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CLEAN ENERGY SUPPLY  
FOR DESALINATION PLANTS 

 
 

1 The Archipelago of Cape Verde 
 
1.1 Geography and Demographics 
 
Cape Verde (or Cabo Verde) is an archipelago of islands (figure 1) about 450 km from the 
West of Africa, counting a total area of 4 033 km2, and a population of 531 000. The country 
was under Portuguese colonial rule until July 5, 1975, and the institutional philosophies still 
linger in the current management methods (MEE, 2017.) 
 

 
 

Figure 1: The Cape Verdean Islands (CapeVerdeWeb, 2017) 
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1.2 The Water Profile of Cape Verde 
 
The country relies heavily on desalination, with almost the totality of its water coming from 
desalination plants, reaching 91.7% of the population (World Bank, 2016.) This desalination 
of water, and its pumping to the end users, takes up around 9% of the electricity generation of 
the country. By 2020, the annual electricity requirement for desalination is expected to rise 
from the current 39 GWh to about 50 GWh (MEE, 2017.) 
This electricity requirement stresses an already strained electricity grid, and invites therefore a 
solution which decouples desalination from the central electricity generation plants. The 
pumping of water to the end users is also carried out through an inefficient grid, counting 
almost 50% in losses (Electra, 2017.)  
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2 Baseline About Desalination Plants 
 

Island Technology Project Name 
Nominal Capacity/ 
(Guaranteed Capacity) 
in m3/d 

S. Vicente (Electra, 
2017) 

RO RO1-1000 1000 

RO RO2-1000 1000 

RO RO3-1000 1000 

RO RO4-1200 1200 

RO RO5-1200 1200 

RO RO6-1200 1200 

Sal 
(Electra, 2017) 

RO RO1-1000 1000 

RO RO2-1000 1000 

RO RO3-1200 1200/(800) 

RO RO4-1200 1200/(1000) 

Praia 
(on Santiago) 
(Electra, 2017) 

RO RO1-5000 5000 

RO RO1-5000 5000 

RO RO1-5000 5000 

Boa Vista 
(IRENA 2016) 

RO Boa Vista 250 

RO Hotel Riu Karamboa 30 

Maio 
(IRENA, 2016) MSF Maio 300 

San Nicolau 
(IRENA, 2016) MED San Nicolau 1200 

Other 
(IRENA, 2016) 

RO, MED, 
MSF Cabo Verde 13260 

 
The technologies of Reverse Osmosis (RO,) Multi-Effect Distillation (MED,) and Multi-Stage 
Flash (MSF,) are explained in section of 4.3.2 of this chapter.  
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3 Conditions for Competitive Cost of Clean Desalination 
 
3.1 The Energy Landscape and Common Contractual 

Practices 
 
Fortunately, in the global shift toward clean energy, a momentum already exists in Cape Verde. 
The vision of the Cape Verdean government for the energy sector, expressed in Cape Verde's 
Energy Policy Document is "building a safe, efficient, sustainable and non-fossil fuel 
dependent energy sector." The vision by 2020 aims, ambitiously, to cover 50% of the electricity 
needs of the country from renewable sources, and to have at least one island with 100% 
renewable energy (MECC, 2008.) 
One exemplary village in this drive toward sustainable technologies is the small isolated village 
of Monte Trigo (South of San Antão.) The fewer-than-300 inhabitants of this village all have 
access to completely green energy, by a central photovoltaic system (APP, 2017.)  
 
Looking at the overall energy landscape in 2017, however, the plans of Cape Verde are not 
close to achievement. The main energy provider of the country, Electra, has reported a lower 
penetration rate of renewable energy sources in 2016, compared to 2015, at a level even below 
20% of the total energy produced. The company justified this energy mix by the fluctuation of 
the fossil fuel prices on the international market, leaving the final cost of production of electric 
energy by thermal means more attractive in relation to the basic purchase price of electricity 
from the green energy contractors Cabeólica and Electric. The contractual nature between the 
companies is based on a take-or-pay system, and Electra complied with the contractual 
minimum intake of energy, and provided the rest of the demand through thermal means 
(Electra, 2017.) The existence of one utility company for the group of Cape Verdean islands 
allows such economic decisions to overlook both the local cost-to-benefit assessments, and the 
overall environmental benefits. Moreover, with Cape Verde not being 100% electrified, 
economic considerations play a prime role in decision making, to meet as much of the demand 
as possible with the limited available resources. 
 
3.2 The Existing Policies and Regulations 
 
Despite the financial and infrastructural limitations, Cape Verde is still envisioning a clean 
energy future under an ambitious timeline. Cape Verde's Energy Policy Document has set four 
axes for work for this work toward a cleaner Energy sector (MECC, 2008) 
 

Ø Energy security and reducing dependence on energy imports  
Ensuring a reduction dependence on energy imports, to withstand the uncertainties 
and unpredictability of the world fossil fuel market. 
 

Ø A commitment to renewable energies 
Investing in, and adopting renewable energy technologies and alternatives, with the 
consequent reduction of dependence on imported fuels. 
 

Ø Sustainability  
Ensuring the sustainability of the energy sector from the environmental, socio-
political, and economic point of view. 
 

Ø Efficiency  
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Ensuring a system for the supply, distribution, and consumption of energy adequate 
and efficient service throughout the country. 

 
The efficiency of the electricity production system is a key item in the transition toward clean 
energy as well. The current capacity limitations in the institutions of the Energy sector leaves 
it inflexible to change, and operating at critical financial states. Losses from non-technical 
inefficiencies as the collection of bills accounts for 75% of the total losses, and can overpower 
the already-critical economical advantages of renewable energy resources (Electra, 2017.) A 
stronger revenue protection authority can create a safer environment for investments and insure 
the interests of any green energy contractors.   
 
In more concrete steps, some laws and resolutions have been put in action for the facilitation 
of this transition to sustainable energy.  
 
Law Purpose 

Decree-Law no. 1/2011 

 
Lays down the requirements relating to the 
promotion, encouragement and access, licensing, and 
exploitation in the activity of independent production 
and self-production of electricity. The decree, in 
addition to framing more technical issues, establishes 
a framework of investment incentives, tax incentives, 
and customs incentives. 
 

Resolution 33/2012 

 
Approves the Strategy and Plan of Action "Cape 
Verde 50% Renewable in 2020.”  
• Install more than 100 MW of renewable energy  
• Channel investments of more than € 300 million 
• Promise the creation of more than 800 jobs 
• Reduce the current electricity generation costs  
• Avoid more than € 30 M of imports of fossil 

fuels, which translates to a reduction of more 
than 200 000 tons of CO2 emissions. 
 

Resolution No. 7/2012 

 
Approves PESER (Sector Strategic Plan for 
Renewable Energies) 
• Establishes the Zones of Development of 

Renewable Energy (ZDER) where the location 
of power plants is permissible 

• Indicates for each ZDER, which type of plant is 
allowed, the possible build density and the 
admitted corridors for the construction of the 
lines connecting to the networks. 
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Law no.26 / VIII / 2013 

 
This law is concerned with the principles and general 
rules applicable to fiscal benefits. It lays down the 
rules for granting and checking them. 
In what concerns renewable energy production, it 
establishes the fiscal benefits related to the IUR 
(Single Tax on Income) for the investments in areas 
of renewable energy. Moreover, it provides tax 
exemptions for the import of materials which are 
incorporated or used in the production of goods or 
services intended for the production of electricity 
from renewable sources.  
 

Decree-Law no. 54/1999 
Decree-Law no.26/2003 
Decree-Law no. 27/2003 
Decree-Law no. 32/2006 
Dispatch Law no. 14/2011 

 

 
These laws are as well deemed as a legal assistance 
to the clean energy introduction, as they tackle the 
institutional weakness which delays any novel policy, 
by creating an entity regulator. 
The Economic Regulation Agency (ARE) was 
envisaged in Decree-Law no. 54/1999, and created in 
Decree-Law no.26/2003. It is intended as the 
territorially based, independent administrative 
authority, for economic regulation in the fields of 
energy, water, telecommunications, and passenger 
transport. The statutes of this regulatory entity were 
then approved by Decree-Law no. 27/2003, (updated 
by Decree-Law no.32/2006,) initiating a reformist 
effort in the scope of the regulation of the electric 
sector. Dispatch Law no. 14/2011 falls in the same 
scope. It approves the regulation tariff of the electric 
sector. This regulation establishes the calculation 
methodology, the indexing procedures, and the 
revision of the tariffs to be practiced by the national 
electricity system operators. 
 

 
3.3 The Economic Opportunity for Clean Desalination 
 
Cape Verde has a lack of fresh water resources which required it to provide 94.4% of its water 
demand in 2017 from desalination plants (Electra, 2017.) This desalination, accounts so far for 
7.7% of the country’s electricity demand, taking away from an already limited electricity grid. 
 
Cost is another downside for this current situation. In 2008, the price of electricity stood at a 
value 70% higher than the European average, and was placed under the ambition of reducing 
this gap to 25% by 2015 (APP, 2008.) By 2017, the costs are found to still be at 41% higher 
than the European average (Electra, 2017; Eurostat, 2017.) 
Water prices in 2017 are, based on consumption, between Eur 2.17 and Eur 4.42 per m3 for 
residential use, and Eur 5.06 per m3 for the tourism industry of hotels, pensions, and other 
similar establishments (Electra, 2017.) 
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The high investment requirement in renewable energy sources, for an already expensive 
electricity generation price, motivates the short-term cheaper choice of producing power 
through fossil fuels.  
The current infrastructure of the country leaves it incapable of providing 100% electricity and 
water access to all Cape Verdeans. The difficult orology and the sporadic demographic 
distribution predicts that this infrastructure in its centralized approach could not prove feasible 
to be extended to cover the population. Currently, the population is not fully catered for in 
water and electricity. This necessity to rapidly meet the demands of the citizens, and the 
expanding tourism industry, again places short-term costs at a selection advantage. This is the 
result of a regulatory framework which encourages the clean energy transition but does not 
demand it.  
The current pricing, and the deterrence from investments comes in part from the significant 
technical and non-technical losses in the sector. In the electricity sector in 2017, 27.3% of the 
electricity produced did not generate income due mostly to non-technical losses as the 
unsuccessful collection of bills. The water grid suffered more serious losses at 44.9% in total, 
with cities like the capital Praia counting more than 50% in losses. The water losses are mostly 
technical, unlike the electrical ones, reported in the most part as water transportation losses 
(Electra, 2017.) 
 
The current Cape Verde water landscape of an already insufficient response to the demand, 
and a rapidly rising tourism sector further strains an immature infrastructure. From the reported 
numbers above, to economically provide double the water supply to the islands from the 
existing network would move the desalination and pumping share of the electricity generation 
from 8.8% to 22% due to the reported losses. Most of these losses as mentioned are due to 
transportation losses, which are unavoidable on the islands under the current practices. 
Decentralized desalination is presented as a more feasible option.  
 

4 A Pathway to Clean Energy Powered Desalination 
 
4.1 Key Stakeholders and Decision Makers 
 
4.1.1 Energy and Water Providers 
 
4.1.1.1 Governmental and Public Bodies 
 
ELECTRA 
Electra is the main electricity and water provider in Cape Verde. It is responsible for the 
electricity generation and distribution for the islands, and for the water production and 
distribution on the islands of S. Vicente and Sal, and the capital city of Praia. Electra is legally 
divided into Electra Norte and Electra Sul, and aided by AEB (Âguas e Energias de Boa Vista,) 
and APP (Âguas de Ponta Preta.)  
 
AEB 
Âguas e Energias de Boa Vista is responsible for the water and energy production for the island 
of Boa Vista.  
 
APP 
Âguas de Ponta Preta is responsible for the water, energy, and sanitization services at the hotel 
area of Ponta Preta (Sal island.) 
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4.1.1.2 Non-Governmental and Private Bodies 
 
Other Energy Companies 
Other independent producers such as Cabeolica and Electric produce energy from renewable 
sources, and sell it to Electra. Cabeolica has wind farms on S. Vicente, Sal, and the city of 
Praia. Electric has a solar park on Porto Novo (Electra, 2017.) 
 
Fuel Providers  
Without national Oil and Gas resources, Cape Verde relies heavily on fossil fuel imports. 
ENACOL (Empresa Nacional de Combustíveis), was privatized in 2007 and imports and 
distributes fuels in Cabo Verde. 
VIVO Energy is another major player. It acquired the assets of Shell Cabo Verde in 2010, and 
is currently importing and distributing Shell International products to the local market 
(ECOWAS, 2015) 
 
Other Water Companies 
Other water companies help in meeting the water demand of Cape Verde. The main enterprises 
are ACCIONA, RWL Water, Euro Mec, and Elemental Water Makers (IRENA, 2016.) 
 
 
Private Water Producers, CdM, and CdA 
The group of private water producers refers to the group of individuals or producer associations 
handling the production of some of the water resources in Cape Verde, from the wells (furos.) 
It is a decentralized approach by the state, leaving the management of these furos to the private 
groups, while it keeps the legal ownership of the water resources, and in most cases, of the 
pumping equipment. The private groups of “Comissoes de Água” (Water Committees) and 
“Comissoes de Moradores” (Neighborhood Committees) with a government delegate on them 
from the Ministério de Desenvolvimiento Rural (Rural Development Ministry.) The 
management of the resources, however, has not been reported to be at the expected efficient 
and fair level (Bosa, 2015.) 
 
4.1.2 Advisory and Regulatory Entities 
 
4.1.2.1 Governmental and Public Bodies 
 
National Water and Sanitation Council (CNAS) 
The Conselho Nacional da Aguas e do Saneamento (CNAS) serves as the national water and 
sanitation council for Cape Verde, and serves, with its subsets, as a central player in the water 
sector for the archipelago. Its subsets include the DGA, ARE, and ANAS. 
 
The Directorate General of Environment (DGA) 
The Direcçao Geral do Ambiente (DGA,) is responsible for the regulation and protection of 
the environment. Its tasks include the inspection of potable water, enhancement of the waster 
water discharge standards.   
 
Economic Regulatory Agency (ARE) 
The Agência de Regulação Económica (ARE,) is an agency created for ensuring the economic 
efficiency ad the financial sustainability of the utilities. 
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National Water and Sanitation Agency (ANAS) 
The Agência Nacional de Agua e Saneamento (ANAS,) under CNAS, is responsible for the 
natural water resources, desalinated water, wastewater, sanitation, and the domestic supply of 
water. It is the entity responsible for the licensing, supervision, and assistance of the water 
providers.  
 
Municipal Water and Sanitation Services (SAAS) 
The Serviços Autonomos de Âgua y Seneamento (SAAS) has under it the potable and waste 
water companies of Cape Verde. 
 
Ministry of Agriculture and the Environment 
The ministry of Agriculture and the Environment monitors the public energy and water 
providers, with the help of the ARE. It has members in the board of CNAS. 
 
Ministry of Rural Development (MDR) 
The Ministerio de Desenvolvimiento Rural oversees the CdA and CdM, responsible for 
managing the furos on behalf of the state. 
 
Ministry of Finance (MFP) 
The Ministerio das Finanças e do Planeamento (MFP) coordinates the financing of the 
infrastructure, energy, and water projects. The MFP has board members in CNAS.  
 
Ministry of Health (MdS) 
The Ministerio da Saude (MdS,) ensures the safety of the drinking water produced and 
distributed across the archipelago.  
 
Ministry of Economy and Employment (MEE) 
The Ministerio da Economia e Emprego (MEE) is another key player in the planning of Cape 
Verde’s sustainable future. The MEE supervises, with the DGE, the work of Electra. It also has 
board members in CNAS.  
 
Directorate General of Energy (DGE) 
The Direção Geral de Energia (DGE)is responsible of the design, execution, and evaluation of 
Cape Verde’s energy and desalination policy. It is a key player in the regulatory framework. 
 
ECOWAS Centre for Renewable Energy and Energy Efficiency (ECREEE) 
ECOWAS, in which Cape Verde is a participant, is a regional group of 15 states, with a 
mandate to promote �economic integration in all sectors of the member countries. ECREE is 
founded as the ECOWAS Center for Renewable Energy and energy Efficiency, to achieve the 
sustainable development goals of the UN in West Africa. It focuses on bringing renewable 
energy solutions, and energy efficient systems to the populations of the member states. � 

 
4.1.2.2 Non-Governmental and Private Bodies 
 
Non-Governmental Organizations (NGOs) 
Non-governmental organizations in Cape Verde are active, alongside farmer’s organizations, 
in development programs. NGOs have a presence in the archipelago across the water chain 
from supply to sanitization. The platform of NGOs in water is under the supervision of ANAS. 
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United Nations Development Program (UNDP) 
The UNDO is a global development network of the United Nations. In Cape Verde, the UNDP 
promotes the protection of the environment, and sustainability. The UNDP works with the 
DGE on advocating for energy savings, and greenhouse gases reduction.  
 
The stakeholders and their connections are mapped in figure 2 below.  
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Figure 2: Stakeholders Map of Water and Energy in Cape Verde 
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4.2 Demand and Markets for Clean Energy Desalination 

 
The water sector in Cape Verde is moving quickly toward full coverage. From 79.9% of the 
population having access to drinking water in 1996, the country now offers 91.7% of its citizens 
this access in 2015, according to the World Bank (World Bank, 2016.) 
Other than providing access to the remaining 45000 of its citizen, Cape Verde needs to also 
prepare itself for a growing water demand driven by a blooming tourism sector.  
Expanding the current desalination sector, powered by fossil fuels, does not offer itself as a 
sustainable or economical solution. The country, deprived of fossil fuel resources, leaves its 
desalination sector in the current landscape, vulnerable to global markets in price and security.  
Clean energy desalination offers a scalable, sustainable growth potential to an independent 
water desalination sector for Cape Verde.  
  
4.3 Technological Potential for Clean Energy Desalination 
 
4.3.1 Relevant Clean Energy Sources 
The following subsections present the potential of current renewable energy sources to be 
applied in Cape Verde. In 2009, the energy consultancy company Gesto, requested by the 
Directorate General for Energy, performed a nation-wide master plan for the power sector. The 
plan included studies of the renewable energy potential in the country. The sections below 
report their findings by 2011 on the potential of Hydropower, Geothermal, Marine, Wind, and 
Solar sources.  
 
4.3.1.1  Hydropower 
 
Gesto (2011 a) observed that of the Cape Verde islands, only four (Santiago, Santo Antão, 
Fogo and Brava) present areas with an average annual flow generation capacity greater than 
100 mm. This flow generation is seasonal for three months, and torrential. The rain is absent 
for the remaining nine months of the year, and the torrential nature of the few wet months 
makes their flow prone to considerable surface run-off. This unreliable flow profile discourages 
the implementation of hydropower plants. In conclusion, Gesto states that hydropower “has a 
limited potential and should not constitute a significant source for the supply of the 
archipelago.” 
 
4.3.1.2 Geothermal Energy 
 
The Gesto (2011 b) study looked at the geothermal potential of the Cape Verde archipelago. 
No prior geothermal studies were present for the islands, making a comprehensive 
investigation of all the islands too time- and resource-demanding.  
 
In a volcanic area, surface manifestations of a geothermal systems are typically what motivates 
exploration studies. The most obvious of these surface manifestations is when fluids leak to 
the surface, driven through faults and fissures, or through permeable rock units. The 
identification, mapping, and assessment of these features are an important during the evaluation 
of the geothermal energy potential (Wohletz & Heiken, 1992.)  
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Surface manifestations of geothermal systems are in general absent on the Cape Verdean 
islands. The two exceptions are the islands of Fogo, an active volcanic island, and Santo Antão, 
one of the youngest islands in the archipelago, and with the largest amount of surface and 
groundwater.  This prioritized them as candidates for the geophysical and hydrogeochemical 
studies. At the conclusion of the studies, however, the detection of an impermeable base layer 
on both islands was deemed to prevent the development of geothermal energy systems. 
 
4.3.1.3 Marine Energy 
 
The methodology of Gesto (2011 c) was, admittedly, not detailed enough to advise on the 
implementation of concrete projects.  
The data of height, period, and direction of the ripple were determined through meteorological 
mathematical models. The Energy potential of selected positions was derived from the above 
data, and then interpolated to obtain potential maps for the archipelago. 
A more comprehensive study, through the installation of buoys, would provide information on 
the potential near the coast, as it inherently takes into account the actual local wave interactions 
caused by the coastal morphology. Still, the obtained values of the energy potential were far 
below their Portuguese and English counterparts.  
Marine energy is still in development, and most of the data was used into technology models 
of prototypes, probably unreliable still in real sea conditions. In conclusion, Even the 
theoretical data on the potential was not promising. As the study advises, the implementation 
of marine energy projects in Cape Verde is not considered a priority. In case of future 
technological development, such projects are recommended to be re-investigated mainly for in 
the pilot zones of the island of Santo Antão and the island of Sal. 
 
4.3.1.4 Wind Energy 
 
The wind data for Cape Verde is not complete enough, especially for a country of such a 
complex orography. The energy extracted from wind is proportional to the cube of the wind 
speed value, making precise wind data critical in the feasibility study, design, and site decision 
of the wind turbines.  
 
Nevertheless, using average wind velocities (figure 3,) the potential of wind energy is 
recognized (Gesto 2011 d.) Wind energy is already acknowledged in Cape Verde, with an 
installed capacity of 168MW by end of 2016 (Electra, 2017.) 
 



14  

 
Figure 3:Average wind speed in Cape Verde (RISØ National Laboratory, et al 2007 in Gesto 

2011 d) 

 
4.3.1.5 Solar Energy 
 
The islands present, as expected from their location near the equator, a great potential for solar 
energy technologies. The yearly solar potential reported by Gesto (2011 e) varies between 2070 
and 2190 kWh/m2. The values are significantly higher than those reported for Europe, for 
instance, where a maximum of 1800 kWh/m2 is to be found.  
Available irradiance data for the islands (figure 4) shows that, unlike wind energy potential, 
the islands present the same solar energy potential. A raised concern by the Gesto report is 
about the absence of more detailed irradiance data, allowing a proper evaluation of the 
placement of the solar parks. The solar parks to be implemented in the ZDER need to take into 
account the surrounding orology. 
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Figure 4: Solar Energy Potential in Cape Verde 

 
4.3.1.6 Clean Energy Summary 
 
In Summary, clean energy seems most feasible in Cape Verde from wind and solar sources.  
 
4.3.2 Relevant Desalination Technologies 
 
Desalination technologies rely on two concepts: Thermal and Membrane solutions. In thermal 
solutions, clean water is evaporated from the feed water, and then condensed as a separate 
solution. In membrane technologies, selective membranes help separate different components 
of the feed water. One of the below-presented solutions combines both solutions (Papapetrou 
et al., 2017.) 
 
4.3.2.1 Solar Stills 
Solar stills are a basic technology, relying on the sun heat for the evaporation of water under a 
glass surface. The systems are very primary, and need a large area of land for the production 
of few liters of water per day.  
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4.3.2.2 Multiple Effect Humidification (MEH) 
In MEH, multiple effects (vessels) experience several evaporation and condensation cycles, at 
temperatures below 85ºC. The efficiency of MEH systems, though much higher than that of 
solar stills, still require an area of about 40m2 to produce 1m3/day of water. 
 
4.3.2.3 Multiple Effect Distillation (MED) 
MED uses the notion that water evaporates at lower temperatures at lower pressures. Multiple 
effects are connected in decreasing pressure order, and the vapor from each chamber is guided 
into the other. The vapor heat of one vessel is in this way used to evaporate water in the 
following vessel, which is at a lower pressure.  
 
4.3.2.4 Multi-Stage Flash (MSF) 
In MSF distillation (figure 5,) feed water is driven through chambers in closed tubing. It is then 
heated before being brought back to the chambers in open tubing, where a portion of the water 
is flashed (evaporated) in each chamber. The vapor, not carrying any salts, condenses on the 
colder inflowing feed water tubing. The system works then as a heat exchanger to condense 
desalinated water. Typically, such systems are designed so that the brine can be recycled, 
passing multiple types through the system.  
 

 
 

Figure 5: Multi-Stage Flash Desalination (Sidem, 2017) 

 
4.3.2.5 Vapor Compression (VC) 
VC uses the notion that when vapor is compressed, its pressure and temperature rise. This latent 
vapor heat is then used to evaporate more water. The compression can either be done 
electrically through a motor, or directly by being mechanically coupled to, for instance, a wind 
turbine. VC suffers, however, from fast scaling issues.  
 
4.3.2.6 Reverse Osmosis (RO) 
Reverse osmosis is a membrane solution, and the most mature of the desalination technologies. 
Feed water is pushed through selective membranes, which only allow the passing of water 
molecules. The pressure needs to first overcome the osmotic pressure between the salt and the 
pure solutions.  The final operational of RO systems is of the order of 60-80 bar, making them 
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energy intensive systems. The applied pressure needs to be constant, and the feed water needs 
to be refined to avoid biofouling of the membrane. State of the art systems use innovative 
energy recovery solutions which allow the pressure to be significantly lower. 
 
4.3.2.7 Electrodialysis (ED) 
Electrodialysis is another membrane technology which uses anion- and cation-selective 
membranes, in alternating order, to remove the salt from the water. The membranes are 
connected to a power source which gives them their respective polarities. Electrodialysis 
Reversal (EDR) reverses the polarity of the applied voltage, essentially toggling the ion-
selectivity of every membrane, and pushing the attracted ions away from it. This is useful to 
reduce scaling by effectively flushing the membrane. While ED desalination systems are even 
more advantageous for using direct current (allowing direct coupling with Photovoltaic 
systems,) they only work, however, with brackish water. These systems could not be readily 
used with the ocean water in Cape Verde.  
 
4.3.2.8 Membrane Distillation (MD) 
Membrane distillation is a technique combining both thermal and membrane solutions. The 
used membrane here is a membrane which allows the passing of water vapor. The feed water 
is vaporized, and the salt remains on one side of the membrane as the distilled vapor passes to 
the other side. This dual distillation structure allows then vapor to pass when produced, and the 
system does not require constant power like other membrane systems. MD systems have then 
the advantage of being able to work with intermittent power sources, however, they have been 
attributed with biofouling and scaling problems.   
 
4.3.2.9 Desalination Technologies Summary 
In summary, MSF and RO technologies seem the most suitable for Cape Verde. The main 
motivation comes from the maturity of these technologies, and their ability to deal with 
seawater.  
 
4.3.3  Coupling Clean Energy and Desalination 
 
4.3.3.1 Hydropower and Desalination 
Hydropower has already been deemed unfeasible in Cape Verde. Its coupling with desalination 
systems will not be investigated. 
 
4.3.3.2 Geothermal Energy and Desalination 
Geothermal energy is very location specific, and currently, no mapping is available for the 
islands. As mentioned earlier, surface manifestations do not seem promising in any case. 
Geothermal systems also require a high initial investment.  
 
4.3.3.3 Marine Energy and Desalination 
Marine Energy offers different possibilities. Wave energy can either be coupled directly with 
RO or MVC (by providing pressurized feed water,) or used to produce electricity. However, 
both these technologies are not mature yet. Other possibilities include Ocean Thermal Energy 
for distillation techniques, or tidal energy which produces energy by means of a rotation shaft, 
and hence offers the same combinations potentials as Wind energy. However, both these 
technologies as well are not mature enough yet. Moreover, Cape Verde’s marine energy 
potential is still not fully mapped.  
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4.3.3.4 Wind Energy and Desalination 
Wind turbine can either be coupled directly to VC systems, or produce electricity which could 
power RO and ED systems. The advantage is wind systems is their scalability. However, they 
do require significant Operations & Maintenance costs, and a considerable initial investment. 
Wind turbine costs do not predict considerable future reductions in cost. Finally, wind turbines 
do not enjoy a popular approval as they are considered by some as to be visually polluting the 
landscape. In a touristic island environment like Cape Verde, local acceptance might even be 
harder to obtain.  
 
4.3.3.5 Solar Power and Desalination 
Solar energy can be used for thermal energy generation, or electrical DC power generation. 
CSP technologies are mature enough, and can be coupled directly with MSF (steam,) MED 
(steam,) or even RO systems (after a turbine.) The problem with CSP systems, however, is 
their large scale in the order of thousands of m3 per day. Small scale systems are still in 
development, yet their efficiency is predicted to be lower than the large scale systems.  
PV can be directly coupled with either ED or RO systems. Direct coupling of RO systems with 
PV is a relatively mature technology, with proven cases. Moreover, PV systems are cheap, 
scalable, less visually intrusive, and require virtually no O&M costs. They also predict lower 
installation and transportation costs compared to the more complicated wind systems. 
Finally, solar-RO systems have proven feasibility on lower scales than wind-RO systems 
(figure 6,) making them a more attractive option for the scale of Cape Verdean demographics. 
 
4.3.3.6 Clean Desalination Summary 
The nature of the Cape Verdean landscape, as a group of islands with scattered cities and 
villages, creates the need for a decentralized solution for the water sector. The rapid growth of 
the tourism industry, predicting further sporadic coastal constructions, adds to this need. The 
decentralized systems should also be small in scale, to cater for the small, scattered populations. 
Costs and the local training skills both favor a solution with no O&M requirements, as well as 
lower installation costs. The coupling of PV and RO systems is chosen as the best solution, as 
a cheap, cost-effective solution, most suited for the demands of the local environment. 
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Figure 6: Development Stage and Typical Capacity Range of Different RES-RO Technologies 

(Papapetrou et al., 2010) 

 
4.4 Financial Barriers for a Stable Long-Term Market 
 
The Cape Verdean government has set high goals for the transformation of the energy sector, 
and the transition to renewable energies.  
The initial investment required for the installation of renewable energies is the key financial 
barrier for the transition. Cape Verde is already under public debt, and its graduation from the 
Least Developed Countries category makes the country no longer eligible for the concessional 
loans it once could have solicited. 
 
The current state of the domestic electricity sector also presents two barriers. On one hand, in 
performance, the technical and non-technical losses in the sector are serious, and the country 
is still not fully electrified. In fact, the sector does not seem to be getting healthier. Compared 
to 2015, the electrical and water sector losses were, respectively, 2.9% and 4.5% higher in 
2016. This puts quick-fix solution at an advantage, and looks more into the expansion of the 
already-existing thermal-generation techniques, rather than investing in renewables, with the 
currently plummeting oil prices. A clear manifestation of this mindset is the lower share of 
renewables in the Cape Verdean energy mix in 2016, compared to 2015. Even with installed 
renewable sources, through third parties, the energy purchasing was limited to the contractual 
minimum, once faced with cheaper thermal possibilities. The available renewable energy was 
not bought, and energy through thermal means was produced. 
 
This current regulatory environment is the other barrier for financial involvements. Foreign 
investments can be deterred from such a market, where profits cannot be quickly achieved, and 
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are subject to volatile external decisions. Moreover, the non-technical losses, mostly 
manifested in a failure to collect bills, further alarms foreign investments. This absence of a 
revenue protection entity, however, creates yet another invitation for commissioning 
decentralized water desalination units, decoupled from the losses-ridden water and electricity 
grids, instead of expanding the current infrastructure.  
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2 
 

ENERGY EFFICIENCY,  
SYSTEM INTEGRATION  
& DEMAND RESPONSE 

 
 

1 The Key Technologies to be Implemented in the Region 
 
Wind and Solar sources have the highest potential on the Cape Verde islands. The uneven 
demographic distribution on this country of ten islands justifies the call for a decentralized 
system of water generation and distribution.  
Coupling these two sources seems the most advantageous with RO systems, as such system 
has already proven successful small solutions in areas around the world. Other coupling 
possibilities are either still in R&D phases, or in scaling-down phases. Some can only work 
with brackish water. 
In terms of initial investment and O&M costs, Solar-RO seems like the most feasible solution.  
 

2 The Potential Impact of the Identified Technologies 
 
2.1 Energy Savings 
 
It is not too useful to speak of Energy Savings in the broad sense in Cape Verde, as the water 
and electricity grids of the country are still not at 100% reach. It is more suitable to speak, 
instead, of the effects that Clean Desalination will bring in destressing the electrical grid, and 
developing the reach of the water grid. 
The decentralized water solution, especially in its Solar proposal, offers the possibility of small, 
cheap, and efficient systems which could bring solutions locally to the Cape Verdean 
communities. The amount of investment in the implementations of such systems dictates how 
closer the water grid comes to a full demand response state. Moreover, disconnecting the 
remote, newly-decentralized areas from the tired grid, offers a better possibility of feeding the 
remaining connections. The capital city of Praia suffered in 2016, a total of 54.9% in losses in 
the water grid, most of which are technical losses due to a limited infrastructure. These losses 
come at a hike from the 47.7% in 2015, exposing how no solution is on the way in the current 
structure. Decentralizing the water generation and production not only offers demand response 
to the generation areas, but also ameliorates the response of the remaining grid-connected 
areas. 
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In terms of Electricity, in 2016, Electra dispatched 7.7% of its electricity production to 
desalination, and 1.1% of it to pumping the water into the water grid. This total 8.8% of the 
local electricity generation comes only, after the water grid losses, to effectively serve 55.1% 
of the intended water targets.  
The limitation of the infrastructure can be illustrated with the example of full water response. 
Achieving full water response, at the current water demand, from a 55.1% to a 100%, is a factor 
of 1.81 increase in the current delivery. This is effected through an electricity grid (losses of 
27.3%,) and a water grid (losses of 44.9%), giving a total efficiency of 40% in this electricity-
water binary. From the 8.8% set aside for desalination, effectively 3.52% are bringing potable 
water to the users. Reaching the 100% in water in the current 40% efficient structure means 
scaling the electricity demand by a factor of 2.5 to 22% of the electricity production. 
 
The main assumption is in the linear behavior of the losses, independently of the grid scale. 
The reality would prove to be even more appalling than this. Between 2015 and 2016, Electra 
increased its water production by about 10.4% (from 6.250.000 m3 to 6.900.000 m3,) while its 
losses in the water sector alone increased from 40.4% to 44.9%. This effective 10.4% increase 
effectively lead to a mere 2.06% increase in the delivered water response. This technical factor 
of the water grid alones comes at 5.04, a far more worrying figure than the 2.50 total factor 
estimated above.  
 
 
2.2 CO2 Emissions Reduction 
 
Electra, in 2016, used an energy mix from 81.1% diesel and 18.9% renewables, with a reported 
diesel usage of 213.46g diesel/kWh. 
At 2680g CO2 emissions per liter of diesel, ultimately 681g of CO2 are emitted per kWh of 
electricity in Cape Verde.  
Chapter 5 studies the environmental effects of clean desalination in terms of reduction in CO2 
emissions. 
 
2.3 Further Impact 
 
The transitioning of the desalination sector into clean desalination resonates further than the 
CO2 emissions.  
 
2.3.1 Answering the Water Demand 
 
The transition sets the base for a stronger structure, allowing appropriate access to water across 
the islands, away from a partitioning system.  
 
2.3.2 Relieving the Electricity Grid 
 
The electricity system is currently dedicating about 9% of its production to desalination. 
Coupling renewable energy sources with desalination independently from the grid, allows the 
separation of this load, and allowing to come closer to reaching 100% electrification on the 
islands.  
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2.3.3 Enabling Economic Activity 
 
Improving the electricity and water supply on the islands would entail a possibility for 
businesses, especially in the tourism sector, to grow. Creating a healthy infrastructure would 
also attract foreign investments in the sector.  
 
2.3.4 Creating Jobs in Rural Areas 
 
Decentralization of the water generation would allow the creation of jobs (security and 
maintenance at least,) even in the rural areas.  
 
2.3.5 Gender Equality 
 
Currently, the energy (for cooking,) and water acquiring habits affect the health of women with 
emissions, and strenuous physical activity, and long walks. Moreover, enabling economic 
activity in the rural areas would provide women with money-making opportunities, allowing 
them some financial independence.  
 

3 The Required Regulatory Changes for the Successful 
Implementation of the Proposed Technologies 

 
3.1 Institutional Adaptation to Decentralized Water Generation 
 
The Water and Energy players of Cape Verde from a complex, closely intertwined network of 
providers and regulators. Currently, decentralized water production is on the catchment level, 
rather than the production, with the wells and the equipment owned by the state, and managed 
by Water and Neighborhood committees (CdA and CdM.) 
This decentralized so far, even under the supervision of the Ministry of Rural Development 
(MDR,) has not reported being as efficient as expected (Bosa, 2015) and could motivate 
opposition to a decentralized solution for Cape Verde.  
 
3.2 Approval of Renewable Energy Installations Outside the ZDER 
 
The government of Cape Verde has allocated zones for the development of renewable energies 
(ZDER) by Resolution No. 7/2012. Decentralizing the water production, with a minimal 
distribution network, would necessitate the installation of renewable energy source outside the 
designated ZDERs. The regulatory system should offer flexibility in this regard.  
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3 
 

RESEARCH, DEVELOPMENT, 
AND DEMONSTRATION 

 
 

1 The RD&D Areas Required for the Clean Energy 
Desalination Transition 

 
1.1 Mapping The Renewable Energy Potential of the Archipelago 
 
As mentioned earlier, the renewable energy potential of the islands has not been studied in full 
detail, especially in the geothermal domain. A wind measurement campaign is also needed. 
The more pressing necessity, however, is that of assessing the solar potential. The current 
studies rely on the geographical location of the islands, not taking their orology into account. 
The shading brought by the nearby mountains can have a significant effect on the economic 
feasibility of the solar systems.  
  
1.2 Licensing Demonstration Projects 
RO desalination technologies and renewable energy technologies such as wind and solar power 
are mature technologies, with a long standing record of technological and economical 
feasibility. The direct coupling of the two is however, a less mature field, especially in stand-
alone systems. Elemental Water Makers presents a patented solution for the problem, and a 
number of projects have already been operational for a few years in parts of the world. 
Demonstration projects should be licensed to operate  
 
1.3 Planning the Brine Disposal Framework  
Reverse Osmosis uses brackish or seawater, and produces two streams of fluid. One, potable, 
and the other, a concentrated salt solution where the salt of the first stream has been disposed. 
This concentrate, called brine, needs special attention in its disposal into the ecosystem.  
The decentralized approach for desalination would bring an institutional challenge in the 
control of the scattered brine discharge points into the ecosystem. A joint effort is required to 
plan a proper brine handling framework, with the involvement and input of, among others, the 
Ministry of the Environment, ANAS, CNAS, and the independent water companies.  
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2 The Key National and International Partners for the 
Proposed RD&D Activities 

 
The proposed RD&D activities require the effort and coming-together of national and 
international players.  
At the heart of the national players, the MEE, MFP, and CNAS (and therefore, ARE, ANAS, 
and SAAS,) would guide the national and international efforts, in the aim of adapting them to 
the local needs. 
On the international arena, the UNDP and ECREEE would offer a necessary atmosphere for 
the technological and policy changes, helped by experienced groups such as the Global Clean 
Water Desalination Alliance. A member of the alliance, Elemental Water Makers, could prove 
to be important on the Demonstration level. With successful decentralized desalination units 
around the world, EWM can be pivotal in showing the technical feasibility of the systems in 
Cape Verde. 
Ultimately, universities such as the local Universidade de Mindelo is expected to be a important 
moderator between the national and international players, with capacitating the local talents. 
The University already offers a bachelor program in Renewable Energies.  
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4 
 

EDUCATION, TRAINING, 
AND OUTREACH 

 
 

1 The Education and Training Needs to Support the 
Transition to Clean Desalination 

 
1.1 Education 
 
1.1.1 Public Perception of Desalination 
 
Fortunately, the public perception of desalination in Cape Verde is not a negative one. 
Desalination is almost the entirety of the Cape Verdean water supply, making it a positively 
perceived technology, with accepted outcomes.  
 
1.1.2 Public Acknowledgment of the Long-term Benefits of Renewable 

Energy 
 
Renewable energy sources, especially wind turbines, could face opposition from locals as they 
could be considered as visual pollution for a touristic country. Advocating a decentralized 
approach, outside the ZDERs, would escalate this concern. The economic, ecological, and 
health benefits of the renewable energy sources must be acknowledged.  
 
1.1.3 Stakeholder Acknowledgment of the Long-term Benefits of Renewable 

Energy 
 
Short-term economic benefits still govern the energy decisions in Cape Verde. Even with 
installed renewable energy sources, energy dispatch is directed by economic benefits. The 
stakeholders need to be sensibilized to the benefits of renewable energies, and their direct 
coupling to desalinations units within a decentralized network.  
 
1.1.4 Documenting and Accessing Local Data 
 
Local Data not only needs to be produced, as in the case of mapping the potential of renewable 
energies, but also made accessible to the public. Providing the data in English as well, unlike 
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the current documentation which only exists in Portuguese, would offer better insight to the 
local market and invite foreign investments and studies.  
 
1.2 Training 
 
1.2.1 Regulation of Decentralized Units 
 
The current water sector in Cape Verde already hosts decentralized pumping of water from 
wells, managed through local commissions. However, decentralizing the production of water 
on the national scale requires a stronger regulatory momentum, including among others, 
CNAS, ANAS, MEE, MdS, and SAAS. This regulatory approach is new to Cape Verdean 
governmental institutes.  
 
1.2.2 The O&M Requirements 
 
Training is also required for the Operations and Maintenance of both the renewable energy 
resources and the desalination units. The interconnection of the two is also a technically 
demanding task, requiring training of local hands.  
 
1.2.3 Renewable Energies 
 
Beyond the O&M requirements, there is also a need for the training of local professionals in 
Renewable Energy technologies and Desalination technologies. The presence of dedicated 
local expertise helps creating a specialized response to the Cape Verdean sector, and an 
eventual release from the dependence on foreign expertise.  
 

2 The Key National and International Partners for the 
Proposed Education and Training Needs 

 
The Education and Training needs require the work of a great deal of players, including the 
MEE, MFP, MdS, CNAS, ARE, SAAS, Electra, Mindelo University, International Universities 
to help the local universities, Local NGOs, and the GCWDA.  
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5 
 

COSTS AND BENEFITS OF 
THE ROADMAP 

 
 

1 The Economic Costs of the Implementation of the 
Roadmap 

 
Cape Verde currently, according to the MEE, allocates 39 GWh annually to the desalination 
and pumping of potable water. By 2020, this figure is expected to grow to 50 GWh, according 
to the same source.  
With the weak infrastructure described previously in this report, the delivery of desalinated 
water through a losses-ridden electricity and water grid leaves the water sector effectively at a 
requirement of 13.0 kWh per m3 of water.  
State-of-the art decentralized desalination units, like those offered by Elemental Water Makers, 
offers solutions at 3.0 kWh per m3 with a price as low as 1.20-3.00 Eur per m3. Effectively, 
this means 0.400-0.999 mEur per GWh of electricity destined for desalination, requiring an 
investment of 4.40-11.0 mEur for providing the 11 estimated GWh needed to meet the demand 
of 2020. This figure in fact, is in the order of magnitude of the transactions of Electra alone, let 
alone the governmental water sector. 
 
Estimating the exact financial costs of implementing the roadmap is a deeply convoluted 
exercise. It includes the study of –mostly unavailable– data on the existing water desalination 
sources, their depreciation and lifetime, and the costs of their decommissioning and 
replacement. A detailed study can be conducted once an environmental scenario can be chosen 
from the section 3 in this chapter. To highlight the potential economic benefit of a country-
wide clean desalination sector, the section below presents the case of an existing plant in Cape 
Verde provided by Elemental Water Makers.  
 

2 An Economic Demonstration Case: The Case of The 
Salamansa Village in Cape Verde 

 
The village of Salamansa is a village of about 1300 people on the Cape Verdean island of Sao 
Vicente, with limited access to quality water. Water is supplied by the municipality through 
water trucks sent across a 45-minute driving distance. This results in limited availability and 
water quality. The tariff for the inhabitants is currently 6 €/m³, while the water expenses to get 
the water in Salamansa for the municipality stands as high as 14.23 €/m³ (IRENA, 2017.) 
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The currently proposed solution of an off-grid gravity fed PV-RO system by Elemental Water 
Makers provides 75% lower water expenses through a water purchase agreement of 50 m³/day. 
The proprietary gravity fed PV-RO will use seawater through a beach well that will be pumped 
directly using solar energy of 60 kWp panels. An elevated seawater buffer continuously feeds 
the RO with pressurized seawater, producing water 24/7 without the use of batteries or 
auxiliary energy. The required elevation is limited to 100 meters using a special energy 
recovery device.  
 
Elemental Water Makers will take care of the investment, construction, installation, 
maintenance and operation of the water plant. The municipality will continue to sell the water 
through jerry cans in the village from a water kiosk, as it has been doing using the truck before. 
The municipality will only have to commit to the purchase of the water produced. In terms of 
the major stakeholders, the government of Cape Verde has no investment requirement in this 
project, nor does the municipality. The project offers opportunities for a reduction of the local 
water tariff, employment, education, demonstrates off-grid solar desalination, and has 
admirable potential for future replication. 
 

3 The Environmental Benefits of the Implementation of 
the Roadmap 

 
Cape Verde currently uses diesel in its electricity production. The environmental impact stands 
at 681 tonnes of CO2 per GWh of electricity.  
As mentioned previously, the current 39 GWh destined for desalination will increase by as 
soon 11 GWh by 2020. Cape Verde currently faces the choice of a thermal or renewable energy 
option for its increase of desalination capacity, as well as the potential of replacing the existing 
thermal desalination units. The outcome of the two paths are tabulated below, where the carbon 
footprint is estimated by: 

!"#$%&	(%%)*#+&) = - 1 − 0 1 + 1 − 3 4 + 	5[01 + 34] 
 
Where: 

!"#$%&	(%%)*#+&) is the carbon footprint, in tonnes of CO2 

- is the specific carbon footprint of diesel, 681 t CO2/GWh  

5 is the specific carbon footprint of the renewable sources, assumed at 0.00 t CO2/GWh 

1 is the size of the existing thermally-driven desalination units, 39 GWh 

4 is the size of the required desalination units, 11 GWh 

0 is the renewable energy share of the existing desalination units (replaced units) 

3 is the renewable energy share of the required desalination units  

 

The table below shows the estimated carbon footprint, in tonnes of CO2, per scenario. 
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  3              e 0% 25% 50% 75% 100% 

0% 34 050 27 410 20 771 14 131 7 491 

25% 32 177 25 538 18 898 12 258 5 618 

50% 30 305 23 665 17 025 10 385 3 746 

75% 28 432 21 792 15 152 8 513 1 873 

100% 26 559 19 919 13 280 6 640 0 
 

 

Effectively, however, the current centralized water grid has losses of 44.9%, meaning that per 
effective GWh of electricity destined for desalination, the carbon footprint is of: 
 
 

  3              e 0% 25% 50% 75% 100% 

0% 61 797 49 746 37 696 25 646 13 595 

25% 58 398 46 348 34 297 22 247 10 196 

50% 54 999 42 949 30 898 18 848 6 798 

75% 51 600 39 550 27 500 15 449 3 399 

100% 48 201 36 151 24 101 12 050 0 
 
A perfectly green scenario comes at about 62 000 tonnes of CO2 emissions less per year than 
the thermal scenario.  
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6 
 

ACTION PLAN 
 
 

1 Outline of the Action Plan 
 
The Action plan can be proposed over 3 main axes: 
 
RD&D 
 
In this domain, effort is still required for mapping of the renewable energy potential. This 
should be commissioned and supervised by the Ministry of Agriculture and the 
Environment, MFP, and the MEE.  
In terms of demonstration a substantial planning and coming-together of players is to be 
expected. CNAS, ARE, DGA, ANAS, SAAS, MdS, ECREEE, UNDP, DGE, and the Energy 
companies and Water companies need to plan demonstration projects, assess them, and study 
the ecological possibilities of brine disposal.  
 
EDUCATION AND TRAINING 
In Education and training, local and international experts are expected. The UNDP, Ministries, 
NGOs, Universities, International Universities supporting the local programs, and 
ECREEE need to come together for the capacity building of the local communities in terms 
of operation, maintenance, and design of the desalination and energy sectors in a decentralized 
scheme.  
 
COSTS AND ENVIRONMENTAL ASSESSMENT 
The costs and the environmental impact of the roadmap need to be assessed with the help of 
local experts. In that aim, the MEE, Ministry of Agriculture and the Environment, MFP, 
and Electra need to come together in an assessment of the cost of the roadmap. The Ministries 
need to as well facilitate the implementation of the roadmap through regulatory changes, 
enforcing the inclusion of renewable energy in the water sector rather than recommending and 
facilitating it. The regulatory change should also enforce the green energy quota on the newly-
entering water players, with a subsidized contribution for the existing players. The MEE needs 
to also assess the job market and its answer to this change of landscape. 
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2 The Key Challenges for the Implementation of the 
Roadmap 

 
The current water sector in Cape Verde is heavily relying on fossil fuels. The needed change 
to a green landscape could be faced with opposition from the fossil fuel distributors and the 
workers in the sector. In what concerns the greening of the water sector, constituting only 8.8% 
of the electricity one, the change will not only be muted, but would also serve as an institutional 
exercise in preparation for the greening of the entire electricity sector. This roadmap could 
potentially serve as a demonstration project for the general electricity sector.  
 
Another key challenge would be the financial requirements of the projects. In that regard, 
however, the economic weight has shown to be in the order of magnitude of the current 
exchanges and expansions.  
 
Finally, the decentralization of the water generation would impose a heavy mission on the 
governmental institutions in terms of planning, dispatching of funds, and controlling. 
 

3 Role of the Alliance in Enabling the Successful 
Implementation of the Roadmap 

 
The Alliance would play an important role in linking the external players to the internal ones. 
Universities could be connected with the local ones for developing local energy and water 
programs. Advice could also be offered to guide the national efforts toward water 
decentralization, and brainstorming frameworks for their operation and control.  
Finally, this report could be made available in Portuguese for a greater local audience, and key 
local data could be made available in English for the attraction of foreign studies and 
investments.  
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