector as mainly for 

cooking of food and collection of firewood and that these can easily be supplied with biomass 

and human energy and for the public, commercial and industrial sector it promotes 

technologies such as PV systems for lighting and cell phone battery charging, and wind 

turbines as water pumps.  

 

b) Biofuel Policy and Strategy (2009) - that describes Mozambique’s vision for biofuels, 

guaranteeing their presence in the energy sector. And in 2011 were established the blends of 

biofuels regulation which the proportions of the mixture are petrol to ethanol, 90:10; and diesel 

to biodiesel, 97: 3 (%); 
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c) Development strategy of new and renewable energy (2011) - The Development Strategy 

for New and Renewable Energies (2011-2025) guides the development plans and 

implementation of projects of use and conversion of renewable energy sources, prepared in 

order to feed the national energy needs to sustain economic and social development and 

support poverty alleviation programs.  

 

In the case of Mozambique (which this thesis is focused on), the strategies for satisfying 

energy needs in off-grid areas must consider available energy sources and their economic 

viability of exploiting for the benefit of the local population and regional development. Off-grid 

energy supply is more complex than electricity supply because it usually requires more than 

one energy sources to meet the needs that electricity alone could supply. 

 

With this strategy the main lines of action are set out and define the indicators of success, 

guiding the development of renewable energy subsector, off-network and in-network. The main 

strategic objectives are:  

 

• Improve the access to energy services of a better quality, through renewable energy 

sources; 

• Develop the technologies in order promote the use of renewable sources; and 

• Promote investment from the public and private sectors in renewable sources.  

 

The strategy is subdivided into two main strategies: Strategy On-Grid and Strategy Off-Grid, 

with the main difference being that Strategy Off-Grid aims to assure lowest cost and maximum 

access the rural populations and to and Strategy On-Grid aims to promote the supply of 

energy to the grid.  

 

d) Strategy for Conservation and Sustainable Use of Biomass Energy (2013) - followed by 

the Energy Development Policy for New and Renewable and other legislation such as the Law 

of Forestry and Wildlife that guides to a use of approach and rational and sustainable use of 

biomass energy, being necessary to the effect structure the intervention platform to achieve 

the objectives of the vision of the Government of Mozambique. 
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The Strategy for Conservation and Sustainable Use of Biomass Energy aims to promote 

sustainable production and use of energy woody biomass through the adoption of alternative 

sources of energy thereby contributing to energy security in the domestic and industrial sector. 

Specific objectives: 

• Introduce and popularize alternative energy sources to replace firewood and charcoal; 

• Discourage the use of woody fuels as a primary energy source; and 

• Strengthening institutions in monitoring the value chain of woody fuels. 

 

2.4 Investment policy context  
 

Overall, the investment framework in Mozambique is today governed by two pieces of 

legislation: the Investment Law 3/1993, and its updated Regulations, the Decree 43/2009 

which cover investments in Renewable Energy since there isn’t an specific investments low for 

Renewable Energy in Mozambique. 

The objective of the Investment Law, when it was promulgated in 1993, was to be in line with 

the Economic Recovery Plan and the then new Constitution. It reflected the will of the 

government to conduct open economic policy without distinctions based on investors’ origin, 

and to provide all investors with equal rights and obligations. Among others, the Investment 

Law offers protection guarantees and includes provisions on the resolution of disputes. 

Although neither national nor foreign investors are obliged to comply with the Investment Law, 

only investors that follow the Law’s provisions will have access to “investment licenses” from 

the CPI. In turn, while this license is not mandatory for business operations, the benefits and 

provisions of the Investment Law apply only to those investors who hold it.  

 

Decree 43/2009, meanwhile, is an update of earlier Regulations (Decree 14/93) that were 

related to the Investment Law. It abrogates all the provisions of Decree 14/93, except for 

Article 4 pertaining to the creation of the Mozambique Investment Promotion Centre (CPI).  

In 1999 Mozambique set up its first Industrial Free Zone Council, which approved the Mozal 

aluminium smelter free enterprise zone. On the policymaking front, the Investment Council was 

created by Decree 44/2009 as the government body at the ministerial level responsible for 

designing policies to promote and attract investments, and for submitting these to the Council 

of Ministers.  
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As for investment promotion, the CPI took over operations as the national investment 

promotion agency in 1992 (replacing the earlier Office for Promotion of Foreign Investment). 

CPI, together with the Office for Accelerated Economic Development Zones (GAZEDA), has 

been put in charge of implementing the 2008-2012 ‘Strategy for improving the business 

environment’. This Strategy follows in the steps of the 2008 Decree on Simplified Licensing, 

and shares the latter’s objective of simplifying and improving doing business. In 2009 the Code 

of Fiscal Benefits additionally harmonized investment incentives (accessible to international 

investments with a value of at least USD 100 000), although some specific sectors continue to 

operate under separate benefit laws [13]. 

 

2.5 Incentives for Promoting Renewable Energy Technologies 
 
Mozambique lacks developed industrial sector capable of make machinery, equipment and 

other inputs for renewable energy uses, such as the equipment for capturing solar energy and 

using photovoltaic panels and batteries.  

 

It has been recognized that specific incentives will be needed to encourage private sector 

Independent Power Producers (IPPs) to invest in renewable energy generation capacity for 

both isolated systems and injection into the national grid. However, there are two incentives 

that can be used to promote Renewable Energy Technologies: 

 

• Exemption from VAT on import and internal transactions to reduce the initial and overall 

transactional cost of specified renewable energy equipment, the Government supports 

the investment by exempting or reducing the payment of certain taxes for some 

projects, for example the value added tax (VAT)=17% of the invoice value, the import 

duties and the corporate income tax (IRPC)=32% of the invoice value; and 

• The use of a special tax and incentive regime to encourage domestic manufacturing of 

specified renewable energy equipment, possibly through the use of industrial free zones 

or other investment regimes. For example, from 2008, solar energy equipment is not 

subject to import excise duties and taxes, although subject to 17% VAT of the invoice 

value. 
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2.6 Tariff Schemes  
 

Grid-connected  
 

One approach commonly used in several countries with a view to promote sustainable use and 

exploration of renewable energy resources is based on the introduction of special tariff 

schemes, which is the case of network access fee (Feed-in-tariff), a regulatory instrument that 

allows favourable treatment to investment in new and renewable energy in-network.  

Mozambique has approved recently the Renewable Energy Feed in Tariff as form of regulation 

and it covers solar, wind, hydro and biomass technologies. 

 

Off-grid   
 

The power supply outside the network, when approached on the basis of a rendered fee-for-

service (regulated tariff), is organized to allow the energy service providers to recover, in its 

entirety, the capital and operating costs of energy services provision, as well as obtain 

reasonable profit margins.  

 

Alternatively, the rate of out-of-network can be liberalized to ensure a rate of return, agreed in 

the Concession Contract or License. If there is a need to regulate its tariff, a subsidy scheme 

will be associated. This approach controls the rate of return on investment (reduces project 

costs - lower risk for the investor) but increases the risk of the state (rates can be high, which 

require subsidy to limit them).  

 

The process of setting tariffs follows a number of steps as follows: 

i. Long Run Average Costs (LRAC)     

𝑝 = 𝐴𝐴 =
∑ 𝑇𝑇𝑇𝑇𝑇 𝐴𝑇𝐶𝑇𝐶𝑛
𝑖=1

𝐸𝐸𝑝𝐸𝐸𝑇𝐸𝐸 𝐴𝐴𝐸𝐴𝑇𝐴𝐸 𝑃𝑇𝑃𝐸𝐴 𝑃𝐴𝑇𝐸𝑃𝐸𝑇𝑃𝑇𝑃 ∗ 𝑇 ∗ 12
        𝐸𝐸. 1 

 

Where: 

t = time of project duration 
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ii. The rate of return which is determined as the weighted average of real cost of capital 

𝐴𝑇𝑇𝐸 𝑇𝑜 𝐴𝐸𝑇𝑃𝐴𝑃 =
(𝐸𝐸𝑃𝑃𝑇𝐸 𝑝𝑇𝐴𝑇𝑃𝑇𝑃) ∗ (𝐴𝑇𝐶𝑇 𝑇𝑜 𝐸𝐸𝑃𝑃𝑇𝐸,𝑝𝑇𝐶𝑇 𝑇𝑇𝐸, 𝐴𝐸𝑇𝑇)
(1 − 𝑇𝑇𝐸 𝐴𝑇𝑇𝐸) + (𝐷𝐸𝐷𝑇 𝑝𝑇𝐴𝑇𝑃𝑇𝑃) ∗ (𝐴𝑇𝐶𝑇 𝑇𝑜 𝐸𝐸𝐷𝑇)

         𝐸𝐸. 2 

 

Where: 

 

 

 

 

 

 
 

Equity can defined as the differential between total assets and total liabilities. Therefore, equity 

portion will be the ratio between the equity for total assets. 

 

iii. Cost of assets, represent the cost of capital 

      
iv. Depreciation costs, are the costs of depreciation of the assets used for the propose 

of conducing electricity generation during the period of project duration.  

v. Some other costs can be summarized as all additional costs incurred in the process 

of power generation and related services. 

 

2.6.1 The REFIT (Renewable Energy Feed-in Tariff) 
 

The National Strategy for New and Renewable Energy that aims to create opportunities for 

accelerating national expansion in power capacity and connectivity through attracting new 

IPPs includes proposals to develop and introduce a Feed in Tariff (FIT) encourage the growth 

of renewable energy. 
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The developed Feed-in tariff for wind, solar, biomass and hydropower generation will also 

promote private investment in generation capacity as well as create opportunities for 

accelerating national expansion in power capacity and connectivity through attracting new 

IPPs, and, it is important to notice that that:  
 

• The REFIT for Mozambique is designed for hydro, wind, solar PV and biomass 

renewable energy projects that are less than or equal to 10MW. The REFIT tariff will 

apply only to projects up to 10MW because projects greater than 10MW present varying 

cost characteristics which cannot be generalized. Thus, such projects will be supported 

by a competitive bidding process;  

• The candidate projects must prove that they are viable in all respects: technical, 

environmental, financial, regulatory, legal and economic and located within a feasible 

distance to the grid; 

• The REFIT Program is established on a cost-plus-return structure that will adequately 

enable the private sector to develop these resources; 

• Under the proposed REFIT Program, the electricity generated by the IPP is supplied on 

the high side of the step-up transformer which brings the plant output to the Grid voltage 

level. The power (revenue) meter is placed on the high side of the transformer. For the 

Electricity of Mozambique Company (EDM, in Portuguese) this is the connection point to 

the Transmission/Distribution Grid. Beyond the step-up transformer, the CAPEX for the 

REFIT tariff does not include transmission/connection or power (revenue) metering 

costs. Consequently, the REFIT is to be paid on the IPP generation project site on the 

high side of the step-up transformer. The power (revenue) meter to the 

Transmission/Distribution Grid is owned and maintained by EDM which shall bear the 

associated costs; 
 

• The REFIT shall be payable in Mozambican Meticais (MZN). The PPA shall reflect a 

reference REFIT in US$ converted from this REFIT to MZN at the bid exchange rate (or 

another hard currency by the mutual agreement of the parties to the PPA, converted at 

the cross exchange rate of the Bid Exchange Rate and at the specified time) so that the 

project developer does not take any currency exposure. 
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2.7 Renewable energy market  
 

In Mozambique, the electricity sector can be divided into three mains types of institutions: 

a) Producers; 

b) Distributors; and 

c) Regulators. 

 

For Renewable Energy market in Mozambique, interventions need to target capacity issues 

(institutional expertise, planning and implementation, import, distribution), technical issues 

(technical and safety standards, sourcing of systems and components, local 

manufacture/assembly) and fiscal issues (costs and subsidies, taxes, incentives, finance, 

tariffs).  Renewable energy technologies that hold particular promise for Mozambique include 

hydroelectric plants, wind farms, solar PV applications, wind pumping and biofuels. 

 

There are a number of small but emerging informal markets generated by use of off-grid 

energy sources which in future may develop. These include the use of batteries to source 

energy for One Cell selling points, charging of cell phones and single power illumination in 

rural and urban areas. 

 

The solar energy, i.e. solar PV systems, has become popular in Mozambique. In rural areas it 

is counted among the main sources of energy both for use and storage. The use is mainly 

directed to houses, schools, small shops, telecommunication, health centres, water pumping 

(fountains), canteens and battery recharge centres. As storage, it is mostly used to recharge 

(car) batteries that would be used for telecommunication purposes, lighting in canteens, 

houses, small shops and for powering utilities (such as radio, music system and TV). Below 

are some initiatives created for marketing development in Mozambique: 

 

a) PV solar modules assembling plant: A factory for production (assembling) of 

photovoltaic modules with a capacity of 5 MWp per year have been constructed in the 

province of Maputo; 
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b) Pico photovoltaic systems assembling factory: A private factory has been 

established in Maputo in the last two years for assembling of pico solar photovoltaic 

systems. Now it is assembling kits of 1.5 Wp (watt peak) 2.5 Wp and 5.0 Wp for 

household lighting, powering of small radios and charging cellphones. It is expected 

that in a near future it will assemble 10 Wp to 20 Wp kits for schools and health centers 

electrification and for powering appliances like DC televisions and laptops. 
 

 
2.8 Needs of Energy Services Off-grid 
 
The most basic needs to satisfy the energy supplies in areas out-of-network are lighting, 

refrigeration, water pumping, power supply for radio and television/entertainment and 

communication systems. There are several technological solutions to meet these basic needs 

with renewable energy sources.  

 

Due to the nature of these energy applications (aimed at micro/mini consumption), the SIE 

(Isolated Energy Systems) will be composed by individual equipment to meet individual energy 

needs (technologies of direct use of resources or the electric generation equipment for micro 

and mini scales). 
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Table 2.5 Typical Energy Applications off-grid 
 

 
 

 

Energy 
Applications 

 

Families 
Community 
and Public 
Services 

Trade and 
Industry 

Identified Problems/Solutions  

 

 

 

Lighting 

X X X 

Traditionally, fire provides basic lighting, but the lighting quality is poor, and 

the source poses a risk to health (smoke inhalation) and fire, especially if 

used inside houses. The candles provide a portable light source, but are 

considered expensive and the quality of lighting is also poor. The oil lamps 

are relatively common, with a light source of the best quality and more 

versatile than the candles, with adjustable intensity, yet they present a risk of 

inhalation of smoke and fire. 

The electric light, powered by a battery, provides a lighting of better quality. 

The battery can be recharged during the day, with a photovoltaic solar panel 

or any other generator source of electricity. 

 

Refrigeration 

X X X 

The preservation of food is traditionally made of drying or salting method. 

Fresh products and dairy products are not part of the traditional diet, once 

they easily deteriorate if there is no means to refrigerate. The photovoltaic 

panels generating electricity, oil and domestic gas are sources typically used 

in fridges and freezers, also for refrigeration of vaccines. 

 

Water Pumping 

 X  

In rural areas the hand pump is a common means by which the communities 

get their water. The open wells are common in areas where the water table is 

high. Very few wind pumps are installed, although this is a proved technology 

and despite the winds, this application is considered good in most areas.  

Solution: The use of photovoltaic solar pumps constitutes a solution for 

locations where the depth of the water table is lower and has proved a viable 

alternative for these areas. 

Apparatus of 

Radio and TV/ 

Entertainment X X X 

Typically radios are powered by batteries. Solar panels are used to power 

batteries that support the consumption of televisions and optical readers. The 

mass expansion of rechargeable batteries and solar chargers may have a 

positive impact on environmental conservation and can significantly reduce 

the current costs of purchasing batteries.  

 

 

 

Communication 

X X X 

The solar panels are used for a long time to feed both maritime signalling 

systems on public roads as well as for telecommunication systems. The 

mobile phone network that covers all urban areas of the country tends to 

expand itself, so the entire rural population has access to this means of 

communication. The mobile phones increasingly used by the rural population 

need energy to charge the batteries, and this energy, is mostly supplied by a 

photovoltaic solar panel and in some cases, by a small wind generator.  

The Internet is increasingly the medium of communication, training, 

information and business, and the access to it is a requirement for inclusion in 

modern society 
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2.9 Identified solutions for rural electrification 
 

There are critical factors and decisions to consider when selecting technology for a rural 

electrification project. Choosing the appropriate system and technology can be the difference 

between success and failure of a rural electrification project. 

 
2.9.1 Technology selection for rural electrification 
 

Once it has been selected the area to be electrified, the first step is to decide which technology 

is most appropriate based on availability of energy potential and a pre-feasibility study from the 

area according to the local grid conditions whether existing or not. 

 

The technological choice should take into consideration information on potential customers 

and their expected energy consumption, productive potential, ability and willingness to pay 

among the various sectors, their requirement of reliability of supply, information on distance to 

existing grid and availability of local energy resources. 

 
a) Off-grid solution 
 

For these areas that are far from the grid connection or are not planned to be covered by the 

national grid in the next 5 years (according to Mozambique’s electrification plan), off-grid 

solutions that includes both isolated distribution grids (mini-grids) with central power generation 

and individual stand-alone systems are more appropriated.  

The most identified challenges in off-grid systems are the local operation and maintenance 

arrangements as well as the local marketing for the appliances. 

 
b) Isolated grid solution 
 

The production technology will depend on available local resources (small hydropower, diesel 

generator, hybrid diesel-renewable, or other renewable technologies). The final choice of 

technology must be based on the recipient country’s overall strategic priorities;  
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Where the customer base is relatively strong and a feasible local energy resource is available, 

an isolated grid network with local power generation should be considered taking into 

consideration that in the isolated grid is not connected to national transmission grid. 

 

c) Stand-alone solution 
 

Mozambique has so far implemented stand-alone systems based on solar PV in rural areas 

and it is found as a good initiative for energy supply. Stand-alone systems are power supply 

systems that only cover the needs of one single user such as household, farm, etc. where the 

customers are living dispersed and little or no productive use of electricity, stand-alone 

systems should be considered. Solar PV systems are often considered the most feasible 

alternative. However, the electricity from PV systems is normally limited to household lighting 

and other simple applications, and it is not sufficient for productive uses requiring high power 

or much energy. 
 

Other technologies such as small-scale wind power may be relevant. Where water resources 

are available Pico/micro hydropower and solar pumping systems should be considered for 

small communities. 

 

d) Combined solutions 
 

Hybrid systems are another approach towards decentralized electrification, basically by 

combining the technologies presented above. They can be designed as stand-alone mini-grids 

or in smaller scale as household systems. Three different types of hybrid systems have been 

applied in developing countries, including:  

• Photovoltaic Generator and Diesel Generating Set (Diesel Genset); 

• Wind Generator and Diesel Genset; and 

• Photovoltaic and Wind Generators. 
 

Although other renewable energy resources than solar and wind can in principle be used in 

hybrid systems as well, this has so far been limited to pilot projects in industrialized countries 

and have not yet gained importance in developing countries. 
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Table 2.6. Combined solutions and appropriate technologies for rural electrification 
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2.10 Energy efficiency 

The global efficiency of energy use can be divided into two components, namely: 

conversion efficiency of energy supply and end-use efficiency of energy. 

 

The energy conversion efficiency depends on the efficiency of energy conversion 

technology (equipment, devices) – for example, the amount of consumed energy in 

the manufacture of photovoltaic solar panels or windmills, or the production and 

processing of bio fuels. 

 

A modern society operates only with the use of one or more forms of energy. The 

rationalization of its use provides a better quality of life, consequently generating the economic 

growth, employment, self-employment and competitiveness. An action policy on energy 

efficiency aims at the use of techniques and practices that promote the use of "smart" energy, 

reducing costs and producing gains in the perspective of sustainable development. In this 

context, the aim is to provide a variety of energy efficiency services, preferably from renewable 

sources, which can be optimally combined,   enhancing the national development.  

 

The energy efficiency sets the strategic action that aim to promote the provision of energy 

services with a variety of energy sources, preferably renewable and efficient technologies, and 

promote the use of efficient energy equipment such as compact fluorescent lamps. 

 

The technologies involving lighting systems have developed rapidly in recent years, making 

equipment more efficient and durable. This is how the technology used in incandescent lamps 

became obsolete. The already established technologies such as compact fluorescent lamps 

provide greater amounts of light with an energy cost much lower than incandescent 

technology. 
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The promotion for the use of energy-saving lamps is an energy conservation measure of 

capital importance because in this way it optimizes the use of energy resources and reduces 

negative impacts on the environment. 

 

2.11 Economy and development 
 

The government of Mozambique has developed a number of strategies to accelerate economic 

development and fight poverty. Infrastructure features as a key driver of growth in many of 

these strategies. The 2011 Social and Economic Plan, for instance, identifies infrastructure 

sectors (transport, communications, water and electricity) as key engines of economic growth, 

in addition to agriculture, fisheries, extractive industries and manufacturing. A number of 

sector-specific policies and strategies have also been put in place.  

 

In 2014, the Government of Mozambique approved the National Strategy of Development 

aimed to the participation of the national  private sector in the process of diversification of the 

country's productive structure and should include two lines of action [15], namely: 

 

(i) Strengthening the corporate segment, through the expansion of its capacity to mobilize 

resources for new investments, either individually or in partnership with other national or 

foreign investors including in Renewable Energy investments; and 

 

(ii) The establishment and consolidation of a significant segment of small and medium-sized 

enterprises, making them more efficient and sustainable in the medium and long term.  

 

Notwithstanding the increasing inclusion of Mozambique in the globalisation process, social 

and political stability in the country require a positive discrimination policy of empowerment 

designed to technically and financially develop the emerging Mozambican entrepreneurial 

sector. Management of this process should be thorough, comprehensive and transparent. 

Aware of their social responsibility and endowed with knowledge for professionalized 

management, Mozambicans should gradually and consistently take up an influential role in the 

economy and in valuing national wealth. 
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National citizens with capital should be more creative and have medium and long term points 

of view. In this process, focus should aim at increasing the enterprising and management 

capacity among Mozambican entrepreneurial sector, developing a culture of savings and 

investment, fulfilling contracts, and regularly paying taxes.   

 

Both Mozambican’s entrepreneurs and citizens should abide by their tax responsibilities, thus 

contributing to the better functioning of hospitals, schools, public services, and to the regular 

repair and maintenance of roads and equipment. 

 

Economic growth should be comprehensive and sustainable, conducing to poverty reduction, 

to the creation of wealth within the framework of continuous development, and should promote 

comparative advantages, privilege endogenous variables and broaden the internal market, and 

find a solution to social inequity and regional asymmetries. 

 
Poverty in Mozambique is a generalized phenomenon, but mostly in the rural areas. More than 

half of the country’s population live in absolute poverty, but its prevalence is higher in rural 

areas, where most of the population make their living out of agriculture. Rural development 

plays an important role in reducing poverty, because rural families get their income directly 

from agricultural and non-agricultural activities that have a strong link with the local agricultural 

economy. For that reason, to reduce rural poverty is crucial to enhance schooling levels and to 

make agriculture improve, including productivity and access to technology and markets.  

 

In developed countries, income per hectare in agriculture increased and is at least 10 times 

higher than that of poor countries. This substantial growth in the income levels has been the 

result of advances in agricultural research and technology, including biotechnology, with a 

parallel increase in the productivity of capital and labour. 

 

Structural transformation of economy should be based on agricultural development. This would 

reaffirm the constitutional principle that land belongs to the State and that the State should 

ensure Mozambicans have access to effective allocation of land, and regulate commercial 

transactions involving land use and tenure. Mozambique has a large agricultural potential, 
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whose success depends on a rural development policy that promotes human factor, and 

particularly women, who are the majority in rural populations.  

 

Without the involvement and active participation of local communities and women it is not 

possible to achieve development goals, particularly those related to rural development. The 

strategic option of community development in Mozambique is related to the enhancement of 

national capital, so that development takes place, rather than just economic growth. Financial 

capital acquired in Mozambique should benefit agricultural productive activity and national 

manufacturing industry.  

 

Fast growth of small- and medium-scale agro-industry should happen under an institutional 

framework established from the district level upwards, as this is the way for increasing demand 

by the rural poor, resorting to external savings, together with investment of internal savings in 

developing social and human capital and in using land and labour as peasants’ initial capital. 

 

The improvement of access to education and health services, access to credit and to local and 

international markets by rural families, as well as investment in infrastructure, particularly in 

access roads, should play a key role in a rural development strategy.  

 

Mozambique’s macro-economic policy, outlined in the three-year Poverty Reduction and 

Growth Facility, aims to ensure macro-economic stability while improving social services in 

order to boost economic growth to rates that will reduce poverty. 

 

Mozambique’s Constitution states that agriculture is the basis for economic development, in 

the sense that development of all other sectors should be based on and supported by 

agriculture. In fact, subsistence agriculture employs the vast majority of the Mozambican 

population, mainly those living in rural areas. 
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2.12 Cross-cutting issues  
 

For the success of the outlined objectives in the Strategy is of vital importance to the 

consideration of cross-cutting issues, as contained in the principles that guide this strategy as 

in the cases of gender equity, implementing programmes to mitigate the effects of HIV/AIDS, 

food security and nutrition, science and technology, environment and energy efficiency.  

 

2.12.1 Gender  
 

Equal opportunities are a key factor for sustainable development, particularly in areas where 

this inequality is greater especially in developing countries.  
 

For gender issues, the sector defines the following strategic action:  
 

• Creating conditions to facilitate access, use and exploration of energy resources for 

daily activities by women and men, contributing to improve the livelihoods of families 

and settlements.  

 

2.12.2 HIV/AIDS  
 

The 2025 Agenda tries, in this manner, to point out the way that the various actors in society 

and economy at large should follow to rescue our country from poverty, misery and 

underdevelopment [14]. 
 

The World Bank estimates that in 2025 the overall population will be at 28.1 million if the 

HIV/AIDS effect is taken into account. 

 

In order to prolong and improve the living quality of people infected with HIV and AIDS 

patients, the energy sector defines the strategic action that aims to improve the living 

conditions of the Mozambican people through access to electricity or other renewable sources 

of better quality of service and security.  
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2.14.3 Environment 
 

Differently from fossil fuels, renewable energies are not exhausted, but their exploration and 

use must be sustainable. Energy is at the heart of the problem and should also be at the core 

of the solution. In this scenario, renewable energy plays a key role in reducing emissions of 

greenhouse gases and reduce the foreign energy dependence.  

  

In order to actively promote environmental conservation, to reduce the devastation of forest 

cover and reduce emissions associated with energy consumption, the sector defines the 

following strategic actions: 

  

a) To promote the management and use of environmentally healthy forms of energy;  

 

b) To create conditions for greater participation of society in the management and 

preservation of the environment, taking into account that society is the biggest user of 

natural resources and is more affected by environmental degradation.  

 
Among others, one of the examples to consider is the construction of new hydropower projects 

that do not cause undue damage to the environment, especially with dam construction. 
 
 
3 DATA COLLECTION 
 

3.1 Case study - Electrification of Mangungumete primary school 
 
Renewable energy receives a great deal of attention as contributor for solving today’s energy 

challenges. 

 

According to de developed Renewable Energy Atlas, Mozambique has huge potential to 

produce electricity that can meet the energy needs of populations in rural areas without access 

to the national grid and also to contribute to a diverse energy matrix for the country. 
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The expansion of access to electricity through renewable energy is resulting in expanding 

economic activity and the supply of jobs, in improving access to education during the evening 

hours and to health, and in a reduction, albeit limited, in deforestation.  

 

A field visit was done to a Primary School in the Inhambane Province, located in the South part 

of Mozambique to study the conditions in order to electrify the school through solar panels. 

The primary school of Mangungumete is located in Inhassouro district which is located in the 

north of Inhambane Province, with a population density of about 11 inhabitants / km2. The 

electricity that supplies the district is produced from natural gas, however, the existing 

distribution network is greatly limited in its reach.  

 

  

F 
Figure 3.1. Map of Mangungumete location 

 

The main goal to be achieved with this study is to identify the conditions to design a 

sustainable system that will allow the use of communication technologies providing best quality 

education and life for the Mangungumete Village. 
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The objective of this study is basically to support the expansion of education services through 

the electrification of Mangungumete that will also allow access to more jobs due to introduction 

of evening classes at the school. This study intends to create an endogenous technological 

capacity for effective use of solar energy resources for different purposes. 

The results herein would provide the necessary base for the practical dimensioning of the 

installation of photovoltaic solar systems for the purposes of school electrification, including the 

residence of the director and teachers.  

 

3.1.2 Characteristics of the school and its energy need  
 

According to the data collected during the survey it was found that two blocks exist within the 

school built by conventional material, a block containing three classrooms and the 

administrative part namely director’s office and secretary and the second block containing four 

classrooms. There are beyond the two blocks also another small building with three bathrooms 

with two divisions each. The separation between the two blocks is 45 m. 

 

At 61.75 m distance from the second school block is located the residence of the director of 

school, built by conventional material, consisting of two blocks - a block that contains two 

bedrooms and one living room, and the second block containing two pantry and a bathroom 

and finally one latrine.  

The school yard contains also seven teachers’ residences of non-conventional material with a 

division in each residence. The residences of teachers are separated from each other by 

distances ranging from 8.5 m to 34 m.  

 

3.1.3 Data collection and energy needs for school electrification 
 

Table 4.2 below lists all demand points in the school and summarizes the necessary power 

supply parameters. From the collected data it can be deducted that a total of 141 lamps of 

11W each would be necessary to cover all lighting load for the proposed extended evening 

hours of school activities in Mangungumete.  
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Figure 3.2. Mangungumete Primary School   
 

 
 
Table 4.2. Data collected for the estimation of local energy demand 
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3.2 LEAP MODEL  
 
For the analysis of the energy consumption and projections for Mozambique, the use of a 

LEAP model was proposed (Long Range Energy Alternative Planning System), developed by 

SEI (Stockholm Environment Institute). Project scenarios of GHG emissions’ variation in 

Mozambique until the year 2030 have been modelled and evaluated against a "Baseline" 

scenario for 2010 - 2030. 

 
Considering that Mozambique has the potential of alternative energy sources able to respond 

to increasing demand for energy solutions, policy actions and the mitigation strategies tend to 

stimulate LPG consumption for cooking, due to its cleaner characteristics, the dissemination of 

stoves and solar ovens, promoting cleaner and renewable energy sources, reducing the 

impacts of use of biomass over the surrounding forest resources, implementation of energy 

community spaces (EEC), using solutions and alternative energy sources, promotion of energy 

efficient and clean public transport systems and the use of vehicles to cleaner alternative fuels 

(natural gas, LPG, bio-ethanol and biodiesel); generation of electricity based on mini hydro, 

use of photovoltaics, wind, and solar thermal energy. 

 
 
4 RESULTS AND DISCUSSIONS  
 
4.1 Status of electrification in Mozambique  
 
According to the below data (see Table 4.1 and Fig. 4.1), the access of electricity increase 

from 7% in 2005 to 45.3% in 2014 and the number of beneficiaries from 1.6 to 11.3 million in 

the same period due to the massive electrification plans and strategies implemented and also 

the reaffirmation in use of renewable energies in Mozambique.  
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Table 4.1. Evolution of electrification in Mozambique [1] 

 
 
 

 
Figure 4.1. Evolution of electrification in Mozambique 
 
 

4.2 Electrification of a school using PV system 
 

Taking into consideration that for domestic use the price of electricity is actually 2.8 Mt/kWh, 

and assume that the daily energy consumption is approximately 12 kWh/day/household, the 

simple payback period for recovery of the investment can be calculated: 

 

𝐷𝑇𝑃𝑇𝐸 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝐶𝑇 = 𝐷𝑇𝑃𝑇𝐸 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝑃𝐶𝑃𝐶𝑝𝑇𝑃𝑇𝑃 ∗ 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝐶𝑇 = 33.6 𝑀𝑇𝐶/𝐸𝑇𝐸 

𝑀𝑇𝑃𝑇𝑇𝐸 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝐶𝑇 = 30 𝐸𝑇𝐸𝐶 ∗ 𝐷𝑇𝑃𝑇𝐸 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝐶𝑇 = 1008 𝑀𝑇𝐶/𝐶𝑇𝑃𝑇ℎ 

𝐴𝑃𝑃𝑃𝑇𝑇 𝐴𝑇𝐶𝑇 = 𝐷𝑇𝑃𝑇𝐸 𝐸𝑃𝐸𝐴𝐴𝐸 𝐸𝑇𝐶𝑇 ∗ 365𝐸𝑇𝐸𝐶 = 12264 𝑀𝑇/𝐸𝐸𝑇𝐴  
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𝑅𝐸𝑇𝑃𝐴𝑃 𝑇𝑜 𝑃𝑃𝐴𝐸𝐶𝑇𝐶𝐸𝑃𝑇 =  
𝑇𝑇𝑇𝑇𝑇 𝐸𝑃𝐸𝐴𝐴𝐸 𝐴𝑇𝐶𝑇 𝑇𝑜 𝑆𝐸𝐶𝑇𝐸𝐶

𝐴𝑃𝑃𝑃𝑇𝑇 𝐴𝑇𝐶𝑇
= 25.14 𝑌𝐸𝑇𝐴𝐶 

 
From the calculations it was estimated that 25.14 years is a suitable value to recover the 

investment, which can be accepted in the political point of view. Note that the solar panel price 

are decreasing due to existing factory for production (assembling) of photovoltaic modules with 

a capacity of 5 MWp per year have been constructed in the province of Maputo.  

 
Table 4.3. Total system specifications for electrification of school 

 
 
 

4.3 Maintenance of PV systems 
  
For the PV systems at schools, there are various maintenance models in place, depending on 

the project under which the PV systems have been installed. Although the maintenance issue 

and the protection from theft might be a big challenge in rural communities, presently three 

main approaches can be distinguished for PV system maintenance at social infrastructures:  
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1. Through the general education sector maintenance structures (the Ministry of Health has a 

maintenance department that is in charge of planning and supporting maintenance tasks); 

2. By a company sub-contracted by the Energy Sector (it applies to the PV systems financed 

under the Donors);  

3. Through a local Management Commission: this presently applies to PV systems installed 

under village electrification schemes commissioned by Energy sector (The maintenance model 

foreseen for the village PV scheme is described by procedure manuals established by 

FUNAE). 
 
4.4 LEAP Modelling program  

4.4.1 Projections of the population in Mozambique 
 

 
Figure 4.2. Projections of population of Mozambique [INE and Word Bank Data] 

 

The medium variant according to UN, reveals that the population will grow to about 24.5 million 

in 2015 and will be about 31 million in 2030. Variant High and Low Variant UN suggest a 

population size 33 million and 29 million people respectively in 2030. Apart from the size, also 

the composition of the Mozambican population in terms of Urban and Rural expected to 

change considerably in the coming decades.  
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Note that the urban population is expected to grow considerably faster than the rural 

population, accounting for the typically increasing trend of relocation from the rural areas 

towards the urban centers.  

 
It is estimated that the population living in urban areas will increase to about 60% in 2030, in 

absolute terms it will increase from about 8 million in 2007 to 19 million in 2030.  
 

4.4.2 Energy demand 
 
a) Energy demand by type of energy carrier 
 

According to the chart below, it is important to notice that largest consumption of energy in 

Mozambique is not electricity but is in fact biomass energy (firewood and charcoal).  
 

Thousands of GWh are consumed annually by more than 80% of the population who burn 

firewood and charcoal as means of responding to their energy needs. Therefore the supply 

and demand of biomass energy is the true representation of energy consumption of the 

population of Mozambique and not necessarily the supply and demand of electricity. 
 

 
Figure 4.3. Energy Consumption by type of energy carrier 
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b) Energy demand by type of consumer 
 
The total consumption can be summarized as the sum of the interconnected systems and 

isolated in the reference scenario. Note that interconnected systems include EDM, public 

lighting, high and low voltage network distribution, buildings, agriculture, commercial activities, 

and domestic buildings.  

 

The isolated systems in the figure below are considered as any type of off-grid power 

generation and local power distribution. 

 

The residential rural off-grid, which accounts for the majority of energy demand, represents the 

existing off-grid demand of biomass energy (firewood and charcoal), which could be preferably 

covered by other types of energy in the future. Residential urban demand which is on-grid and 

mainly electricity is insignificant in comparison to rural demand, however both have been 

increasing since 2005 and this can be attributed to population growth in both areas. 

 

 
Figure 4.4. Energy Consumption by category 
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4.4.3 Energy supply 
 

Analyzing the chart below is important to take into consideration that the largest supplier of 

electricity in Mozambique is the Cahora Bassa Dam on the Zambezi river.  

 

The total energy supply is expected to increase from 2010 to 2030 due to results from EDM’s 

rural electrification programme, although people are still dependent on biomass and would 

have a higher demand for electricity especially in rural areas. 

 

 
Figure 4.5. Energy Supply projections 

 

With the projected continuous growth and due to the politically strong support for the quick 

development of the energy sector, it can be realized from Figure 4.6 that renewable energy 

technologies will certainly have a steadily growing contribution to the national energy matrix in 

Mozambique in the future. 
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Figure 4.6 Energy Supply including RE 

 

4.4.4 Emission projections  
 
To calculate the total emission for each "polluter" in LEAP, the total energy consumption for 

each emission factor is multiplied by using the bellow relationship that is usually specified in 

terms of tonnes/terajoules  or  in kg/terajoules:   

 
 

The emissions are presented from the point of view of energy demand and supply side and 

rear joint computing in order to assess the core of potential GHG emissions in Mozambique, 

and thus allowing different sets with variable depth and sequence priorities in GHG mitigation 

policy actions. 
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Figure 4.7. Potential emissions of CO2 from the Energy Sector 

 

According to the chart above, taking into account the side of consumption and production, it 

reveals that in coming years the issue of GHG emissions and their impact on climate change 

will have as main explanation thermal electricity generation, mainly based on coal operating in 

Tete province's reserves, and also highlight the subsector of transport as potential emitter 

(diesel) and residential (firewood and charcoal), among others. 

  

In order to minimize the emissions in Mozambique, the Government is implementing energy 

systems using technologies that are less pollutant prone such as improved cook stoves, solar 

PV technologies for local electrification and pumping water, among others. 

 

Regarding the technical constraints and with the introduction of complementary sectorial data, 

which also allowed the appropriate aggregation to the model, the results show that the 

mitigation options in the energy sector should focus on the sub sectors of electricity generation 

and transport which appear as large emitters.  
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5 CONCLUSIONS AND RECOMMEDATIONS  
 

5.1 Conclusions 
 

Political 
 
Rural electrification has in this report been defined as options encompassing grid extensions, 

isolated grid networks with a centralized power generating system, and stand-alone electricity 

systems for individual customers. 

 
The expansion of access to energy through the various initiatives is resulting in expanding 

economic activity and the creation of jobs, in improving access to education (during evening 

hours after work) and to improvement of health and in a reduction, albeit limited, in the rate of 

deforestation across the country.   

 
In the exercise of attracting investments to a greater contribution of renewable energy in the 

national energy matrix, the Government of Mozambique have recently approved the 

Renewable Energy Feed-in Tariff for the country which was designed for hydro, wind, solar PV 

and biomass renewable energy projects that are less than or equal to 10 MW capacity.  

 

The access to electricity increases from 7% in 2005 to 45.3% in 2014 and the number of 

beneficiaries from 1.6 to 11.3 million in the same period due to the massive rural electrification 

plans and strategies implemented and also the reaffirmation in use of renewable energy 

technologies.  

 

The contribution of renewable energy to the national energy matrix is identified as high priority 

and is strongly encouraged by the government via several support schemes. RE penetration is 

expected to grow steadily, mostly via PV-based small-scale systems for rural electrification as 

identified in this work.   
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LEAP 
 

Largest consumption of energy in Mozambique is not electricity but is in fact biomass energy in 

the form of low-efficiency application of firewood and charcoal. Thousands of GWh are 

consumed annually by more than 80% of the population of Mozambique who burn firewood 

and charcoal as means of responding to their daily energy needs.  

 

From the projections of LEAP it can be concluded that the residential rural off-grid sector, 

which accounts for the majority of energy demand, represents the local demand for biomass 

while the largest supplier of electricity for the country is the Cahora Bassa Dam, although there 

are emerging projects from natural gas and renewables.  

 

The total energy supply increase from 2010 to 2030 due to results from EDM’s rural 

electrification programme, although rural communities are still dependent on biomass and 

would have a steadily growing demand for local electricity development schemes.   

 

 

5.2 Recommendations 
 
Off-grid systems should be considered when grid extension is not feasible. Off-grid solutions 

based on renewable energy technologies (small hydro, solar PV, wind power, biomass) should 

be the preferred alternative to reach rural communities when grid extension is not feasible. The 

final choice of technology must be based on the recipient country’s overall strategic priorities; 

however, mature technologies with proven performance such as hydropower should always be 

preferred;  

 

Specific incentives will be needed to encourage private sector Independent Power Producers 

(IPPs) to invest in renewable energy generation capacity for both isolated systems and 

injection into the national grid, however, there are two main incentives that can be used to 

promote Renewable Energy Technologies.  
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Social and environmental considerations must be mainstreamed in all project phases. Both 

grid extension and isolated grids with central power generation should adhere to the relevant 

national regulations on environmental and social management. 

 

Gender considerations are best integrated into project design and monitoring if handled 

already at the onset of planning and included in preliminary assessments.  

 

Given the varied nature of challenges encountered in the functioning of existing PV systems, it 

appears recommendable to address them in a systematic way, looking at all the stages of a 

project, including preparation, inception, realisation, maintenance, and monitoring. 
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