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ABSTRACT 
Energy is undoubtedly the driving force at the core of the development of any nation. There 
is a direct relation between per capita income and energy consumption. The way this energy 
is produced, supplied and consumed, affects the local and global environment and is therefore 
a key issue in sustainable development. 

The Kingdom of Morocco which is not an oil-producing country is heavily dependent on 
imported energy to meet its energy demand. Morocco relies on imports for nearly 90 % of its 
hydrocarbon needs, with the total cost of its imports fluctuating between US$1 billion and 
US$1.5 billion per year. Electricity supplies are based largely on the combustion of imported 
coal, which is mainly obtained from South Africa, and imported crude oil from Saudi Arabia, 
Iran, Iraq and Nigeria, together with electricity imports from Spain and Algeria. This 
dependence has had an unusually large impact on its economy and environment, affecting 
foreign exchange, the national debt and government revenues and investment budgets 
according to the Moroccan Government. 

In Morocco, the renewable energy sources such as solar energy, wind energy, and biomass 
are plentiful, widely distributed and environmentally attractive. These resources add no net 
contributions to the atmospheric carbon dioxide and add no heat to the global environment. 
Levels of solar insolation exceed 5.00 kWhJm2/day on a horizontal plane in much of the 
country throughout much of the year, wind resources are favourable for both small scale and 
wind farm developments in some locations, hydro resources for micro applications are for the 
most part unexplored but likely to be available in the mountainous regions with good 
precipitation. Whilst bio-energy reserves are scarce throughout much of the arid and semi 
arid regions of the country, urban waste is abundant and offers good opportunity for 
processmg. 

The objective of this thesis is to investigate the feasibility of renewable energy sources in 
meeting Morocco's primary energy demand. 

In this thesis, the energy, electricity, environmental and renewable energy budget for 
Morocco against the global backdrop is discussed and the related institutional, 
implementation and policy frameworks including assessment of barriers are analysed. The 
thesis also addresses renewable energy resource assessment which is a prerequisite to 
undertake any meaningful exercise to integrate renewable energy technologies into rural 
energy plan within the overall national energy scenario in Morocco. 

Furthermore, a comprehensive and scientific model for all important renewable resources 
such as solar, wind, biomass and micro-hydro throughout the country has been developed, 
which is a starting point for all future initiatives including private sector participation and 
market development in this sector. 

The proposed renewable energy plan could set Morocco on the path to a sustainable energy 
system with associated economic benefits setting a model for other African and developing 
countries to follow. The plan clearly contributes to the envisaged purpose of increasing 
renewable energy contribution in the primary energy balance bringing significant social and 
environmental benefits into the process. 

Plentiful wind and solar radiation resources and the proximity to Europe put Morocco in a 
strong position. Import of technology from and export of electricity to Europe could become 
a promlSlng strategy to limit the global greenhouse effect and to boost the Moroccan 
economy. 
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CHAPTER ONE 

INTRODUCTION 



1. INTRODUCTION 

1.1. Background 

This thesis will seek to analyse the prospects for renewable energy applications in Morocco 
with a view to delineating the potential contribution that they can make to current and future 
energy needs for accelerating renewable energy development and utilization in Morocco. 

There have already been efforts by the Moroccan Government and the industrial sector to 
utilise renewable energy sources in the past. These initiatives have not had any significant 
impact on the energy scenario partly because of a non-coordinated approach and lack of 
planning. Enabling policies plans and programs on a national scale are needed. Appropriate 
institutional and human resource capacity will also be needed to translate policies and plans 
into concrete actions. The objectives therefore are: 

D To review the current status of renewable energy development in Morocco, assess the 
prospects and propose a plan for policy development and systematic implementation of 
programs for promoting commercialisation of including appropriate institutional 
structures and linkages. 

D To facilitate through such a plan, a progressively increasing contribution from renewable 
sources of energy as part of the national energy balance and thereby helping to improve 
energy services especially in rural areas, reduce dependence on conventional energy, and 
lead to environmentally sound and sustainable development. 

1.2. Scope 

The thesis will be based on a critical 

D review, analysis and assessment of the current state of renewable energy developments in 
Morocco; 

D assessment of prospects for promoting commercialisation of renewable energy 
applications including appropriate institutional structures and linkages; 

D examination of the available energy sources and existing energy services especially in 
rural areas; 

D analysis of institutional framework including those for policy development, awareness 
building, information dissemination, research, development and demonstration, and 
commercialisation. 

D examination of the policy and programmatic approaches for accelerated renewable 
energy development in similar/comparable geo-political situations and identification and 
incorporating lessons relevant to Moroccan situation. 

D proposals for providing a solution to fuel poverty currently experienced within Morocco. 
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1.3. Process 

During the course of the mission which was spread over 2 years (from November 2002 to 
November 2004), several visits were made to government entities and private institutions. 
The meetings helped to identify the issues that need to be addressed and the roadblocks that 
have hampered the development of Renewable energy in Morocco. The issues so identified 
from the institutional, financial and technical perspectives are discussed in the following 
chapters. 

Prior to and during the mission several documents providing information on the current 
energy situation and evolution of Renewable Energy status was obtained from various 
agencies. Extensive internet research & literature review process as well as field visits were 
carried to form the basis of the thesis. The preparation work involved data collection on the 
basis of a questionnaire which is available in Appendix 1. 

1.4. Research overview 

The Thesis presented here is structured into 11 Chapters. The details and the broad contents 
of each of the chapters are explained below: 

o Chapter 1: Introduction: The current chapter which is the introductory part covers the 
background, objectives, scope, process, structure and contents ofthe thesis. 

o Chapter 2: Situational analysis: Energy, Economy & Environment in Morocco: The 
second chapter of the thesis consists of an introductory part, an analysis of the energy, 
electricity, environment in Morocco 

o Chapter 3: Renewable energy: Global situation: The third chapter discusses and 
analyses the current renewable situations in the world. 

o Chapter 4: Renewable energy: Moroccan situation: The fourth chapter discusses and 
analyses the current renewable situations and the related institutional, implementation 
and policy frameworks in Morocco against the global backdrop. It describes also the 
renewable energy resources available in Morocco. For these resources, the study would: 
bring together and analyze existing data and studies on the renewable resources and 
identifY those areas which require further study and analysis. 

o Chapter 5: Assessment of barriers to renewable energy in Morocco: The fifth 
chapter presents the assessment of barriers, which have been largely responsible for the 
relatively limited development and acceptance of renewable energy programmes in 
Morocco 

o Chapter 6: Renewable energy scenario for India: The sixth chapter looks at the 
Renewable energy Scenario in India and the lessons that can be drawn from the Indian 
experience in promoting power from renewables in Morocco. 

o Chapter 7: Renewable energy prospects for Morocco: Chapter eight analyses the 
renewable energy prospects for renewable energy developments in Morocco. The 
objective of this chapter is to build the case for investigating the feasibility of 
Renewables by evaluating the potential of RE resources and recommend a strategy that 
would ensure the optimum exploitation of the RE resources in Morocco over the period 
2006-2015. 
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o Chapter 8: Renewable energy proposals for Morocco: This chapter consists of a set of 
actionable recommendations and proposals for different renewable energy systems 
development along with the accompanying measures to facilitate this energy 
development. Approximate targets for contribution to the total national energy supply to 
be met from renewable sources of energy will be addressed 

o Chapter 9: Costs and benefits: This chapter analyses the costs and benefits of the 
proposals for short term and long term scenarios. The overall economic justification in 
terms of displacing fossil fuels and or emission reduction will also be addressed. 

o Chapter 10: Conclusions & recommendations: The final chapter presents the 
conclusions and recommendations of this research. 

1.5. Raison d'etre 

The purpose of this thesis is to investigate the feasibility of renewables in meeting the 
Moroccan national energy balance thereby reducing dependence on conventional energy 
sources and leading to environmentally sound and sustainable development. This purpose 
becomes appropriate in the current global scenario where global interest and investments in 
renewable energy have grown significantly. 

Why Morocco? 

The author was contracted by the Moroccan Power utility "Office National d'Electricite" 
(ONE) to carry out the quality control of Solar Home Systems for 16,000 households in rural 
villages throughout four regions in the Kingdom of Morocco. 

This mission was spread over 2 years (from November 2002 to November 2004). The field 
visits and meetings with various institutions (government and private) proved helpful in 
assessing the current energy situation in Morocco. It aims: 

1) To explore renewable energy as a viable alternative to conventional fuels and of the 
importance of new technologies to a future of environmental compatibility and 
sustainable development. 

2) To develop and implement an assessment methodology that would permit the mapping 
of the resource and its potential contribution, taking into account economic, technical, 
environmental, social, and demographic factors for the resources themselves and their 
substitutes; 

3) To analyze the institutional and market opportunities and constraints for the development 
of the renewable resources; 

4) To formulate a plan of action for the development of the various RE resources. 
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CHAPTER TWO 

SITUATIONAL ANALYSIS 



2. SITUATION ANALYSIS: ENERGY, ECONOMY & ENVIRONMENT 
IN MOROCCO 

2.1. Moroccan economy 

The Kingdom of Morocco is located in the north-west comer of Africa bordering the North 
Atlantic Ocean and the Mediterranean Sea, between Algeria and Western Sahara. It covers a 
land area of 446,550 square kilometres bound by 27.55° N to 35.50° N latitudes and 5° W. 
Figure 1 illustrates the kingdom of Morocco. 

Morocco is the closest of the African countries to Europe, separated from Spain by the Strait 
of Gibraltar. In the north, the port of Tangier forms a gateway to Spain. Most of the 
population lives west of the Atlas Mountains, which insulate the country from the Sahara 
Desert. 

Along the coastline of the Atlantic lies a fertile plain which stretches to the Atlas mountains. 
Another mountain range, the Rif mountains, runs west to east a short distance from the 
Mediterranean coast. 

To the south and east lies the Sahara Desert. The Sahara is the world's largest desert and in 
Arabic its name means "wilderness". The desert is not entirely flat and waterless. The streams 
in the hills and the oases in the desert support both human and animal life. 

Morocco regained its sovereign independence in 1956 after having been administered for 44 
years as a French Protectorate with a smaller Spanish Protectorate in the North, although the 
northern ports of Ceuta and Melilla have remained as Spanish enclaves . 
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Figure 1: Kingdom of Morocco 

(Source: www.infopiease.com) 
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The population of Morocco was estimated at 29,631,000 in 2002. The population is projected 
to increase from 31 million in 2005 to 36 million by 2015 at the current growth rate of 1.6 %. 
In 2004, Morocco's annual Gross Domestic Product (GDP) per capita was US$4,113 and real 
GDP increased an estimated 3.7% because of strong growth in the energy and mining sectors 
and the beginning of the tourism sector's recovery. The Moroccan economy grew especially 
rapidly in 2003 because of ample rainfall but fell short in the last 2 years, largely due to a 
slowdown in the agricultural sector, which employs 43% of the population. Agriculture 
production is extremely susceptible to rainfall levels and ranges from 15% to 20% of GDP 

Other important Moroccan economic sectors include mining (Morocco has the world's largest 
phosphate reserves). Related industries include the production of fertilizers and phosphoric 
acid. Morocco also has an expanding manufacturing base (Umberto et aI, 2004) 

The country suffers from several socioeconomic problems including poverty, urban 
overcrowding, inadequate housing infrastructure, and illiteracy, which reaches 83% for 
women in rural areas. Still, unemployment and underemployment remain the principal 
socioeconomic problem. While the unemployment rate was estimated to be 10.4% at the end 
of2004, this masks higher rates in urban areas (18%) and among college graduates (24%). 

The agriculture, fishing and forestry sectors employ over a third of the working population 
and arable land is used for commercial farming. Growth has been volatile as a result of 
recurrent drought conditions and unemployment remains high. The manufacturing sector in 
Morocco is dominated by small enterprises. Handicrafts are an important industry and craft 
products are exported throughout the world. 

Over the period, Morocco will have to diversifY its economy away from agriculture to 
develop a more stable economic basis for growth. 

2.2. Energy economy 

The Kingdom of Morocco, a country with very limited energy resources, is the largest energy 
importer in northern Africa. According to the Ministry of Energy & Mining (MEM), 
Morocco relies on imports for nearly 90 % of its energy needs, with the total cost of its 
imports fluctuating between US$1 billion and US$I.5 billion per year. (MEM, 2005) 

Domestic output does not satisfY Morocco's energy demand and petroleum products are the 
main fuels consumed in Morocco. 

In March 2000, Morocco modified its hydrocarbons law in order to, among other things; offer 
a 10-year tax break to offshore oil production firms and to reduce the government's stake in 
future oil concessions (to a maximum of 25%). The entire energy sector is due to be 
liberalized by 2007. 

Recognising that tariff surcharges undermine the competitiveness of its industry, Morocco 
has been gradually reducing tariffs on industrial and agricultural customers since 2000, with 
small autonomous electricity providers receiving additional tax relief on fuel. 

In an effort to reduce oil prices due to supply shortages, the Moroccan government 
announced in February 2003 that foreign companies could import oil without having to pay 
import tariffs. 

The government has confirmed that there will be opportunities for private sector involvement 
in the expansion of Morocco's energy supply system. It is hoped that independent power 
projects will provide half of the investment necessary to meet rising demand for power. 
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The main thrust of Morocco's energy policy is as follows: 

o To promote renewable energy power plants; 

o To make more effective use of the country's hydro-electric potential; 

o To continue the electrification of rural areas; 

o To introduce natural gas as an energy option (made possible by the Maghreb-Europe 
pipeline); 

o To encourage prospecting for oil and gas through attractive legislation; 

o To develop expertise in the field of nuclear energy in anticipation of the construction of a 
nuclear power plant by 2012; 

o To award concessions for the production of electricity to private-sector operators; 

o To extend the distribution of electricity to the entire country; 

o To rationalize power consumption and work to eliminate waste. 

2.3. Primary and final energy 

The total primary energy consumption of Morocco in 2001 was 11 million tonnes of oil 
equivalent (mtoe) and is forecast to steadily increase to 17 mtoe by the year 2015. (IEA 
2005).The source wise distribution of Moroccan primary energy consumption for 2001 IS 

shown in Figure 2. 
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Figure 2: Primary energy sources in Morocco 

(Source: lEA Energy 2005) 

The major contribution to the primary energy consumption comes from oil, followed by Coal. 
Solid biomass also makes a contribution. Natural Gas, Hydroelectic & other renewables 
account for 0.3% , 0.7% & 0.2% respectively. 
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Morocco's annual per capita energy consumption in 1985 was 231 kilogram of oil 
equivalents (kgOE). In 2005 it was around 390 kgOE which is only a fraction of the average 
in industrialised countries, ie 3864 kgOE for UK, but its demand is drastically increasing, 
especially in rural areas. However, Morocco's balance of trade has a deficit of more than 
30% and its foreign debts are constantly increasing due to its strong dependency on primary 
energy importation. The Moroccan primary energy consumption and projections per capita 
are given in Figure 3. 
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Figure 3: Primary energy consumption & projections per capita in Morocco 

(Source: UN Common Database-CDIAC) 
In 2001, Morocco's final energy consumption was more than 8.3 mtoe and its distribution 
across sectors is shown in Figure 4. 
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Figure 4: Sectoral final energy consumption 

(Source: lEA Energy 2005) 
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The Non-energy use is the major consumer followed by the industry, the residential sector 
and the transportation sector. The share of various sectors in consumption has remained more 
or less the same in the last few years. 

2.4. Energy sources 

The vast majority of Morocco's electricity is generated in thermal power plants that burn oil 
and coal. Table 1 illustrates this. All of the oil is imported, and according to January 2005 
estimates by the Oil and Gas Journal, Morocco has proven oil reserves of only 2 million 
barrels and a production of 0.2 thousand barrels per day. Natural gas reserves estimated at 1.2 
billion m3

. This is far low comparing to Algeria which has reserves of 11,314 million barrels 
and gas reserves of 4530 billion m3

. Morocco may have additional hydrocarbon reserves, as 
many of the country's sedimentary basins have not been explored yet. 

Morocco produces a small and declining amount of coal from a mine at Jerada and the 
country imports around 3 million tonnes of coal a year. Most of the coal comes from South 
Africa. The United States and Columbia are also key suppliers. CCder, 2005). 

Table 1: Energy supply indicators, Arab Maghreb Union 

Source: lEA 

Petroleum 
Production, 

Crude Oil Reserves Natural Gas Reserves, Coal Reserves (Thousand 
Country (Million Barrels) (Billion m3

), (Million Tons) Barrels Per Day) 

Algeria 11,314 4530 40 1,050 

Libya 36,000 1314 0 1,400 

Tunisia 308 78 0 66 

Morocco 2 1.2 0 0.2 

2.5. Electricity 

As mentioned above, the bulk of the electricity supply in Morocco comes from thermal 
stations and uses coal and oil. It has four thermal power stations, seven gas turbine power 
stations and a number of diesel power stations, which together produce 1,733 MW. The 
overall power production amounted to 2,420 MW in 1994. This has been increased to over 
3,500 MW of installed power in 1997 and a total power production of approximately 5,000 
MW in 1998. 

Electricity is also imported from Algeria and Spain and the Moroccan government is 
encouraging increased hydroelectricity production. 

Morocco has approximately 22 hydroelectric plants with a combined power output of 687 
MW. Coal and Oil account for 70% & 24% respectively whereas Hydropower accounts for 5 
% of electricity supplies and wind power 1 %. Figure 5 illustrates the electricity generation 
by fuel CCDER, 2005). 
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Figure 5: Electricity generation by fuel 

(Source: CDER) 

Morocco's electrical sector has traditionally been the responsibility of the state-owned Office 
National de l'Electricite (ONE). Due to a growing population and economic development, 
Morocco's electricity demand is increasing rapidly. Between 1980 and 2001, electricity 
consumption grew an average of 5.7% per year; however, only 50 % of the rural population 
has access to electricity. 

Power shortages and a desire to control public spending have led the Moroccan government 
to make more use of the private sector to meet the country's power needs. The increasing 
commonness of these arrangements is expected to cause the state's share of electricity 
generation to decline to 40% by 2020. 

In 2002, the total electricity consumption was 18.5 TWh and is expected to reach 20.5 TWh 
in 2007 [5]. The consumption per capita in Morocco is estimated to be 600 KWh which is 
only 10% of UK's electricity consumption per capita. 

Figure 6 illustrates the Electricity consumption and projections in Morocco from 1980 to 
2007. 
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Figure 6: Electricity consumption in Morocco from 1980 to 2010 

(Source: UN Common Database-CDIAC) 

Overall, Morocco is expanding its power generation in various areas to meet its growing 
needs for increasing electrical consumption. Power agreements between various countries, 
increased Independent Power Producers (IPP) use, photovoltaic and solar power, and hydro 
production, have allowed Morocco to meet its power needs in a variety of power-producing 
forms. 

Since 1994 the electricity market in Morocco has been successively opened to private power 
producers and suppliers. Law 2-94-503 of 23 September 1994 gave the state supplier Office 
National de l'Electricite (ONE) the possibility of inviting tenders from private investors and 
operators for projects with a generating capacity of more than 10 MW. Primarily this was 
intended to overcome financial shortages in the state-owned company. In practice the projects 
are set up according to the Build-Operate-and Transfer (BOT) model, which are transferred to 
the ownership of ONE after 30 years. 

2.6. Environment 

According to current trends presented earlier, most of the increased demand for energy is 
expected to be met from hydrocarbon energy sources. This will have local and global 
environmental effects as the Carbon dioxide emissions for 2002 which were 43663 thousand 
metric tons is expected to increase to around 53000 thousand metric tons by the year 2010. 

For Morocco to move towards greater sustainability, and environmental and social 
responsibility, future energy development must reduce its expected Carbon dioxide 
emISSIOns. 
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Figure 7 illustrates the Carbon dioxide emissions and projections in Morocco. 
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Figure 7: Carbon dioxide emissions in Morocco from 1980 to 2010 

(Source: UN Common Database-CDIAC) 

Consequently renewable energy technologies could playa key role in Morocco's growing 
energy needs without adverse environmental impacts. (EC, 1995) Options such as wind 
electric generation and solar concentrating technologies can make significant contributions to 
Morocco electricity supply. (Berdai, 2001). In the un-electrified areas, small-scale renewable 
energy technologies can offer proven, cost-effective and environmentally benign alternatives 
to grid extension. Similarly, in the rapidly growing urban centres of Morocco, such as Rabat 
and Casablanca, grid-connected renewables and thermal energy from renewables, and "waste
to-energy" projects can be justified on both economic and environmental grounds. These 
technologies are discussed next. 
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CHAPTER THREE 

RENEWABLE ENERGY: GLOBAL SITUATION 



3. RENEWABLE ENERGY - GLOBAL SITUATION 

Global interest and developments in renewable energy have grown dramatically in recent 
years. Among the renewable energy sources, Biomass is the largest contributor to primary 
energy globally and Hydro-electricity is the largest renewable energy source providing 
electricity. (Apier 2003) 

Investments in 2005 pushed global renewable energy to 184 GW of power capacity, about 
4% of global power sector capacity. This excludes large Hydropower which is around 748 
GW. The number of households with solar hot water increased to 46 million, and altogether 
320 GWth l of heating capacity was provided by solar, biomass, and geothermal. Annual 
production of biofuels - ethanol and biodiesel - reached 33 billion litres, almost 3% of the 
1200 billion litres of gasoline produced annually. The global installed capacity in Renewable 
technologies till end 2005 is shown in Table 2. 

Table 2: Global installed capacities of different renewable energies in 2005 

(Source: Renewable Energy Policy Network: 2006). 

E:X:isting~paeity~nd*~.4, " " 'Pow~~generation . "':' , ... ", ". ::":':' : .... .",' ... 
Small hydropower 66GW 

Wind power turbines 59GW 

Biomass power 44GW 

Geothermal power 9.3GW 

Solar PV, off-grid 2.3GW 

Solar PV, grid-connected 3.1 GW 

Solar thermal power OAGW 

Ocean (tidal) power 0.3GW 

Total renewable power capacity 184GW 

Hot watetl$paee:heatmg ',. 

". 
.' '.' 

Biomass heating 220 GWth 

Solar collectors for hot waterlheating (glazed) 88 GWth 

Geothermal direct heating 13 GWth 

Geothermal heat pumps 15 GWth 

Households with solar hot water 46 million 

Buildings with geothermal heat pumps 2 million 

Transporifuels . , ... ,".', ! 

, 

Ethanol production 33 billion litres/year 

Biodiesel production 3.9 billion litres/year 

I GWth: A new data expressed in GigaWatt therrnies, rather than in square meters of installed collector area. A 
factor of 0.7 kWth/m2 is used to derive the nominal capacity from the area of installed collectors.(ESTIF,2005) 



These global capacities reflect staggering growth rates in recent years. The fastest-growing 
energy technology in the world has been grid-connected solar PV, with total existing capacity 
increasing from 0.16 GW at the start of 2000 to 3.1 GW by the end of 2005, for a 60% 
average annual growth rate.(Maycock,2005). During the last five-year period, other 
renewable energy technologies also grew rapidly (annual average) - wind power 28%, 
biodiesel 25%, solar hot water/heating 17%, off-grid solar PV 17%, geothermal heat capacity 
13%, and ethanol 11 %. Renewable energy power generation technologies, including biomass, 
geothermal, and small hydro, are more mature and are growing by more traditional rates of 
2%-4% per year. Developing countries as a group have substantial shares of these 
renewables totals - 45% of power capacity, 70% of solar hot water capacity (mostly China), 
and almost 50% of annual biofuels production (mostly Brazil). The global status in some of 
the relevant renewable energy sources are examined in the following section. 

3.1. Photovoltaic technologies 

3.1.1. Global trends 

The market for photovoltaic (PV) power applications has expanded rapidly over the last 
decade (Sunderesan,2006).Production expansion continued aggressively around the world in 
2005 and the photovoltaic industry produced worldwide some 1,727 MWp of photovoltaic 
modules (Maycock,2006). Figure 8 portrays the world PV production from 1990 to 2005. 
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Figure 8: World PV cell/module production from 1990 to 2005 

(Source: PV News -April 2006) 
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World solar photovoltaic (PV) market installations were 1460 Megawatts in 2005, 
representing growth of 57% over 2004 installations. The two largest country markets, 
Germany and Japan, accounted for 77% of the total world market installations in 2005 
(Hoffmann, 2006). Figure 9 shows the World PV market installations in 2005. 
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Figure 9: World PV market installations in 2005 

(Source: Solarbuzz, 2005) 

The PV market can be split into on-grid (grid-connected) and off-grid (stand-alone) 
applications. On-grid applications can be further divided into two major sectors which are 
broadly determined by their size: larger centralised power plants and smaller distributed or 
rooftop systems. In the early eighties the largest PV market sector was for stand-alone PV 
systems with a few large centralised demonstration systems, eg California. Since 1990 with 
subsidies from government supported programmes, grid-connected distributed PV has 
increased dramatically and is now the largest market sector in Japan, Germany, US, Span, 
Italy and UK. (D.L Talavera et aI, 2005).While grid connected systems accounted for only 
20% of the market in 1994, this has grown to 60% in 2005. The grid connected distributed 
systems are currently the motor of the PV boom. 

Crystalline silicon technologies have traditionally had the major market share for PV cells 
and modules and continue to do so. However amongst the two major crystalline silicon 
technologies mono-crystalline silicon had the biggest market share till 2000, when poly
crystalline silicon gained a larger market share. Amorphous silicon and ribbon silicon also 
have significant shares in the global PV market. Figure 10 shows the market shares of the 
different PV technologies in 2005. 
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Figure 10: Share of PV technologies in 2005 

(Source: PV News, 2006) 

The costs of manufacturing the solar cells and modules have been decreasing steadily and the 
price of modules has fallen by 5% per annum over the last 20 years (Meena et AI, 2004). As a 
direct consequence of this the costs of solar electricity is decreasing as well as about 50% of 
the installed cost of the system comprises of the cost of module. Figure 11 shows the falling 
cost of PV modules over the years. 
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Figure 11: Falling cost of PV modules 

(Source: EPIA) 

On the supply side, the manufacture of solar cells and modules is currently concentrated in 
three areas-Japan, Europe and United States. The top three global manufacturers in 2005 
were Sharp, Kyocera, and BP Solar. Several of these and other companies are currently 
increasing their production volumes and upgrading their production facilities. Sharp and 
Kyocera have major cell manufacturing facilities in Japan. BP Solar has cell manufacturing 
facilities in Australia, India, Spain and the USA. 
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China and other developing countries have emerged as solar PV manufacturers. Chinese 
module production capacity doubled during 200S, from SO MW to 100 MW, and cell 
production capacity increased to 70 MW. (Emil ter Horst et aI, 2006). India has eight cell 
manufacturers and 14 module manufacturers. Further capacity is being added in the 
Philippines and Thailand. The Middle East market which is currently 3 MWp annually is 
expected to grow to about 38 MWp in 2010 and 1.S GWp in 2020. (Pvmti, 2006) 

By the end of 200S, cumulative PV production in the world had quadrupled to more than 4 
GW. Plans announced by major manufacturers for 2006 included at least a 400 MW increase 
in production capacity and several hundred megawatts further capacity in the 2007-20lO 
period. Figure 12 gives the projected growth for the world regions 
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Figure 12: Annual PV markets forecast 

(Source: EPIAIGreenpeace, 2001) 

3.2. Solar Thermal Technologies 

3.2.1. Global trends 

Solar thermal technology applications include solar water heating, solar space heating and air 
conditioning, drying and electricity generation. 

• Solar water heating 

After more than 20 years of technical development, the technology is now mature with a 
number of different system types available in the market designed to meet the individual 
requirements of different climates and customers. 

Solar water heating is now considered commercial and can be compared favourably against 
conventional water heating fuels. However costs still need to be reduced for more wide scale 
uptake of the technology. Further research is looking at the needs of the solar water heating 
industry and the preparation of common standards to ensure high quality products. 

The solar water heating market is large with established markets in the USA, Japan, Greece, 
China, India, Tunisia, Jordan and Palestine. Government support through either regulations or 
incentives has played a large role in the expansion of the market in these countries to date. 
(Chandrasekar et a1200S) 
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The world's largest market for solar hot water collectors is China, with 80% of global 
additions in 2004. Total sales volume in 2005 in China was 15 million square metres, a 26% 
increase in existing capacity. China now accounts for 60% of total installed capacity 
worldwide and employs some 250,000 people in this industry. Solar hot water/heating 
technologies also contribute significantly to the hot waterlheating markets in Europe, Israel, 
Turkey, and Japan. Dozens of other countries have smaller markets. Active solar space 
heating, in addition to hot water, has captured a significant market share in some European 
countries (Ren21, 2006). Figure 13 shows the World Solar Water Heating Systems (SWHS) 
market installations in 2005. 
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Figure 13: World SWHS market installation in 2005 

(Source REN21, 2006) 

• Space solar heating, air-conditioning, drying 

Space heating is achieved using large solar collector surfaces and is used in conjunction with 
conventional heating in some countries where the winter is long and cold. One technique 
using the thermal mass of the concrete floors as heat storage is being developed further. 
Solar hot air collectors have been used for space heating gyms, indoor swimming pools and 
halls in Europe for over 20 years and also for heating private dwellings. Adequate roof space 
is required for solar space heating but there have been projects involving smaller houses, one 
demonstration project in Italy involves 517 houses (Altner, 1994). However at present these 
technologies are not considered commercially competitive. 

Solar air conditioning has been demonstrated successfully in Southern Europe but use is not 
widespread due to the high capital costs. 

Simple solar drying has been used in agriculture successfully and several demonstration 
projects for solar drying of fruit and vegetables have been demonstrated in Southern Europe. 
Solar drying of wood and tobacco has been pursued actively in Latin America and drying of 
Bananas in South East Asia. 
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• Solar thermal electricity generation 

Since 1977, research is being carried out under the lEA's programme for solar power and 
chemical energy systems, SolarP ACES. There are three main types of concentrating solar 
power systems (lEA 2001): 

o Trough systems use linear parabolic concentrators to focus sunlight to a receiver 
running along the focal line of the collector. The solar energy is absorbed in a working 
fluid, typically a heat transfer oil or steam which is used in advanced systems, which is 
then piped to a central location to power a conventional steam turbine; 

o Power tower systems have a field of large two-axis tracking mirrors reflecting solar 
energy onto a receiver that is mounted on top of a centrally located tower. Solar energy is 
absorbed by a working fluid and then used to generate steam to power a conventional 
turbine; 

o Dish/stirling engine system uses a parabolic dish concentrator to focus sunlight to a 
thermal receiver and a stirling engine, located at the focus of the dish to generate power. 

In the early 1980s the first serious large experimental electricity generator schemes were built 
using high temperatures and many using central receiver systems including a 10 MW system 
in California. Other experiments were built in Sicily, Spain, France and Russia. However 
most of the world's solar generated electricity is generated at a large solar power station in 
the Mojave Desert in California using parabolic trough concentrator systems. The nine 
systems installed vary from 13 MW to 80 MW schemes. (Jurgen et aI, 2004). The collectors 
heat synthetic oil, which then produces steam via a heat exchanger for a conventional steam 
turbine. Conversion efficiencies of up to 22 % solar to electricity have been achieved while 
the efficiency average over a day is 14 % (Boyle, 1996). With increased experience the 
energy costs had fallen by about 30% over the years. 

SolarP ACES states that cost reductions can be anticipated as current technology is improved 
and new design concepts are realised. As plant sizes increase and demand rises, decreasing 
costs can be predicted to reach the point of full market competition. Some Technical 
characteristics of concentrating solar power systems are given in Table 3. 

Table 3: Technical characteristics of solar thermal electric options 

(Source: lEA SoiarPACES) 

System Peak Efficiency Annual Efficiency Annual Capacity Factor 

Trough 21% 10 to 12% 24% 

14 to 18% 25 to 70% 

Power Tower 23% 14 to 19% 25 to 70% 

Dish/Engine 29% 18 to 23% 25% 

The price of electricity from parabohc troughs IS projected to be 0.04 US$/kWh by 2020. 
Based on this cost reduction perspective, a study commissioned by the World Bank envisages 
US$600 million to US$I,750 million investment in concentrating solar power from the 
Global Environment Facility (GEF) in the coming years. With this support, together with 
other preferential financing and green pricing mechanisms, solar thermal electricity 
generation technology is expected to move towards full competitiveness within the next two 
decades (Solarpace, 2005). There are projects, which are being implemented with GEF 
assistance in Egypt, India and Mexico. 
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3.3. Wind energy technologies 

3.3.1. Global trends 

Wind energy is one of the most competitive renewable energy technologies and is considered 
an attractive business proposition in several electricity markets. In several key markets such 
as Germany, Spain, Denmark and India, wind energy returns are commercially attractive. 
Wind power was also considered as a major energy alternative to address global warming and 
climate change. The Intergovernmental Panel on Climate Change (lPCC) has identified wind 
energy as one of the technologies which could make a major contribution 

According to the Global Wind Energy Council the total capacity of global wind power grew 
to almost 59,000 MW during 2005. This was an increase in cumulative installation of24%. 

Europe maintained its role as the largest wind power continent in 2005, with 66% of all new 
installations. (Murat et AI, 2005) 

Asia registered strong development with 15% of installation share, mainly driven by the 
markets in India, Japan and China, followed by North America (19 %). The regional 
distribution of the wind power capacity is shown in Figure 14. 
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Figure 14: Regional distribution of cumulative wind power capacity in 2005 

(Source: GWEC, 2006) 

The countries with the highest total installed wind power capacity are Germany (20,240 
MW), Spain (11,790MW), the United States (11,580 MW), India (5,860 MW). Denmark 
(3,140 MW) and a number of countries, including Italy, the Netherlands, Japan, China and 
the UK, are above or near the 9000-MW mark. Expansion has been fastest in Europe, which 
leads the world in manufacturing and developing the technology. Every continent has now 
begun to install turbines and they are being installed in widely ranging political/economic 
situations and across a broad range of geographical terrains (Greenpeace). Middle East and 
the Arab region are also witnessing an increased wind energy development, especially Egypt. 
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There are three trends visible in the global wind energy markets, which are (Mnes, 2005): 

o Higher unit sizes of machines: The unit size of machines which were in the 200 kW 
range in the early 90s is now around the 1 MW mark. The average unit size for the 
German market in mid 2001 was 1.21 MW. 

o Off-shore developments: The second trend, which is seen predominantly in Europe is 
the off-shore wind-farm developments of wind farms. There were 86 MW of off-shore 
capacity installed at the end of 2000 and there are plans for development of over 3000 
MW of additional off-shore wind farms in Europe by 2007. It can be said that the off
shore developments have also been one of the drivers for the increase in unit sizes. 

o Changes in market segmentation: The third trend is the increase in the share of utility 
owned or commercial wind energy installations. In 1995 about 75% of the market 
consisted of small privately owned projects and 24% owned by utilities and commercial 
developers. In 2000,53% of the market belonged to the commercial segment and 46% in 
small privately owned projects. 

There is no doubt about the technical feasibility of wind power since the reliability and 
fatigue life has been demonstrated. The reliability of the turbines has increased and turbines 
now operate with a reliability of between 97 % and 99 %. 

There are mainly five policy models, which have been used globally to accelerate wind 
energy development. These are: 

o Fixed buy-back prices: Here the rate at which wind electricity would be purchased by 
the utilities is fixed by the governments. Usually these prices are fixed at levels which 
are attractive enough to induce private investments in wind energy. This is the model 
which has been followed in Germany, Spain, Denmark and India; 

o Portfolio Standards: mandate a specific percentage of the total generation of a utility to 
come from renewable energy sources or specifically wind. This is used in the US market; 

o Bidding process: involves projects being awarded to the ones who offer the lowest 
energy price from wind. This is also being followed in US and Ireland and was the past 
practice in the UK; 

o Tax incentives: involves favourable tax policies and savings for wind energy projects 
like accelerated depreciation, tax holidays etc. This has been followed in India. 

o Project specific models: involves identifying a potential location for wind energy and 
inviting developers to develop large wind farms on a B-O-O-T (Build-Own-Operate and 
Transfer) or B-O-O-M (Build- Own-Operate and Maintain) models. Such models have 
been successfully implemented in countries such as Egypt. 

Of the five models the fixed buy-back models has been the most successful one to accelerate 
the wind energy developments (Lewis,2004) (lEA, 2005): 

According to forecasts, the European wind energy development is considered to continue 
driving the world market in 2009 as well. The Americas will have an increased growth driven 
by markets in the US followed by Asia driven India, China and the middle-east. According 
the Global Wind Energy Council, the global capacity is expected to increase by 70 GW 
during 2005-2009 to 120 GW. 

The cumulative installed capacity and projected wind energy development globally till 2009 
is shown in Figure 15 
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Figure 15: Cumulative installed capacity & forecast for global wind power development 

(Source: BTM Consult, GWEC- 2005) 

3.4. Hydro-Power technologies 

3.4.1. Global trends 

Hydro power is the largest electricity producing renewable energy technology in terms of 
installed capacity and energy yield globally. It is considered the most mature of all the 
renewable technologies, and also the longest lasting, with some schemes achieving over 100 
years of operation. 

Large hydro projects with storage dams tend to have a high environmental and political 
impact (about 40 million people world-wide have already been displaced by large dams) but 
can provide large amounts of power on demand. Smaller 'run-of-river' schemes have 
minimal impact but are more dependent on seasonal rainfall patterns. 

The world's total technical feasible hydro potential is estimated at 14370 TWh/year, of which 
about 8082 TWh/year is currently considered economically feasible for development. About 
740 GW (or about 2600TWh/year) is already in operation. Most of the remaining potential is 
in Africa, Asia and Latin America (International Hydropower & Dams World Atlas and 
Industry, 2001): 

Table 4: Estimated hydro potential 

(Source: International Hydropower & Dams World Atlas and Industry) 

Technically feasible potential Economically feasible potential 
(TWh/year) (TWh/year) 

Africa 1750 1000 

Asia 6800 3600 

North & Central America 1660 1000 

South America 2665 1600 

32 



As illustrated in Table 4 & Figure 16, North America and Europe have developed most of 
their economic potential, but huge resources remain in Asia, Africa and South America. 
135 GW of new hydro capacity is expected to be commissioned by 2010. 
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Figure 16: Estimated hydropower potential by continent 

(Source: International Hydropower & Dams World Atlas and Industry) 

The World Energy Council defines renewables as "forms of energy which are not exhausted 
by use." The reservoirs used by large hydro plants frequently are "exhausted by use" due to 
the loss of storage capacity to sediments. One of the reason that large hydro is not considered 
sustainable due to its irreversible impacts, in particular the extinction of species, and 
destruction of ecosystems and human cultures. Some of the impacts of large hydro, for 
example the blocking of fish migrations and trapping of sediment, can be considered 
reversible if the dams are to be decommissioned. 

The other main reasons to exclude large hydro as renewable are: 

1. Large hydro does not have the poverty reduction benefits of decentralized renewables 
2. Including large hydro in renewables initiatives would crowd out funds for new 

renewables 
3. Promoters oflarge hydro regularly underestimate costs and exaggerate benefits 
4. Large hydro will increase vulnerability to climate change 
5. There is no technology transfer benefit from large hydro 
6. Efforts to mitigate the impacts of large hydro typically fail 
7. Large reservoirs can emit significant amounts of greenhouse gases 
8. Large hydro is slow, inflexible and getting more expensive 
9. Many countries are already over-dependent on hydropower 
10. Large hydro reservoirs are often rendered non-renewable by sedimentation 
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Every hydro plant is unique in its design, location and impacts. While there is no directly 
proportional relationship between the installed capacity of a hydro plant and its impacts, in 
general one can expect higher impacts as the size of the project increases. Small and Micro 
hydro can, if responsibly implemented, be environmentally and socially low-impact and 
provide many of the benefits of new renewables, in particular providing power and related 
development benefits to dispersed rural communities. Small and Micro hydro plants can be 
built as "distributed power" -small, geographically dispersed units of capacity that are built 
close to the end user. This minimizes transmission costs and power losses and grid reliability 
concerns and spreads out the local economic development benefits of project construction 
and access to power. Distributed power enables new capacity to be added incrementally in 
step with rising demand, has lower capital investment requirements and is quicker to build 
than big, centralized projects. These distributed benefits, as well as the ability of new 
renewables and small hydro to use locally available resources, mean they are often the best 
option for providing power to the low-income, dispersed populations of rural areas in 
developing countries. 
To date there is still no internationally agreed definition of 'small' hydro; the upper limit 
varies between 2.5 MW and 25 MW. A maximum of 10 MW is the most widely accepted 
value worldwide, although the definition in China and India stands officially at 25 MW. 

'Small' hydro is seen as having minimal environmental impact compared with large hydro, 
and is included within measures promoting renewable energy technologies and 'green' 
electricity (whereas large hydro is not). There are nevertheless an increasing number of 
institutional and environmental barriers to be faced in gaining permission to implement new 
small hydro schemes, and this is hindering progress in many countries. 

Small hydro currently contributes over 40 GW of world capacity. China alone has developed 
more than half of this capacity, and plans to develop a further 10 GW in the next decade. 
European companies have pioneered much of the technical development, and in recent years 
have dominated international equipment supply and installations. 

Figure 17 illustrates that installed costs of small hydro projects tend to be in the range 
2,500 $/kW to 3,000 $/kW for the larger schemes. At the smaller end of the spectrum 
«500 kW), the costs can vary widely depending on the site and the country involved, and can 
exceed 10,000 $/kW. Costs can be minimised by using indigenous expertise and technology, 
if available. 
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Figure 17: Installed costs of mini-hydropower schemes 

(Source: International Hydropower & Dams World Atlas and Industry) 
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3.5. Biomass technologies 

3.5.1. Global trends 

Biomass, defined as all land and water based vegetation as well as all organic wastes, 
fulfilled almost all of humankind's energy needs prior to the industrial revolution. The world 
production of biomass is estimated at 146 billion metric tons a year, mostly wild plant growth 
It is still the predominant form of energy used by people in the less developed countries, 
accounting for approximately 11.2 % of world energy use although due to the nature of the 
resource the real contribution difficult to estimate (Ireda, 2005. 

Anaerobic digestion to produce biogas is a well understood and much used technology. 
Anaerobic digesters have been used for sewage sludge for over 100 years and small biogas 
plants for human and animal wastes are in widespread use in China and India where they 
have been promoted by both government and non-government agencies. There was rapid 
expansion in the Chinese biogas programme in the 1960s and 1970s, which resulted in 
several million digesters, however due to poor construction and lack of local involvement 
many of them fell into disrepair. Their digesters are now becoming more common again in 
China. The construction of the digesters varies widely between large high tech digesters on 
pig farms in Denmark and the floating dome digesters in India to small hand-built digesters 
with fixed dome in China. It is estimated that over 3 million such plants have been installed 
in India in end 2000. (Mnes, 2005) 

The biogas can be used directly or to generate electricity in either internal combustion 
engines or gas turbines. The capital cost of the equipment is still relatively high. An 
example in India of a community biogas plant generating 5 k W of electricity worked out the 
unit cost at 0.25$/kWh. This is more expensive than the grid electricity, though more reliable. 
It would be possible to reduce the unit cost considerably if the plant ran for more hours. In 
comparison a project in the UK expects to generate electricity at 0.08$/kWh. The generation 
technologies are being researched continually to improve their efficiency and therefore 
reduce costs. 

Biomass can be converted directly by burning in a confined container usually a boiler and the 
resultant steam to be used in a conventional turbo-generator. In some cases such as bagasse
based projects in Hawaii, South Africa, India and some pacific sugar producing islands, the 
systems are also used for providing process heat or cogeneration. There are direct combustion 
plants, which operate on wood, rice husk, saw dust, etc. Some times handling of biomass 
such as saw dust, husks and stalks are difficult due to their scattered nature and low thermal 
efficiency. In order to ensure maximum and efficient exploitation of bio-resources, it is 
desirable to densify them into manageable units with high thermal value. This process is 
called briquetting or pelletisation. Briquetting has been done globally for coal dust and peat 
for more than 100 years (A. K. Tripathi & AI,1998). 

Gasification is a promising technology, which was first used as coal gasification to produce 
'town gas' and was widely used for many decades before being displaced by natural gas. 
There is resurgence in biomass gasification in recent years because it produces a fuel much 
cleaner than the original biomass. Agricultural and food processing wastes in particular lend 
themselves to this technology. Gasifier feedstocks that have been tested include bagasse, 
olive oil residues, straw, forestry residues and alfalfa. Rice husks are one of the most 
common agricultural residues in the world and gasifiers have been operating successfully in 
India, Indonesia, China and Mali for a number of years. (Natarajan 1998) 

As with the digester produced biogas the 'producer gas' is used directly or for electricity 
generation. A commercial biomass integrated gasification combined cycle scheme has been 
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built in the UK with a capacity of 10 MW using forestry residues and short rotation coppice. 
Future developments include the use of a wider range of fuels to encompass new feedstocks 
and new gasification techniques as well as improved efficiency, increased power range and 
reduced life cycle costs. (Ravindranath, 1993) 

Fuel for transportation can be produced from vegetable oils. Many vegetable oils can be 
burnt directly in diesel engines, either pure or blended with diesel oil. However blends with a 
high proportion of vegetable oil tend to clog up the engine so the vegetable oil is combined 
with ethanol or methanol to give a superior petrol substitute. At present, blends of up to 30% 
vegetable oil with diesel are the main application. Coconut oil is used in the Philippines, palm 
and castor oil in Brazil and sunflower oil in South Africa. However due to the high 
processing costs and current yields, the application of vegetable oil is limited to places where 
oil is imported and expensive. 

3.6. Geothermal energy 

3.6.1. Global trends 

About 8000 MW of Geothermal energy capacity was installed world-wide towards the end of 
2000. Most of these are base-load power stations which generate several 100s of MW. The 
geothermal power plants tap into the steam at high temperatures and pressures found under 
hard clay caps. In end 2000, the US had geothermal power plants aggregating 2248 MW, 
followed by Phillipines totalling 1909 MW. The other key geothermal energy developers 
include Italy (785 MW), Mexico (755 MW) Indonesia (589 MW) and Japan (547 MW). The 
global geothermal capacity is estimated to grow to over 11,000 MW by 2005. This growth 
will be driven by the current developments in Indonesia, Phillipines, Mexico, Turkey, Italy 
and Kenya. (Ramazan Kose, 2006).One of the emerging trends is the shift from large power 
plants to mini-geothermal power plants, usually in the 1-5 MW range. The World Bank's 
Indonesian Renewable Energy project consists of a 3 MW geothermal power plant. 
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4. RENEWABLE ENERGY- MOROCCAN SITUATION 

The Kingdom of Morocco is well endowed with renewable energy resources such as sun and 
wind and to a lesser extent with biomass and hydro resources. While the solar radiation 
conditions are similar or even slightly better in the other North African countries, the strong 
and steady Passat winds and its long coastline with the Atlantic put wind energy in Morocco 
into a unique position. 

The geographic and meteorological situation of Morocco offers very favourable conditions 
for the development of solar energy. Yet, the achievements made as compared to the 
estimated potential are modest. For Instance the achievements for Solar PV as on December 
2004 were around 7 MW of installations against a total potential of 35-50 MW/ km2

• Total 
number of solar water heaters installed in 2004 is estimated to 111,332 CCder, 2005). 

Similarly wind resources in Morocco are considerable, with large areas where average wind 
speeds are over 8 mls. Wind energy development can be an economically viable proposition, 
with the potential estimated at 6000 MW (Nfaoui et al,1998). 

The country also possesses a forest wealth of 9 miIlion hectares and a significant quantity of 
agricultural, animal, urban and industrial wastes that may be converted for energy purposes. 
The Moroccan status and prospects in some of the relevant renewable energy sources are 
examined in this section. 

4.1. Solar energy technologies 

Morocco has good solar energy resources like other North Africa countries in on the 
Mediterranean coast. The average global horizontal solar radiant flux in Morocco is 
approximately 5 kWhlm2/day or 1.8 MWhlm2/Year. The average daily radiant flux varies 
from 3 kWhlm2/day in the North to 8 kWhlm2/day in the desert regions in the South. The 
annual sunshine hours also vary between 2,800 hours to 3,400hours CManuel,2004). 

The non-availability of proper solar insolation data for Morocco is a major constraint. This is 
a serious gap in design and engineering of solar energy systems for specific locations. 
Current value of 5 kWhlm2/day used for ONE programmes has the limitation that the 
scientific basis is weak, and this approach does not take into account the seasonal variations 
in solar insolation, which is another critical design parameter. Therefore absence of reliable 
data on solar insolation can lead to inferior technical design and/or failure of the PV systems. 

The variation between the average actual solar energy resource and the current design basis is 
iIlustrated in Table 5. 

Table 5: The daily total radiation for 10 sites in Morocco CkWh/m2/day) 

(Source: Solar Energy Engineering Homepage) 

Temperature 

Site 
(0 C) 

Latitude Longitude Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec Avg 

Tanger 20 35.71 N 5.92W 2 3 4 6 7 8 8 7 6 4 3 3 5.0 

Rabat 22 34N 6.83W 3 4 5 6 7 7 7 7 6 4 3 3 5.0 

Sati 22 32.28 N 9.23W 3 4 5 7 7 7 8 7 6 5 3 3 6.0 

Casablanca 22 33.55 N 7.65W 3 4 5 6 7 7 7 7 6 4 3 3 5.0 

Marrakech 27 32 N 8W 3 4 5 6 7 7 8 7 6 5 4 3 5.0 

Itrane 30 33.03 N 5.1 W 3 4 5 6 7 8 8 7 6 4 3 3 5.0 

Midelt 23 32.68 N 4.73W 3 4 6 7 8 8 8 7 6 5 4 3 6.0 

Ouarzazate 27 30.93 N 6.9W 4 4 6 7 8 8 8 7 6 5 4 3 6.0 

Oujda 24 34.78 N 1.93W 3 4 5 6 7 8 8 7 6 4 3 :3 5.0 

Agadir 24 30.38 N 9.55W 3 4 6 7 7 7 7 7 6 5 4 3 6.0 
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Average Solar data for the 10 locations in Morocco were obtained from remote sensed data 
over a period of 10 years and has been collected from the solar irradiation database of the 
Solar Energy Engineering homepage. 

The summary of the solar energy resource and assessments in Morocco are: 

o Morocco has good solar energy resources which are available in a largely uniform 
manner across the geographical spread of the country; 

o The availability of solar energy resources for a significant period of time during the 
year; 

o In order to overcome the limitations posed by lack of scientifically measured solar 
insolation data, a focused solar resource assessment programme for specified 
meteorological parameters have to be undertaken 

4.1.1. Solar Photovoltaic technologies 

The Photovoltaic (PV) industry in Morocco is still developing. There is substantial interest in 
the sector by both the government and the private sector. The market is quite disorganised 
and market analysis for the high potential market sectors has not been extensive. There is 
however, a significant potential for PV in Morocco and substantial awareness in rural sectors, 
which are the primary target areas. 

Some 30 organisations are involved in manufacture, systems integration, supply and/or 
distribution of PV equipment. There are six suppliers of modules from international sources 
and one active local manufacturer of PV modules which uses cells from Siemens Solar. 

A number of firms are involved with balance of systems2 (BOS) manufacture, which ranges 
from battery manufacture, to charge regulators, inverters, ballast/inverters for compact 
fluorescent lamps (CFLs) and pumps. Some BOS products are manufactured locally and 
some are imported. 

Photovoltaic applications are attractive for rural electrification, as Morocco has about 39,000 
villages in rural areas. Some 5,000 of these villages already have some form of electricity 
from decentralized sources, but the remaining 34,000 are not connected to the grid. During 
the 1980s, the Centre pour Ie Developpement des Energies Renouvables(CDER) installed 
demonstration PV projects in rural areas, and some individuals, especially Moroccans living 
overseas, financed the installation of PV systems to power television, radio, and lighting in 
the rural homes of their families. Such early demonstrations have led to a continuous and 
significant growth ofPV installations since 1988.(Pvmti, 2006) 

4.1.2. Solar thermal technologies 

In Morocco, solar water heaters (SWH) could substitute a large part of the still very common 
traditional diesel heater or electric water heater market. Assuming the average household 
daily consumption of hot water to be 150 litres for 360 days per year, there is scope to replace 
approximately 360 litres of diesel per year per household. If the transition from diesel based 
water heating is towards domestic SWH rather than electric geysers and 500,000 domestic 
SHW units are installed by 2010, then this represents a saving of 180,000 kilo litres of diesel. 
(Manuel, 2004) 

2 In a photovoltaic system, the term 'balance of system (80S)' refers to all ofthe system components except the 
PV modules. 
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Most of the existing SWH are imported either from Europe or elsewhere. Some of the models 
are assembled locally. Until now even with such an enormous market potential only 50,000 
m2 have been installed in the country 

This year the government set up a new program to promote solar thermal energy. The major 
goals of the so-called PROMASOL program are to encourage companies and customers to 
invest in solar thermal energy by supporting marketing initiatives and setting up a system of 
national quality norms for solar water heaters. 

4.1.3. Relevance of global trends to Morocco 

Some of the lessons from the global photovoltaic markets for future Moroccan PV 
developments would be: 

D Since the global market is developing rapidly and large scale investments being planned 
in Japan and Europe, there may not be much advantage in setting up manufacturing 
facilities for PV cells in Morocco; 

D The growth of the rooftop market is helping to develop the related BOS components 
mainly the inverters. This could be of advantage to a future grid connected or larger 
stand-alone mini-grid systems in Morocco; 

D Morocco could evolve a PV industry in line with the global developments to do PV 
system integration and installations and energy services rather than investments in 
manufacture. 

D Morocco may also study the policies to encourage the technology in the major markets 
for PV and adapt and announce similar policies. 

Some of the lessons that are relevant to Morocco from the global trends in solar thermal 
technologies are: 

D Morocco can take the example from countries in Europe, Tunisia or Jordan in the middle 
east to create a market for Domestic Hot Water System through government regulation 
and incentives; 

D Morocco can establish pilot projects to demonstrate projects in solar heating, cooling, 
Desalination and drying; 

D Morocco could also seek funding for establishing a solar thermal power station, possibly 
supplemented by a locally available hydrocarbon fuel. 

4.2. Wind energy technologies 

The wind energy output in Morocco reached 203 GWh in 2003 compared to 194 GWh the 
previous year, thanks particularly to wind energy fields in the region of Tetuan, Northern 
Morocco. 

Regarding wind energy, sites near Tetouan, and Tanger, have average wind speeds of 11.8 
mls and 8.8 mis, which make them exceptionally attractive sites for wind power plants. 
Successful exploitation of these sites could lead to a market for several hundred megawatts in 
the future. 

The Center for Renewable Energy Development (CDER) has identified some 40 sites likely 
to host wind power installations and facilities that can generate substantial power and could 
be connected to the electricity network. The growth of wind-generated electricity will depend 
on decisions by ONE to add wind farms to its program of diversification of supply sources. 

39 



In 1986, the Moroccan Renewable Energy Development Center (CDER) published the Wind 
Atlas of Morocco including wind data collected from the meteorological instruments set up in 
17 stations and airports in Morocco. (Nfaoui et al , 1998) 

In 1990, CDER launched a special wind measuring programme. The programme's purpose 
was to evaluate Morocco's wind energy potential and to find out its best sites. The 
programme, which compared data collected from sites in different Moroccan regions with 
airport data, confirmed that Morocco has important wind energy potential. 

In the mean time, a special wind energy evaluation programme was launched in collaboration 
with the Special Energy Programme (SEP) financed by the German Office for Technical 
Cooperation (GTZ). Its first phase (1991 -1994) served to evaluate the Moroccan wind 
potential all along the 3500 km long Atlantic coast (from DakhlalSouth to Tanger
TetouanINorth). 

Few years later, CDER published the report, containing all the data collected by CDER. On 
the basis of these measurements, CDER worked out the feasibility studies for two windfarms: 
one of 50 MW and one of 4 MW. 

~ The 50 MW windfarm is a private project (BOT contract) between TRAMONTANA 
(France) and VESTAS (Denmark). Morocco's State owned utility company (ONE) 
commited itself to buy all the power produced by this windfarm within a period of 19 
years. 

~ The 4 MW-project is co-financed by the German KfW and the Moroccan ONE, and 
will equally be constructed on the site of Al Koudia Al Baida. 

With 54 MW of rated capacity in operation since the year 2000, the Koudia Al Baida Wind 
Park located next to the city of Tetouan, on Morocco's northern coast, represents one of the 
largest single production unit on the continent. Over 200 000 MWhlyear of wind generated 
electricity are currently being produced by some 90 Wind Turbines of the 600 kW range. 
According to the Office National de l'electricite if this production was to be supplied by a 
Coal fired power plant, some 230 000 Tons of Carbon Dioxide would have been released in 
the atmosphere(ONE,2004). 

Currently, there are two new wind projects in the pipeline. One of the wind power facilities 
would be located in Essaouira (60 MW), while the other would be located close to Tangiers 
(140 MW). 

The assessment of the wind capacity in Morocco is shown in Table 6 & Figure 18. It 
illustrates the places of the largest wind sites which are located mainly in the northern region 
and near the south coast. For example, instruments installed in some of the attractive areas at 
a 10m level measured the following annual average wind speeds: 

~ 8 to 11 mls in the Tanger and Tetouan region (North of Morocco) 

~ 7 to 8.5 mls for Dakhla, Tarfaya, Taza and Essaouira (South of Morocco) 

Table 6: Wind resources for 10 sites in Morocco 

(Source: CDER) 

Site 

Average Velocity (mls) 
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Figure 18: Wind Resources in Morocco 

(Source: CDER) 

The summary of the wind energy resources and assessments in Morocco are: 

o Morocco has good wind energy resources, which is estimated at 40000MW to 
50000MW, of which about 6,000 MW is currently considered economically feasible 
for development. 

o Wind energy projects can develop local resources in terms of labour, capital and 
materials and contributes to the power supply diversification 

o Wind projects reinforce the cooperation with different donors, enhancing local 
capacities and technological know-how, 

o Wind projects attract new capital and can be included in the new approach of 
Independent Power Production (lPP). 

o It is not considered necessary to undertake any major wind resource assessments 
except for normal monitoring of energy meteorological data. However, the data 
currently available requires detailed professional analysis with corrections for 
topography, infrastructure for access to the sites and grid infrastructure for evacuation 
of generated power. This should result in a prioritised list of sites for wind farm 
development. 
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4.2.1. Relevance of global trends to Morocco 

Some of the lessons that are relevant to Morocco from the global trends in wind energy 
markets are: 

o Morocco may establish a scheme to promote wind energy in the country which will 
make private sector investments in the sector attractive; 

o Morocco may establish project specific promotional models like the ones in India and 
Egypt to attract private investments and start large-scale wind energy developments in 
the country. 

4.3. Hydro-Power technologies 

Morocco's total technical feasible hydro potential is estimated at 12 TWh/year, of which 
about 5 TWhlyear is currently considered economically feasible for development. About 
1167MW (GTZ 2005) is already in operation. 

A number of projects are now in the works but sites with major damming potential have 
almost all been exhausted. 

A program is under way to build one medium-sized dam per year, some of which could be 
reserved for hydro-electric use. Morocco also has a number of small waterfall sites that might 
be appropriate for hydro-electric micro stations. 

The potential for hydro-electric developments in Morocco can be divided between: 

(a) High head run-of-river sites in mountainous areas with no storage; 

(b) Medium head sites including canal drops with some storage in foothills and lowland 
valleys; 

(c) Low-head run-of-river schemes in lowland areas and plains with little or no storage. 

Hydropower is the main significant renewable energy contribution to Morocco's energy 
supply at the current time with its 22 hydroelectric plants. The output of hydro-plants in 
Morocco is highly variable. Evaporation in the hot climate removes two-thirds of the rainfall 
before it can be utilised, and after other losses, only 14 % to 18 % of precipitation reaches the 
rivers. From this, a major proportion is required for irrigation and potable water supply. 
Therefore there can be major variations in the water available for hydro-generation. This 
seasonal availability of water means that hydropower production has a relatively low capacity 
factor, in the range of 20 % to 40 %. And also, that any hydro development will involve 
major transmission costs if the power is to be utilised within Morocco. Because priority is 
given to drinking water supply and irrigation over electricity supply, these growing demands 
are likely to reduce the potential for existing and future developments. 

Run of the river schemes below 500 kW can be termed as micro hydro which is the cheapest 
form of renewable energy provided there is perennial water flow. A ONE study in 1979 has 
summarised the status and potential of micro hydro in Morocco. This looked only at grid
connected plants, supplying between 20 and 200 KW. CCder, 2005) 

CDER in collaboration with international cooperation installed small hydropower plants. 
They are summarised in Table 7 
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Table 7: Operating small hydropower plants in Morocco 

(Source: Cder, 2005) 

Location Installed capacity (kW) International Cooperation 

Tizgui 65 Germany 

Ouinskra 20 Germany 

Amenzel 3.5 Chineese 

Tamatert 12 Chineese 

Tabant 85 American 

Ansa 12 French 

Tirika 4.5 French 

Ait Imi 67 American 

Ounein 12 Austria 

The summary of the hydropower resources and assessments in Morocco are: 

o Moroccan hydropower resources are limited by the low precipitation. Most of the 
available hydropower potential has been harnessed and there is not much scope for 
harnessing large & small scale hydropower. 

Further studies have to be carried out to analyse the scope for micro-hydro power starting 
with the 200 sites surveyed under the ONE study in 1979. These can be stand-alone power 
stations or linked together to form a mini grid in the region assuming the period of 
availability of water justifies the investments 

4.3.1. Relevance of global trends to Morocco 

Since the Moroccan hydropower developments are constrained by the precipitation levels 
available and are dependant on flows from international levels, Morocco can establish a 
scheme to demonstrate small hydro technologies, which have not yet been proven in the 
Moroccan context. 

4.4. Biomass technologies 

Although LPG and kerosene are important household fuels in North Africa, biomass is still 
widely used in Morocco. In 2004, biomass equalled 33% of total energy consumed in 
Morocco (CIEDE, 2005). As a result; there is immense pressure on woody plant cover with a 
deficit equivalent to about 30,000ha annually. The bulk of the biomass consumed (almost 
88%) is used for cooking and heating in the rural areas (CDER). The remaining is consumed 
in urban areas mainly for bakeries and public baths "Hammams". In response to the wood 
deficit problem in Morocco, wood fuel programmes focusing on fuel switching and energy 
efficiency were introduced. Program activities included dissemination of wood energy-saving 
technologies in Casablanca, promoting fuel wood saving stoves for cooking and heating in 
rural zones, and encouraging LPG use. 
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Agriculture is important to the Moroccan economy and therefore animal and agricultural 
wastes are important products of the rural areas. Cow dung, poultry droppings and human 
waste in addition to wood and vegetable debris form the main source of biomass in Morocco. 
The theoretical biomass potential in Morocco has been estimated as 11 million tonnes per 
year. Over 33 % of the total energy consumed in Morocco is derived from biomass 
(Dakkina,2005). 

The summary of the biomass resources and assessments in Morocco are: 

D Morocco biomass resources are primarily related to agriculture and agro-processing. 
The estimated resources are encouraging and energy generation possibilities need to 
be explored region-wise considering the demand aspects as well. 

D Primarily Moroccan bio-energy resources offer scope for the thermo-chemical 
conversion of woody biomass and the biological conversion of agro, animal and 
human biomass. There may also be scope for biofuels for transportation. 

D Although estimates for biomass resources are available, the data on the nature and 
distribution of the biomass geographically is not available. As collection and handling 
is a major aspect affecting the economics of biomass energy conversion, further 
studies into these aspects need to be carried out. 

4.4.1. Urban waste 

In Morocco, the uncontrolled disposal of household wastes is a great environmental concern. 
The problem is especially critical in areas that are urbanizing at a rapid rate. Solid waste 
collection ranges from virtually nil in rural areas up to 85% in the major cities of Casablanca 
and Rabat. Even where collection is not a problem, disposal through uncontrolled dumping 
remains the norm. There are no specific provisions for industrial, toxic, hazardous and 
medical wastes, although larger medical facilities own and operate incinerators 

Over 50 % of the population live in urban areas. Since there is a concentration of a large 
percentage of population in the major cities, there appears to be opportunity to use the 
municipal waste for energy purposes. 

The summary of the urban wastes and assessments in Morocco are: 

D The cities of Rabat, Casablanca including its suburbs, Marrakech and Agadir present 
good prospects for waste-to-energy plants in Morocco. 

4.4.2. Relevance of global trends to Morocco 

Some of the lessons that are relevant to Morocco from the global developments in bio-energy 
technologies are: 

D Biomass could be an important source for providing heat and power to the Moroccan 
energy sector and potential of this sector needs to be explored further. More 
demonstration and pilot projects need to be promoted using biomass technologies; 

D Although there has been some experience with biological conversion of biomass to 
energy through the biogas route in Morocco. The thermo-chemical route has not been 
pursued so far in Morocco. There is scope for more incineration and pyrolysis projects in 
Morocco; 

D Moroco may proceed and set up an urban waste based power plant in major cities and 
could start with Casablanca where the process has already begun. 
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4.5. Geothermal energy 

There is no geothermal energy project in Morocco currently and no plans have also been 
announced for constructing new plants. There have been some estimates of geothermal 
energy resources in Morocco. These estimates seem to indicate promise potentialities in 
north-eastern Morocco and the sedimentary basins of the Sahara. Such estimates need to be 
validated by actual assessments and measurements at prospective sites. The economic 
viability of geothermal energy under Moroccan conditions should also be studied once the 
assessments are completed (Abdelkrim Rimi, 2004). 

The geothermal energy potential in Morocco has been evaluated based on mathematical 
models and a number of locations have been identified as offering scope for power generation 
(Zarhloule, 2003). 

The summary of the geothermal energy prospects in Morocco are: 

o There seems to be potential for geothermal energy generation in the north eastern 
regions and the sedimentary basins in the Sahara (Rimi, 2000), based on the available 
data. However before actual project developments or demonstrations, a detailed 
feasibilities studies need to be carried out in these regions. 

The geothermal potential itself need to be investigated thoroughly to identify regions with 
prospects and to verify the initial findings. A geothermal resource assessment study is 
recommended 

4.6. Existingframework in Morocco 

4.6.1. Government institutions and co-ordinating authorities 

Renewable energy activities and projects have been carried out by several Government of 
Morocco entities, such as the Ministry of Energy and Mining, Ministry of Interior, Ministry 
of Agriculture and Centre pour Ie Developement des Energies Renouvables (CDER). 

The National Electric Power Agency, the organisation responsible for electricity production 
and supply, known as Office National de l'Electricite (l'ONE), is the main stakeholder in 
Morocco's electrical power sector. The national transmission network is still fully owned by 
ONE. Renewable energy plays a very key role in the energy development plan that ONE 
announced in January 2004. The plan aims to provide 80% of rural areas with electricity by 
2008. 

The Moroccan "Centre pour Ie Developpement des Energies Renouvables (CDER)" was 
created in 1982 and is responsible for undertaking studies and research addressed to promote 
and develop the utilization of mini-hydro, solar, and wind technologies. At the same time, it 
plays an important role in the implementation of actions related with the improvement of 
efficiency in energy usage and in reduction of gas emissions. 

Establishing an effective apex body with an appropriate mandate and financial/promotional 
institutional bodies are both essential and integral components of this process. Today, a 
multitude of learning and operational experience is available both in developing and 
industrialised nations.( Karekezi,2002). Such experience needs to be rigorously examined by 
the Apex body through its working groups of experts, to ascertain which of these experiences 
can be effectively adopted in Morocco and what adaptations are necessary to apply the 
selected experiences. This exercise is an important starting point in the process of further 
evolving policy and regulatory mechanisms. 
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4.6.2. The Moroccan renewable energy industry 

The Moroccan renewable energy industry is still in its early stages of development. The 
technologies for which an industrial presence exists are solar hot water systems, PV module 
manufacturing and systems integration and PV pumping. There has been public investment 
by the Moroccan Government in the renewable energy industry in addition to the private 
sector presence. 

While the manufacturing sector has taken off, commercialisation of renewable energy 
technologies has barely started. Even in areas where it has been initiated, progress is poor 
and very little market penetration has been achieved. Lack of a Policy and regulatory 
environment has contributed to the very low rate of commercialisation. 

There is no evidence to indicate that dedicated energy service providers exist, product service 
or service support is currently offered directly from manufacturing sources. The poor 
commercial performance across the renewable energy sector may be attributed mainly to 
subsidised to conventional energy and to the lack of appropriate policy drivers and financing 
mechanisms. 

The major long term weak link in Morocco's solar programme is the lack of growth and 
incentives in the manufacturing sector, for modules and balance of systems (BOS). Small 
market volume in preceding years coupled with low import and excise duties have not 
spurred investors to establish local capacity. Increased production volumes, low labour rates 
and the national policy to promote foreign investment could facilitate this transition. 
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5. ASSESSMENT OF BARRIERS TO RENEWABLE ENERGY IN 
MOROCCO 

Several field visits and meetings were undertaken with various government entItIes and 
private institutions in Morocco to review the existing status of the renewable energy 
programme in the country and invite suggestions on the future programme. The meetings 
helped to identify the issues that need to be addressed and the roadblocks that have hampered 
the development of renewable energy in Morocco. This was based on the questionnaire for 
data collection which is available in Appendix 1. 

5.1. Barriers 

Several barriers have been identified for renewable energy developments in Morocco from 
the various discussions held with key stakeholders. Some of these are subsidies to the 
conventional energy sector, dominance of public sector in the renewable energy industry, 
limited awareness on the benefits, lack of favourable policies, tariffs and incentives, 
underdeveloped human resource, inadequate official development assistance and limited 
interface for RD&D institutions. However the biggest barrier is the absence of an 
organisational set-up with a responsibility for renewable energy that can drive the 
developments. 

5.1.1. Absence of a coordinating institution 

There is lack of an apex institution that could implement Renewable Energy programmes in a 
planned and coordinated manner. Although the Programme Implementation Division of the 
Ministry of Energy and Mining plays a key role due to its larger share in implemented 
programmes, several solar programmes have been implemented by various departments and 
agencies without support from Ministry of Energy and Mining or with informal references. 
There is also no single agency doing the generic promotion of renewable energy in the 
country as well as Quality assurance, Policy making, Technology promotion. There is a need 
for undertaking an integrated approach through an organisation to be entrusted with the 
responsibility of planning, coordinating and regulating renewable energy programmes in the 
country. 

5.1.2. Standards, certification and quality assurance 

The Moroccan industry in general is responsive to the ISO 9000 standards for quality 
assurance and several industrial establishments have certified their quality systems in 
accordance with ISO 9000 requirements. The current SHWS and PV equipment 
manufacturers do have national quality systems certification conducted by CDER. But there 
has been little movement in the adoption of standards in other renewable energy technologies. 

There is no standardisation body that harmonises international solar energy systems and 
component standards for the Moroccan situation. There is also a need for a test centre that 
should be able to test essential components and verify/coordinate third-party certifications 
and ensure quality control. In the absence of such a framework, there is currently no means to 
verify compliance of systems and components to norms. 

Regulatory measures may be required to enforce measures like labelling of applications with 
the details of energy efficiencies and estimates of operating costs, minimum efficiency 
standards, etc. 
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5.1.3. Finance framework 

The banks in the Kingdom have a network of branches that have been used for rural and 
agricultural credit operations. However, the financial institution and banks have had very 
little or no involvement in renewable energy programmes. Financing options are not available 
for purchase of renewable energy systems or devices or to finance manufacturing or 
integrating organisations. The financial sector will need to play an increased role in 
developing a sustainable programme framework in Morocco. 

5.1.4. Implementation framework 

The implementation of Renewable Energy Technologies (RET) programmes require not only 
technical inputs, and financial support but also appropriate institutional mechanisms that have 
been lacking at present in Morocco. 

The current implementation framework for renewable energy projects such as solar 
electrification consists of centralised government (or implementing agency) purchase, 
distribution and installation. Such a mechanism does not always address the operation and 
maintenance issues at the grassroots level. There is an urgent need to put an effective local 
arrangement in place for operation and maintenance. There are several effective models in 
similar geopolitical situations that can be adapted to Moroccan conditions. 

5.1.5. Capacity building and human resource development 

In the industries lack of technical expertise is one of the barriers in selection of Renewable 
Energy Technologies (RET). There is no effective mechanism for exposure of industries 
personnel to the state of the art RET, at present. Hence, industries should conduct well
designed training programmes for their personnel to upgrade their knowledge on emerging 
technologies and also empower them to implement feasible alternatives. This can ensure that 
improvements made in an industry get replicated in other industries also. 

The major part of training and exposure in renewable energy technology application in 
Morocco has been carried out under specific renewable energy development and technology 
application projects. Engineers from CDER have benefited from technology transfer and 
training for the assembly and encapsulating PV modules and setting up a PV 
Laboratory/Workshop intended to develop capability in CDER to design, engineer, integrate, 
install and maintain including testing of BOS. The laboratory is also engaged in battery 
testing for PV systems through co-operation with private factories. 

For a sustainable renewable energy programme developed and implemented in Morocco, 
adequate human resource development with the required skill-sets is needed. Currently the 
Moroccan technical education system is not capable of meeting this need. There is an urgent 
need to coordinate efforts to develop training programmes as well as testing and accreditation 
programmes to ensure that the required personnel with the right skills are available. 

5.1.6. Awareness/ information dissemination 

There have been no visible efforts from the government to generically promote renewable 
energy systems or specific technologies. However the government has been engaged in other 
promotion, such as of agriculture, through print and electronic media. 

Efforts to build awareness about the prospects of renewable energy sources have been limited 
to activities undertaken by the state owned and private sector suppliers. The suppliers of 
wind energy equipment, solar water heating systems and Photovoltaic systems use attractive 
product and corporate brochures to promote the products. There have also been 
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advertisements by the renewable energy equipment manufacturers III the newspapers to 
promote their products. 

Knowledge about various Renewable Energy Technologies (RET) is the major barrier in the 
implementation of RET programmes in Morocco. Due to lack of proper knowledge 
consumers might not be certain about the savings that accrue due to the installation of RET. 
Hence, it is necessary to establish a comprehensive database and manuals regarding the 
technology and utilisation practices for the staff responsible for operations and maintenance. 
New industries, commercial establishments and the residential sector, which opt for RET, can 
screen the available options before deciding on new equipment/technology. 

Availability, reliability and knowledge of RET are some of the factors that need to be taken 
into account in the implementation of new programmes. Public education about the 
importance of renewable sources of energy can be achieved through publications, media 
coverage, etc. 

One major avenue for renewable energy systems promotion is via the Trade Fairs and 
Exhibitions, which are held in different parts of the country. 

5.1.7. Private sector participation 

Another weakness in the existing framework is the limited role of private sector in renewable 
energy programmes. The private sector role has so far been limited to intermediating the 
supply of equipment from external sources rather than the traditional roles of component 
manufacturing, integrating, installation, and after sales- service. The involvement of private 
sector in these roles has the potential to create significant employment opportunities. The 
critical role of the private sector as well as community-based organisations is essential for 
ensuring better service delivery and superior system performance (Umberto, 2004). 

5.1.8. Policy framework 

Currently there are no specific policies for promotion of renewable energy use or 
establishment of renewable energy enterprises. The following measures can be useful for 
developing a policy framework conducive to renewable energy developments: 

• Examine the feasibility of introducing a "climate change levy" to be applied on fossil 
fuel use. Examine the prospect of financing/subsidising renewable energy 
developments through the proceeds of the levy; 

• Develop a set of industrial promotion measures to encourage establishment of 
renewable energy enterprises for manufacture and supply of Solar ESCOs. Some of 
the suggested measures include duty-free import of PV system components, tax 
holidal of 10 years for solar enterprises, loans at favourable terms to solar 
enterprises, duty-free important of manufacturing/capital equipment, etc. 

• Develop a set of measures to promote solar and renewable energy use. Some of the 
suggested measures include accelerated depreciation and sales tax avoidance for 
investments in renewable energy. Mandatory installation of Solar Hot water systems 
in new government, commercial, industrial buildings. Deductions in personal income 
tax for individual investments in renewable energy such as solar hot water, lanterns, 
etc. 

3 A tax holiday is a temporary reduction or elimination of a tax that governments provide as an inducement to 
foreign direct investment. 
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A combination of local consultants who are proficient in the local business/legal systems and 
international experts in promotion of renewable energy should be used to develop the policy 
instruments described above. 

5.1.9. Emerging international financing mechanisms 

Linkages between renewable energy development, environmental mltlgation and rural 
development are generally well understood. The establishment of an economic framework, 
which adopts renewable energy applications to enable environmental mitigation and 
encourage rural development is however rare, but a few successful examples can be cited. 
(Puishpendra, I 994). On a global scale this situation is in the process of change. The Kyoto 
Protocol and the process of ratification will provide economic drivers and incentive 
mechanisms with strong linkages between renewable energy investments and environmental 
policy. (Kef a, 2005) 

Morocco should take into consideration the emerging financing mechanisms, which could 
transform its energy sector and make it sustainable. 

Internationally, there are financing mechanisms for renewable energy developments. The two 
relevant international financing opportunities could be: 

o The flexibility mechanisms under the Kyoto Protocol to the Framework Convention on 
Climate Change (FCC C) such as the Clean Development Mechanism (CDM) and Joint 
Implementation (1I), where financial credits are likely to be available for Certified 
Emission Reductions (CERs) and Emission Reduction Units (ERUs) respectively; 

o The Global Environmental Facility (GEF), the financing mechanism of the UNFCCC, 
which could finance the agreed full incremental costs of a specific project under climate 
change operational programmes. 

5.2. Impact 

Based on the above barriers which have been largely responsible for the relatively limited 
development and acceptance of renewable energy programmes in Morocco, it is apparent that 
the impact of these barriers is typical for an underdeveloped market and relates to four 
principal marketing elements: policy, promotion, price and product: 

5.2.1. Policy 

o Lack of human and institutional capacity for renewable technology project development, 
including the development of financial mechanisms that encapsulate 'financial' criteria of 
the private sector, financial institutions and end-user groups; 

o Also as a result of the current small market the technical, institutional, financial and 
policy infrastructure to support renewable energy technology developments have not yet 
been developed; and 

o Conflicting policy interests from different Ministries result in a policy context that is not 
favourable for the development of the market for renewable energy technologies. 

5.2.2. Promotion 

o Little empirical knowledge on the costs and benefits of renewable energy technologies is 
available in general; 
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D Many old private and collective renewable energy technologies especially in solar PV 
function inefficiently or have stopped working all together, thereby creating a bad image 
for the solar sector as a whole; 

D Limited awareness on the potential of renewable energy technologies for public, 
residential and private commercial sectors with key decision makers, the profession of 
architects and engineers and the various end-user groups; 

5.2.3. Price 

D The renewable energy systems supply market is distorted because low price/low quality 
systems are being offered side-by-side with high price/high quality systems without a 
clear distinction in the minds of the end-users. Thus competition based on a rational 
price/quality ratio is impossible; 

D Due to the current small market, bulk procurement/import of renewable energy systems 
and/or components is limited, thereby resulting in low volume and high prices; 

D Costs of renewable energy systems are typically 50% to 80% higher than in other 
Mediterranean countries; 

D Dedicated financial mechanisms are absent, thus the high up-front costs of solar systems 
prevent large potential residential end-user groups to purchase such systems; 

D Limited capacity in financial institutions to appraise loan applications for renewable 
energy systems from various end-user groups prevents developing dedicated financial 
mechanisms, although serious commitment exists to get involved; 

D The time involvement and overhead costs related to providing small loans for renewable 
energy systems such as domestic solar water heaters makes bundling of small loans into 
a package necessary for financial institutions to be involved. The inability to offer an 
'aggregated' package to a financial institution hampers generating interest and hence no 
involvement (yet) in the project development, preparation and implementation phases by 
financial institutions; 

5.2.4. Product 

D The absence of norms, standards, certification, codes of practice and performance 
contracts for renewable energy systems eliminates competition (a key element for market 
development) based on product price and quality; 

D Low quality (under-performing) renewable energy systems that are currently made 
available on the Moroccan market delay, or in the worst case, make a long-term 
development of the solar sector/industry in Morocco impossible; 

D Private sector capacity for local assembly/manufacturing, distribution, installation and 
maintenance of high quality renewable energy systems is limited; 

D Heavy reliance on the importation of renewable energy technologies due to the limited 
local manufacturing capacity and infrastructure results in relatively high prices. 
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5.3. Issues & challenge 

The key issues that can be drawn from the current renewable energy situation in Morocco, are 
as follows: 

o Absence of an effective organisation which acts as a driving force with clear 
responsibility to develop policy, legislation and regulatory evolution within the 
Government of Morocco; 

o A heavily subsidised conventional energy sector, with no special incentives in place to 
promote renewable energy investment, resulting in a non-level playing field; 

o A predominant public sector renewable energy industry, with no particular incentives to 
respond to market driven demand on one hand and a nascent emerging private sector 
industry, being heavily constrained by regulatory restrictions; 

o Lack of favourable import duties for renewable energy products and components and 
well as conducive policies to promote renewable energy developments; 

o Unavailability of financial mechanisms and instruments encouraging renewable energy 
manufacture or use either through Government banks or private lending organisations to 
provide credit to consumers, especially rural applications, or even start-up manufacturing 
ventures, 

o Limited infrastructure or Government support to create awareness of renewable energy 
potential or opportunities. 

o Limited scope for Research, development and Demonstration (RD&D) institutions to 
interface with international bodies and to share expertise already existing within the 
sector. 

o Inadequate assistance from Official Development Assistance (ODA) funded programmes 
and a very cautious investment approach, which has further retarded the development of 
demonstration and pilot projects. Such activity is a pre-requisite to establishing a 
commercial and business framework that will enhance the growth and acceptance of 
renewable energy solutions. 

o Morocco does not have the availability of a fully skilled and experienced human resource 
base to support the integration, service and operation of such technologies and does not 
have a ready made training infrastructure to rapidly develop this resource. 

This is however a changing and evolving situation. A great deal of work and effort is required 
to bring about the adjustment of a framework such that renewable energy investments are 
viewed with optimism and represent strong business opportunities. The process of 
liberalisation is clearly assisting this change, but needs support internally through policy and 
regulatory measures to stimulate market opportunities and needs support externally to 
introduce innovative methodologies, attractive schemes, investment capital, flexible financial 
mechanisms and expertise. Morocco has relatively few immediate technological or energy 
resource barriers. For the most part, technology solutions for a multitude of applications are 
readily available within other developing country programmes, specifically solutions for rural 
electrification, water heating, agricultural processing, wind power generation, micro hydro 
for motive and electrical power etc. 

The energy resource barriers are likewise not acute for the most part. Levels of solar 
insolation exceed 5.00 kWhlm2/day on a horizontal plane in much of the country throughout 
much of the year, wind resources are favourable for both small scale and wind farm 
developments in some locations, hydro resources for micro applications are for the most part 
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unexplored but likely to be available in the mountainous regions with good precipitation. 
Whilst bio-energy reserves are scarce throughout much of the arid and semi arid regions of 
the country, urban waste is abundant and offers good opportunity for processing. 

The analysis of the economy, the environment, the energy sectors and the renewable energy 
situation in Morocco, object of the previous sections, provide a picture of a dynamic human 
and natural context with significant resources, capabilities and potentials for growth. There 
are sound prospects for rapid transitions to more developed and structured social, cultural and 

. . 
economiC scenarIOS. 

Within this context, it is proposed in the following chapters a Renewable Energy Plan for 
Sustainable Development in Morocco, capable of setting up basis for addressing increasing 
energy requirements whilst pursuing environment and resources preservation, and 
establishing sustainable technologies and practices. 
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CHAPTER SIX 

RENEWABLE ENERGY SCENARIO FOR INDIA 



6. RENEWABLE ENERGY SCENARIO FOR INDIA 

India was selected as a case study because of my professional experience. I was affiliated 
with one of the reputed international renewable energy company in India. Having worked for 
about 6 years with IT Power India, I had the opportunity to understand the renewable energy 
scenario in India. Moreover, India has earned the distinction of being the first and only 
country in the world to have an exclusive ministry of Non- Conventional Energy Sources 
(MNES) since 1992. With a set of proven technologies, it possesses a well established 
manufacturing base and extensive institutional network involved in the implementation of 
various renewable energy programs. India's first initiative in renewables dates back to over 
100 years when a 130 kW hydro power plant had been set up in Darjeeling hills in 
1897(Teri,2003). In 1940s again, several institutions working on Gandhian principles 
developed biogas plants and improved cookstoves as part of community development work. 
Over two decades of steady implementation, the Indian renewable energy programme has 
become one of the largest in the world, with impressive achievements in wind power, small 
hydro, bagasse cogeneration, decentralised Solar Photovoltaic applications and rural energy 
services. Today, over 5,700 MW power generating capacity stands installed through 
renewables, which shares about 4.75% of the total installed capacity in the country. It is 
planned to increase this to 10% of the total power generation capacity by the year 2012. 
(Mnes, 2006). 

The experience of India demonstrates that the need for power quality and energy can be 
directed towards renewables by providing the right environment and facilitating market 
development. This is a path that Morocco can follow resulting in socio-economic 
development in an environmentally benign way. By taking action to provide the right 
environment and facilitating market development, the Moroccan Government can increase 
the global contribution of power from renewables. 

6.1. The present bureaucratic structure for adaptation of renewable energy 

India was one of the first countries to see the significance of Renewable Energy and 
introduce renewable energy programmes with a Research & Development component. These 
programmes were introduced as early as 1975 in the fifth Five Year Plan. An inter-ministerial 
Commission on Additional Sources of Energy (CASE) was also created in 1980. Since then 
renewable energy programmes in India have consistently received policy and budgetary 
support from the Government. (Mnes & Ireda 2005).The major landmarks in the Indian 
renewable energy programme are shown in Table 8. 

Table 8: Milestones in Indian renewable energy program 

(Source· MNES) 

1975 Beginning of Renewable Energy Program 

1980 Creation of Commission on Additional Sources of Energy (CASE) 

1982 Formation of Department of Non Conventional Energy Sources (DNES) 

1987 Indian Renewable Energy Development Agency(IREDA) starts Operations 

1991 First private Sector Wind Farm 

1992 DNES upgraded to Ministry of Non -conventional Energy Sources(MNES) 

1993 First W orldbank Creditline 

1994 Integrated Rural Energy Programme(lREP) transferred to MNES 
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The energy scene in India was characterized by a large proportion of traditional energy 
sources such as firewood, animal dung and agricultural residues in the total energy 
consumption. The share of the traditional sources was as high as 67% in 1953 and has 
progressively decreased as a result of development and the need to shift to modem energy 
sources such as coal, oil, gas and electricity. In the last decade, coal and gas have 
increasingly become the major contributors to commercial energy sources with oil still 
making a significant but declining contribution. The share of hydro power in the energy mix 
has also been declining steadily from 92% of primary electricity to about than 25% in 2004. 
During the 90s the imports of petroleum products have been increasing at the rate of 7%. The 
dependence on imports of fuels makes the Indian Energy sector and economy vulnerable to 
external price and supply fluctuations raising concerns about the security of the country's 
Energy sources. 

The electricity industry in India also has its share of problems. The industry is dominated by 
state-owned vertically integrated utilities, which were traditionally responsible for the 
generation, transmission and distribution of electricity. Politically influenced unviable tariff 
structures compounded by problems of overstaffing and limited resources have affected 
investments and transmission and distribution equipment resulting in low quality electricity 
supply in most parts of India. A programme to increase private sector participation in 
generation has also not made the expected improvements resulting in energy and power 
shortages. The national energy shortage in 2000-01 was 7.8%. (TERI,2005) 

Concerns regarding security of the country's energy sources and the various problems in the 
Electricity Industry have been significant factors in requiring India to look at alternative 
sources of Energy. In fact, even from the late 70s onwards, India's energy planners had 
recognized the need to increase the share of commercial energy sources in energy supply, 
especially in rural areas. During this period, there was also recognition of the need to shift to 
an energy system, which was based more on locally available resources. Availability of 
renewable energy resources such as solar, wind, hydro and bioenergy in India, particularly 
suited this strategy. The combined potential for power generation from wind, hydro, biomass 
resources and wastes in India are estimated to be 81,200 MW This is based on 45,000 MW 
from wind, 15,000 from Small Hydro, 19500 MW from Biomass Power and 1700 MW from 
urban and industrial wastes The potential for power through PV is estimated to be 20 
MW/km2. (Mnes 2005) (Chandrashaker et aI, 2005) 

As seen in Table 8 the first twelve years of the renewable energy development or from 1975 
up until the formation of Indian Renewable Energy Development Agency (IRED A) in 1987 
had witnessed only moderate achievements. This period saw the Indian renewable energy 
programmes being implemented as Research, Development and Demonstration (RD&D) and 
subsidised extension programmes. It must be noted that this was at a time when several 
industrialised countries had substantially scaled down or discontinued their renewable energy 
programmes because of the decline in the world-oil prices during the 80s. 

A turning point in the history of Indian renewable energy development programmes has been 
the establishment ofIREDA in 1987 and the upgradation of Department of Non-conventional 
Energy Sources (DNES) to the status of a Ministry (MNES) in 1992. IRED A was established 
with the objective of promoting, developing and extending financial assistance for Renewable 
Energy projects and thus created a financing window for persons within and outside India 
interested in Renewable Energy. The move of upgrading DNES to MNES was significant in 
that, for the first time an entire ministry with a budget allocation of its own was established to 
promote Non-Conventional Energy Sources. The programming strategy also changed from 
Research, Development & Demonstration (R,D&D) and subsidized programmes to market 
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development and commercialization with increased private sector participation. This signified 
a major shift in the approach to renewable energy programmes. 

Over the 10 years, since 1992 the Indian renewable energy programmes have made 
significant achievements, in the areas of grid-connected, mini-grid and off-grid power 
systems. Ambitious targets for power generating capacity additions exceeding 10,000 MW by 
2012, a growth of more than 300%, have been announced by the Government. (MNES, 
2005). 

6.2. Promotion and support 

Amendments to the Electricity Act in 1991 allowed, private sector participation in power 
generation, which encouraged developments in renewable electricity. Furthermore, the 
structural reforms in the Indian economy since the early 1990s provided encouragement to 
private sector participation in infrastructure, which also attracted investments in the 
renewable energy sector. These policy initiatives have generally provided fiscal and financial 
incentives to attract private and foreign direct investments. 

6.2.1. Promotional measures 

Some of the specific measures for investment promotion and industrial capacity building in 
Renewable Energy projects including power from renewable are: 

o Industrial clearances not required for setting up a renewable energy industry; 

o Up to 74% foreign equity participation in renewable energy projects and enterprises and 
100% participation possible with Foreign Investment Promotion Board approval; 

o Customs and Excise duty concessions for renewable energy equipment and spare parts; 

Some of the promotional measures and incentives which are available for projects for 
generation of power from renewables are: 

o Exemption from taxes for the first five years; 

o No techno-economic clearance required from the Central Electricity Authority; 

o Accelerated depreciation of 100% in the first year of project commissioning; 

o Exemptions and concessional rate of central sales tax and customs duty on imported 
equipment and materials 

The Government of India is in the process of enacting comprehensive legislation that 
envisages major additions in grid-connected power. The policy and legislation is currently 
awaiting approval by the Indian Parliament. 

6.3. Industry 

More than a quarter of a century of renewable energy development, mostly in the last ten 
years have resulted in establishment of an advanced renewable energy industry in India. 
Strong industrial bases have been created in Wind, Solar, Hydro and Biomass power sectors. 
Enabling policies at the central and state levels have also resulted in mobilizing significant 
levels of private sector participation and investments in power projects. (Indu et aI, 2005)This 
is very evident in the wind power projects where over 96% of the installed capacity has been 
in the private sector. 
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6.4. Financing and IREDA 

A major catalyst in private sector participation in power generation, manufacture, supply and 
use of renewable energy has been the Indian Renewable Energy Development Agency 
(IREDA). lREDA is a public financial institution owned by the government with the 
objectives of promoting and financing renewable energy projects. lREDA offers concessional 
loans to renewable energy projects by acting as an intermediary between international 
developmental financial institutions, such as World Bank, Asian Development Bank and 
Kreditanstalt fur Wiederaufbau (KfW) , through market borrowings and through MNES 
programmes. Since incorporation in 1987, IREDA has so far committed finances to 1569 
renewable energy projects, mostly in the private sector. Some examples of financing from bi
lateral and multi-lateral International development agencies intermediated by lREDA are 

y World Bank Renewable Resources Development Project - the first and second credit 
lines totalling US$ 250 million through lREDA have financed wind and small hydro 
power among other renewable energy projects. The bank is currently considering a 
third credit line. 

y The Asian Development Bank's Renewable Energy Development Project, is a US$ 
100 million credit line through lREDA has financed bagasse-cogeneration and wind 
power projects; 

y KfW credit line ofDM 120 million(US$ 60 million) through IREDA was used to 
finance bagasse cogeneration and wind power projects; 

y Danish Export Finance Corporation Credit line of US$ 15 million through lREDA to 
finance wind power developments. 

Apart from lREDA, other public financial institutions and banks have been involved in 
financing renewable power projects on a limited scale. MNES provides subsidies to financial 
institutions, which soften the interest rate to the project developer. Private sector finance 
companies in the non-banking sector have also played a significant role in the financing and 
leasing of renewable power projects, especially wind and solar. 

6.5. Training and human resource development 

The development of human resources has kept pace with the renewable energy developments. 
India's large network of technical, engineering and management institutes have primarily 
provided the human resource for the developments. Several premier institutions such as the 
Indian Institutes of Technology (lIT) and Regional Engineering Colleges (REC) have now 
introduced masters level courses in renewable energy. Several Universities also have 
programmes and courses in Renewable Energy. In addition several specialized training 
programmes have been conducted by specialised renewable energy institutions such as Indian 
Renewable Energy Development Agency (IREDA), Centre for Wind Energy Technology (C
WET), Alternate Hydro Energy Centre (AHEC), Solar Energy Centre (SEC), National 
Institute of Renewable Energy (NIRE) etc. covering renewable energy power generation 
technologies. Several of the renewable energy manufacturers, especially the joint ventures 
have in-house training programmes, which have also helped in orienting the human resource 
to suit the requirements of the industry. Apex industry chambers such as Confederation of 
Indian Industry (CII) and Federation of Indian Chambers of Commerce and Industry (FICCI) 
and education and research institutes such as Tata Energy Research Institute (TERI) have 
also contributed to human resource development for renewable energy sector. The existence 
of the educational networks specialised renewable energy Institutions and a vibrant industry 
has created a pool of high quality human resource. 
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6.6. Achievements 

6.6.1. Capacity addition 

The cumulative achievements of power from renewables stood at about 5700MW (Megawatt) 
in end of December 2005 (MNES). Of this, wind has the major share followed by small 
hydro. 

Wind power developments have seen considerable progress and India currently has the fifth 
largest installed capacity of wind turbines in the world, of which 96% has come through 
commercial developments. Over eight billion units of wind electricity have been fed to the 
Indian power grid so far. Wind power generation alone accounts for around 2,980 MW. 

The small hydro power generation achievements stand at 1693 MW. India, is also 
implementing the world's largest sugar mill cogeneration programme. A capacity of 358 MW 
has been achieved so far and another 390 MW is under installation. 

Solar energy programmes through solar photovoltaics and solar thermal routes have also been 
taken up. Over 86 MWp (Megawatt peak) of PV power has been deployed in off-grid, mini 
grid and grid-connected applications. An innovative project which will integrate a field of 
solar concentrating trough collectors totalling 40 MWe (Megawatt electrical) to a gas based 
combined cycle project of 100 MW is also being constructed 

6.6.2. Industrial development 

The large scale industrial development in power from renewables has also resulted in 
establishing an internationally competitive industrial base. Some of the key achievements by 
the Indian renewable power industry include: 

D Seven world-class manufacturers in wind turbines with an annual production capacity of 
500 -750 MW/year. 

D Local manufacture of wind turbines of 1 MW unit size and components such as blades 
and control systems. 

D One Indian wind energy manufacturer, is among the top ten wind energy manufacturers 
globally. 

D Nine PV cell manufacturers and twenty PV module manufactures who produced 19 
MWp and 20 MWp of cells and modules respectively. 

D Ten manufacturers of hydro-mechanical and electrical equipment for small hydro
electric projects 

D Major industry with capabilities in thermal power plant design, manufacture, supply, 
operation and maintenance which has supported biomass power and bagasse 
cogeneration projects; 

D The Indian renewables industry has also made significant achievements in the export 
markets. Total of 105 MWp ofPV modules have been exported mainly to the European 
market. The wind energy industry has been exporting equipment to the European market 
and emerging markets in South Asia. Boilers and steam generation equipment using 
biomass have been exported to other Asian countries such as Bangladesh, Indonesia, 
Nepal, Pakistan, Sri Lanka, Viet Nam etc. as well as Uganda and Venezuela. 
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6.6.3. Employment generation 

These developments have created many jobs in manufacturing, marketing, supply, 
construction, operation and maintenance of the installations producing power from 
renewables. Based on the global and European data of employment from renewable energy 
sources and adapting to the Indian situation it is estimated that about twenty thousand people 
are directly employed in India by the sector (Mnes,2005 ). 

6.6.4. Market development 

The renewable power industry has taken advantage of the environment created by the dismal 
power sector performance from conventional supplies and have capitalized on the incentives 
available for power generation and tax savings. Some of the major initiatives by the industry 
which has resulted in the current large scale investments include 

o Certain players now offer 'turnkey services' for power projects, including arranging for 
finances, getting the required clearances and installation and commissioning the projects. 
This helped profitable commercial and industrial enterprises to invest in power 
generation projects from renewables without the need to have in-house expertise. Some 
manufacturers, associates and independent companies also offer operation and 
maintenance services, as well as 'concept-to-commissioning' services. 

o The sugar industry has responded to the uncertainty in sugar markets and the threat of 
external competition by setting up co-generation plants which meet the heat and power 
needs of the sugar mill and export the surplus power to the utilities under an attractive 
power purchase agreement. 

o Energy intensive industrial establishments which had to cope up with the regular 
increases in industrial electricity tariffs and negative impacts on it's bottom line have 
invested in renewable power projects especially wind. Wind generation projects are 
attractive because they have low gestation periods. The incentives provided by 
government (state and central) leading to tax benefits and avoidance costs through self
consumption have been other key drivers 

6.7. Future Outlook and Lessons 

6.7.1. Outlook 

The Indian government has major plans to accelerate the power developments from 
renewables in the future. These plans include measures to assess the renewable energy 
resources, efforts on Research & Development and technology development, expanding the 
manufacturing base and accelerating commercial developments. Ambitious targets for power 
generating capacity additions exceeding 10,000 MW by 2012 have been announced by the 
Government. The current potential of renewable energy resource available in India is 
estimated to 100,000MW which needs to be harnessed in a potential and strategic manner to 
mitigate the gap between demand and supply. However, only a fraction of the aggregate 
potential in renewables, and particularly solar energy, has been utilised so far. The achieved 
wind power capacity is less than 4 % of the potential. Similarly the respective installed 
biomass power and small hydropower capacities are about 4 and 11 % (MNES,2006). 

Some of the specific initiatives being planned and/or expected in the future renewable energy 
power developments in India include: 

o Electrification of 18,000 remote villages in India through off-grid and mini-grid 
renewable power systems; 
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o Demonstration of 10 MW of wind-diesel hybrid systems and 10 MW of off-shore 
windfarms; 

o Development of wind and biomass resource atlas of India and strengthening of the 
hydro, solar and waste-to-energy resource data; 

o Major developments in the area of biomass thermo-chemical conversion for power 
generation are expected in the short to medium term. This sector is currently 
experiencing a high growth; 

o More grid connected, mini-grid and off-grid PV power plants and completion of India's 
first integrated solar combined cycle power plant is expected; 

o The planned capacity addition is expected to create over 50,000 additional jobs. 

In addition to the planned developments in power from renewable energy, developments in 
the power sector such as the restructuring of the industry might also have the following 
effects on power from renewable developments: 

o The privatisation of distribution might offer scope for distributed energy systems 
powering mini-grids and micro-utilities to emerge increasing the relevance of power 
from renewables; 

o The possibilities of customer choice over energy source and supply can result in 
emergence of green energy suppliers as was seen in reformed markets such as California. 
Customer choice can drive growth of power from renewables; 

o The unbundled utility and the need for positive returns will bring forth the real costs of 
electricity supply providing a level playing ground for evaluating the economics of 
power from renewables. 

The renewable power industry is expected to playa major role in these planned major 
capacity additions. There are also opportunities to develop the export market for equipment to 
and to form joint ventures in other developing parts of the world and renewable energy 
markets in Europe and Americas 

6.7.2. Barriers 

There are some barriers which need to be addressed if the targets for capacity additions in 
power from renewables by 2012 are to be achieved. Some of these barriers include: 

o The need for stable policy: A major barrier which increases the risks and probably 
discourages investments in power from renewables is the stability of policies. Some 
states which have a high concentration of renewable power plants have shown a 
tendancy to discourage more capacity additions. 

o Lack of consistency and support: All the states, especially the utilities and other energy 
institutions have not always been very positive towards power from renewables, despite 
the announcement of the state level policies. This has been prompted by factors such as 
the financial ill-health of the state-owned utilities, low utilization levels of renewable 
power plants, limited influence of MNES on the state level energy institutions and an 
absence of a binding national legal and policy framework; 

o Loss of Financier Confidence: Another barrier is the lack of interest on the part of 
financing institutions and banks prompted mainly by earlier experience with renewable 
energy investments in the 1990s where many manufacturers made false promises on 
technical performance and economics leading to loss of confidence. Such exaggerated 
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claims also created a negative image of renewable power installations with the tax and 
revenue authorities; 

D Electricity Reforms: The uncertainity and the dynamics created by the restructuring of 
the electricity sector, including unbundling of generation, transmission, distribution and 
the establishment of regulators throws up technical and business related issues of 
integrating renewable power to the grid. This is both a thrust and a challenge. However, 
this is expected to be a passing phase. 

There is a need for the Government to develop stable policies, which have vision, direction 
and focus. The policies should enable level-playing field for grid-connected, mini-grid and 
off-grid power from renewables, which also ensures minimum acceptable conditions at the 
state-level. 

The policy should also provide for quantification and incorporation of the environment and 
social benefits from renewables by the central and state level regulators in the tariff 
proposals. The tariff structures are currently based on cost of generation as against cost of 
supply to the consumer. Changing the basis could make power from renewables competitive 
due to it's attractiveness as a distributed generation option. This has the potential to ensure 
that power from renewables can compete with conventional energy in certain key markets 
like the rural and off-grid markets, which are vital to meeting national development goals .. 

6.8. Lessonsfor Morocco 

Some of the lessons that can be drawn from the Indian experience in promoting power from 
renewables include. 

D Establishing appropriate institutional structures such as a dedicated Ministry for 
Renewable Energy and a dedicated financial institution accelerate the development of 
markets for power from renewables. 

D Promotion of renewable energy through fiscal and financial incentives, enabling policies 
and providing financing significantly helps to develop the market for power from 
renewables; 

D The market drivers are the need for energy services, the savings on taxes and the 
operating profits; 

D Development finance, technology transfer and foreign investments can be attracted by 
facilitating development of markets for power from renewables. 

D The absence of an effective regulating mechanism can lead to false projections and 
claims on technical and financial performance which create market barriers in the long 
term; 

D The policy frameworks for power from renewables need to ensure a minimum conditions 
on technical and business aspects of grid interfacing or mini-grid and off-grid operations 
under which power from renewables will have a level playing ground; 

D Promotion of power from renewables offers potential for industrialization, employment 
generation, foreign investments and export earnings in the medium to long term even in 
developing countries. 
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7. RENEWABLE ENERGY PROSPECTS FOR MOROCCO 

As can be seen in the previous section, the solar, wind, biomass resources and urban wastes 
offer good potential for energy developments. These prospects for renewable energy 
developments are presented on the basis of conversion technologies in this section. These 
prospects are defined for the global potential and what can be achieved by 2015. 

7.1. Solar thermal energy 

Considering the availability of solar energy resources uniformly over the country, solar 
thermal technologies can be used for hot water, process heat, space heating and cooling 
drying and desalination applications. 

7.1.1. Hot water supply 

The prospects for solar domestic hot water systems are dependent on the number of suitable 
dwellings, the collector features as well as the hot water requirement patterns. The domestic 
solar hot water systems generally preheat the water but some may still need auxiliary heating 
to reach the required temperature using electricity or gas. 

Approximately 50 % of the population of Morocco lives in the cities and more than 90 % of 
them live in multi-story buildings. In such apartment blocks, the application of solar water 
heating systems is to some extent limited by the availability of roof top space. In many cases, 
the roof area is further taken up by dish antenna, which further limits the shade-free area. 
Generally solar hot water systems in apartment blocks have been private systems owned by 
individual households. Techno-economically larger community solar hot water systems are 
feasible but may not be socio-economically acceptable. 

There is potential for solar hot water services beyond the household sector, in particular 
hotels, restaurants, hospitals, places of worship, dairy farms, food processing industries, 
offices and educational establishments. Some of these non-domestic applications will also 
face rooftop space constraints in relation to the optimal size of the solar hot water system. 

The most common type of solar hot water system currently available in Morocco is the 
thermo syphon system flat plate collector area of approximately 2 m2

, storage capacity of 
approximately 200 litres and providing between 1,500 kWh/Year and 2,000 kWh/Year of 
energy equivalent ( Cder, 2004). At present electric hot water boilers are unusual and it is 
estimated that by 2010 no more than 20 % of dwellings will have electric heaters installed. 
The remaining population uses the traditional diesel heaters (Antonio, 2005). 

In Morocco, Solar water heaters cost, approximately, between US$500 and 
US$1000 installed compared to an electric resistance water heating coil purchased at US$7, 
although a new electric hot water heater would cost approximately between US$60 and 
US$100 installed. Typical gas-oil stove capital costs are in the region US$50-US$100 and 
diesel heaters around US$200 with annual operation and maintenance of costs of US$25 
(Itpi, 2004). 

For Solar Water Heating Systems (SWHS) markets to develop in Morocco there is a need for 
policy and regulatory measures to be put in place to encourage the use of solar hot water or 
limit the use of electricity and oil for heating water. These regulations need to be primarily 
targeted at the domestic and commercial sector. Introduction of fiscal and financial incentives 
are likely to accelerate this market development. 
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In summary the prospects for solar water heating in Morocco are: 

o The Moroccan domestic household sector, mainly the urban apartment blocks where 
policies and building regulations should be used to develop the market. 

o The Moroccan commercial and light industrial sector such as hospitals, restaurants, 
educational establishments, dairy farms and food processing industries. This market 
will need to be developed through fiscal and financial incentives and regulations. 

o There needs to be a detailed market study carried out to identify and characterise the 
domestic and non-domestic solar hot water markets. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated that there is potential 
for approximately 300,000 to 1,000,000 SWH systems for houses and apartment's blocks and 
800 to 1000 Non-domestic SWH systems for Commercial and industrial sector by 2015 (Itpi, 
2004), (Cder, 2004). Table 9 provides details of prospects which are envisaged for solar 
water heating systems in Morocco. 

Table 9: Prospects for SWHS in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

Domestic Solar Hot Water 1,000,000 systems 300,000 systems 
Systems each of 200 litres per 
day capacity 

Non-domestic Solar Hot water 1000 systems 800 systems 
Systems with average capacity 
of 2500 litres per day 

7.1.2. Solar space heating and cooling 

Space heating in Morocco is provided by the traditional gas and diesel stoves, which are 
usually used in each of the rooms. These stoves consist of an adjustable burner and a fan for 
forced circulation of air. Oil fired heating systems exist for larger individual houses with 
water heated by the oil being circulated through pipes and radiator units. Other heating 
options being used so far in Morocco are small electrical coil heating with or without air fan, 
Electrical oil radiators and Butane gas radiators. 

Active solar heating can also provide space heating in houses, but larger collector areas are 
required (20 m2 to 40 m2

) to partially supply heat in winter when it is needed. Floor space 
heating is an attractive solution due to the low temperature requirements of the technology. 
The economic potential for solar heating is therefore estimated as between 1,000 and 2,000 
systems compared to the theoretical potential of at least 50,000 systems of approximately 25 
m2 each by 2015. The commercial prospects of solar space heating systems, which could be 
provided through solar, depend essentially on the diesel prices. 

There may also be potential for cooling and air conditioning in summer. Solar thermal energy 
can be directly used for cooling and dehumidification. Cooling technologies include single
and double-effect absorption chillers, adsorption chillers, and solid or liquid desiccant 
systems. Electromagnetic radiation from the Sun, including visible and infrared wavelengths, 
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penetrates into the collector that is absorbed by the surfaces inside the collector. Once the 
radiation is absorbed by the surfaces within the collector, the temperature rises. This increase 
in temperature can be used to cool houses. Cooling water temperature is around 6-8 °C and 
the heating water temperature is between 80-90 °C. Space cooling using solar thermal 
technologies consists ofthree main classes (Hao Zhong et aI, 2004). 

1. Adsorption Cooling: In adsorption cooling systems, heat collected from a solar 
thermal collector is used to evaporate a pre-pressurised refrigerant in a vapour generator. 

2. Desiccant cooling systems use a desiccant, such as a water absorbing wheel; to 
remove most of the moisture content from the air, making it feel cooler, particularly in 
humid, tropical climates. The heated air then passes through a heat exchanger, which is then 
exhausted from the system, which passes the water absorbing wheel, drying it out for use 
again. The desiccated, cooler air passes through an evaporative cooler to chill the air further 
before exiting the system. 

3. Heat Engine cooling is similar to that of conventional air conditioning systems, except 
that solar collectors are used to heat the working fluid. This heated working fluid is then used 
to power a Rankine cycle heat engine. 

There are about 45 solar air conditioning systems in Europe, with a total solar collector area 
of about 19,000 m2 and a total capacity of about 4.8 MW chilling power. A prototype 
indirect-direct evaporative cooler has been recently developed in California. The coefficient 
of performance (cooling power divided by fan power, a direct measure of efficiency) ranges 
from about 12 to about 40. Simulations for a house in a variety of California climate zones 
indicate savings in annual cooling energy use of 92 to 95%. In humid climates the energy 
savings would be much less, although savings in such climates can be enhanced using liquid 
desiccants that can be regenerated with solar thermal energy. Cost, however, is a significant 
impediment to solar air conditioning, as capital costs are several times those of conventional 
electric vapour-compression systems. Costs per unit energy are reduced if a solar thermal 
collector is designed to be used for both summer cooling and winter heating. 

The major demands for such services are likely to be the Moroccan commercial and industrial 
sector - mainly hotels, offices and larger houses. The economic potential is estimated as 
1,600 systems, compared to a theoretical potential of over 50,000 systems. 

In summary the prospects for solar heating and cooling in Morocco are: 

o Solar heating offers a good potential in Morocco in a district-heating mode or in 
commercial and industrial establishments, solar cooling also offers potential mainly in 
the commercial/industrial sector. 

o The markets for heating and cooling will be highly sensitive to oil prices, which are 
currently subsidised. There may also be a need for regulations and incentives to drive 
the market. 

o No solar space heating or cooling systems have been installed to date in Morocco. 
Studies are required to identify potential buildings for solar space heating and cooling 
and to evaluate the economics. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential for 
approximately 1600 space-heating systems for newly constructed buildings and 1600 space 
cooling systems for Hotels, Offices and large houses by 2015 (Itpi, 2004), (Cder, 2004). 

64 



Table 10 provides details of prospects which are envisaged for solar space heating and 
cooling systems in Morocco. 

Table 10: Prospects for solar space heating and cooling in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

Solar Thermal Space Heating 50000 units 1600 systems 
Systems with average collector 
area of25 m2 

Solar Thermal Space Cooling 50000 units 1600 systems 
Systems with average collector 
area of25 m2 

7.1.3. Drying of agro-produce 

Morocco's agricultural sector includes wheat and barley, cotton, olives, sugar beet, tobacco 
and fruit. Solar drying can be applied to agricultural products such as fodder, maize, tobacco 
and fruit and lead to considerable savings in fuel compared to conventional drying 
techniques. The Ministry of Agriculture supports use of improved stoves burning olive leaves 
for tobacco curing. Studies have shown that the installation of solar drying with integrated air 
collectors offers economic advantages when compared with oil boilers. Therefore there is a 
theoretical potential in Morocco in the fruit and tobacco industries for solar drying although 
no studies have been undertaken to identify the economic potential of the technologies. 
Initially a market survey of dried products and seasonal pricing should be carried out. 

A market assessment of current drying practices and economics as well as research and 
development into the techniques is also suggested. 

Assuming a study can be completed soon and considering the large number of non-electrified 
farms in Morocco a small number of small scale dryers could be planned for agricultural 
purposes. 

In summary the prospects for agricultural drying in Morocco are: 

D The potential for solar drying exists in the fruit and tobacco industries as well as other 
agro-processing industries in Morocco; 

D A detailed market study needs to be carried out to identify, quantify and describe the 
markets for solar drying in Morocco. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential for 
approximately 100 to 150 solar dryers for fruit, tobacco and other agro-processing industries 
by 2015 (Itpi, 2004), (Cder, 2004). Table 11 provides details of prospects which are 
envisaged for solar drying systems in Morocco. 

Table 11: Prospects for solar drying in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

Solar Agricultural 
of200 m2 

dryers each 150 systems 100 systems 
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7.1.4. Solar thermal for industrial processes 

Process heat for industries generally requires hot water at high temperatures or steam. The 
solar thermal technologies which are suitable for these applications have either selective 
absorbers, sometimes with evacuated tubes or solar concentrator systems. The potential 
identified is estimated to be between 50 and 200 high temperature water systems, mainly in 
the textile industry, and between 60 and 250 systems hot air systems, mainly for drying food 
products. A detailed study will need to be carried out to determine the technical and 
economic potential. 

In summary the prospects for use of solar thermal energy for process heat in Morocco are: 

o The potential for use of solar for process heat exists in the industries which require 
process steam such as textiles, fertilizers etc. 

o A detailed market study needs to be carried out to identify, quantify and describe the 
markets for solar process steam in Morocco. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential for 
industrial heat through solar thermal systems for Textiles, Fertilizers and other process 
industries with approximately 750GWh/year by 2015 (Itpi, 2004), (Cder, 2004). Table 12 
provides details of prospects which are envisaged for use of solar thermal energy for 
industrial processes in Morocco. 

Table 12: Prospects for use of solar in industrial processes in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

Solar Thermal systems with 1 TWhI Year 750 GWh/Year 
collector fields with average area 
of 1000 m2 

7.1.5. Solar thermal electricity generation 

Concentrating Solar Power Systems using either parabolic trough systems, power tower 
systems or dish/Stirling engine systems have been generating electricity by concentrating 
available solar radiant flux. Of these technologies, solar trough power plants are generally 
considered to be the most developed solar thermal electricity technology and 354 MW of 
such plants have been operating in Southern California since mid 1980s. The maximum full 
load operating hours of the solar energy system is expected to be approximately 2,400 
hours/Year. Recently there have been efforts to integrate the solar field to a combined cycle 
power plant and use the solar steam in the steam turbo-generators. Such Integrated Solar 
Combined Cycle (ISCC) plants are being planned in several countries such as India, Egypt, 
Mexico and Jordan. 

As part of this plan and based on the market data available from existing sources and 
discussions with national experts of Office Nationale de l'Electricite (ONE) & Centre des 
Energies Renouvelables (CDER), it is expected that a plant of around 228-MW of ISCC to be 
fired by natural gas, will be completed by 2010 in Morocco. Of this, 30 to 40 MWe will 
likely be the solar field capacity (ONE, 2004). Table 13 shows the prospects for the ISCC in 
Morocco. 
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Table 13: Prospects for solar thermal power plants in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

Integrated solar combined cycle 750MW One plant of 228 MW 
plants of 228 MW with 30 to 40 
MW of solar field. 

7.2. Photovoltaics 

Due to the widespread availability of solar insolation over Morocco, photovoltaics can make 
a significant contribution to electricity supply, especially in un-electrified communities and 
through professional services. 

7.2.1. Rural electrification 

Rural electrification programmes are currently making significant progress in Morocco. 
However in the rural areas, where about half of the total population lives, the electrification 
rate is only about 50% whereas the rate in urban areas is about 90%. To bridge this gap, the 
Moroccan Government instituted the Global Rural Electrification Programme (PERG) in 
1996. The PERG is an ambitious program aimed at accelerating the process of connecting 
rural areas by using technologies that are most effectively adapted to the country's economic 
and geographic constraints. Moreover it is striving to attain a rural electrification rate of 90% 
by 2010. It is estimated that by the end of 2010, more than 1 million houses and 14,870 
villages will connect to an electricity supply via ONE's distribution networks and another 
200,000 houses will be equipped with solar systems, either photovoltaic kits or others (mini
grids, hybrids). (Abderrahim2002). 

During the first three years of the program (1996 to 1998), ONE's distribution network 
connected 2728 villages with 284,000 inhabitants. In 1999, an additional 1650 villages with 
some 154,000 inhabitants were connected to the electricity system, the rate of connection to 
the electricity system being 46% higher than in 1998. 

Even in cases where villages were electrified, only a small fraction of inhabitants can afford 
an electricity connection. Solar Home Systems (SHS) have been used around the world for 
rural electrification where grid extention is techno-economically unviable. Approximately 
one million homes are electrified around the world with SHS. Examples of successful 
ventures mounted on a commercial or near commercial framework are becoming increasingly 
common. (Mohamed et aI, 2004).Markets for such projects can be developed in Moroco 
provided: 

o Government funds currently used to subsidise the electricity sector are also made 
available to mobilise concessional finance for investment in rural electrification 
schemes, or resources from International Agencies such as the World Bank, are 
accessed with a similar objective; 

o The legal framework is revised to permit ownership and operations of micro-grids by 
private entrepreneurs; 

o Financial sector is reformed to finance such investment schemes; 

o Prospective entrepreneurs/investors in Morocco are exposed to successful initiatives 
in other countries and supported in the process of establishing service infrastructure, 
capital investments, and rural credit schemes. 
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In many situations such as Bhutan, rural inhabitants are not especially receptive to SHS based 
services since it is widely perceived as second quality electricity, and often consumers feel 
that if they accept SHS as an electrification scheme this will later deprive them of the 
opportunity to be connected to the national electricity grid. Centralised PV generation at 
village level, typically in the 10-100 kWp size offers scope to set-up and operates village 
micro-grids on a commercial or near commercial fee-for service basis. Such examples exist in 
Eastern India (Mnes, 2004). These grids provide grid quality AC voltage to consumers and 
can be managed and serviced as a micro utility of approximately 50-500 users. In Morocco 
such schemes would require regulatory amendments authorising sale of power to third 
parties, and establishment of Rural Energy Service Companies (RESCOs) for power plant 
management and services. Government support through subsidies or revenues from a scheme 
would be required to offset the capital and operating costs of such micro-grids such that 
consumer tariff differentials were not prohibitively different from consumers connected to the 
national grid. Since the operating life of such plants exceed 10 years, returns on investments 
can exceed those normally acceptable to commercial ventures assuming long term (10+ 
years) financing can be sourced. 

There may be scope to eventually trade emissions for these projects when trading 
mechanisms and tariff structures are eventually established. This rural electrification 
expansion scenario has good technical potential and good scope for consumer receptivity if 
regulatory and financing barriers are addressed. 

In the southern part of the country there are large numbers of nomadic people, the Touaregs, 
who are not served by centralised energy systems. Therefore the market potential for solar 
PV systems in Touareg families is estimated to be quite high. Small and simple mobile 
photovoltaic systems susch as solar lanterns would be suitable to support the migratory 
lifestyles of the Touaregs. The solar lanterns could also be used to facilitate education and 
income generating activities in the evenings (Vande Linde, 1994) 

Solar lanterns offer lighting solutions to the rural markets. Additionally there is some scope 
for lanterns as standby or security lighting on a limited scale. Solar lanterns have been in use 
for almost 2 decades globally. Various commercial and international initiatives have 
attempted to reduce manufacturing costs and identify configurations that attract market 
demand. Until recently the largest solar lantern utilisation has been through government 
subsidy driven initiatives and specific market opportunities such as disaster relief. 3000 Solar 
lanterns were given to those who were affected by the Tsunami in India in 2004 (MNES 
2005). Recent experiences, which combined technology advancement, increased consumer 
receptivity and innovative marketing strategies have yielded good market response, in the 
order of thousands of units/month. Such programmes are commercially driven. Prospects for 
adoption of lantern applications in Morocco are good, since PV module sizes are typically 
less than 25Wp, and the Moroccan industry has the capacity and know-how required to 
produce the moulded cases and circuit boards. Battery imports would however need to be 
addressed. Such a programme should be adopted within an innovative market strategy and be 
the key to effective market development. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables CCDER), it is estimated there is potential for 
200,000 solar home systems to be installed by 2015 (Pvmti, 2000), (Cder, 2000) (Apier 
2003). The potential market for solar lanterns for the Touaregs has not been quantified. 
However, a market size of 10,000 systems is estimated. Table 14 provides details of 
prospects which are envisaged for solar home systems and for solar lanterns in Morocco. 
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Table 14: Prospects for PV rural electrification in Morocco 

Renewable Energy Solution 
Estimated Targeted achievements by 
Prospects 2015 

0 PV Village Electrification 10MWp 0 200,000 Solar Home systems 
with of 50 Wp; 

0 25 Wp Solar lanterns for 250 KWp, 0 10,000 Solar lanterns of 
Touaregs; 

7.2.2. Water services 

Photovoltaic (PV) pumping is a viable technology for intermediate applications like small 
villages and moderate agricultural needs. In practice PV pumping is a suitable option for 
micro irrigation systems. 

Water is becoming increasingly scarce in urban environments as a result of high rate of 
increase in urban populations, poor water table replenishment, and slow expansion of present 
water distribution networks. Water pressures in urban distribution networks are frequently 
insufficient to ensure a 24-hour supply or to replenish roof top reservoirs, which are 
constructed, to compensate for irregular supply of city piped water. The provision of PV 
micro-booster pumps, powered directly from small PV generators to increase the manometric 
head at the point of entry into residential and commercial buildings, compensates for the 
deficit in the city piped water distribution system and ensures automatic and regular supply to 
header tanks at these locations. Pump technology exists on the international market and scope 
exists for technology transfer. A market assessment and business plan is required to solicit 
investors and technology transfer partners. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential 
between 500 to 1000 PV pumping systems for micro irrigation and 100 to 500 PV powered 
booster pumps for urban water pumping such as residential applications (greater capacity is 
required in apartment complexes) by 2015 (Onep,2004),(Itpi,2004),(Cder, 2004). Table 15 
provides details of prospects which are envisaged for PV pumping systems in Morocco. 

Table 15: Prospects for PV pumping systems in Morocco 

Renewable Energy Solution Estimated Prospects 
Targeted achievements 
by 2015 

PV pumping systems for micro 1000 pumping 500 systems 
irrigation of 3 k Wp array size systems 

Pumping systems of 100 Wp PV 500 pumping systems 100 systems 
panel SIze for urban domestic 
water supply 
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7.2.3. Systems for non -domestic use. 

The Government of Morocco accords high priority to the provision of water for irrigation and 
drinking. Towards this end, distributed production of potable water from ground water 
sources would provide one alternative. Pumps powered by solar PV, with treatment systems 
tailored to suit the ground water quality in the given location, could help the stations be 
independent of the grid (ONEP, 2004). The private sector can be involved to operate and 
maintain such stations and distribute and sell water through a franchising mechanism. The 
model is being tried in other countries and can provide an environmentally sound and 
sustainable solution to drinking water scarcity while addressing unemployment and related 
issues in rural settings. Market research and economic prospects are required however. One 
specific example, with a project already in development in India is that of pumping, purifying 
and packaging water for sale as drinking water. In this context the water assumes 
substantially higher value/litre and is marketed under a brand label to further enhance its 
retail value (Pvmti, 2002). For such projects to be explored in Morocco, investor/entrepreneur 
exposure is an essential starting point. A market distribution framework especially in 
communities without services or distant from packaged water sources offer the best market 
potential. 

There is also good potential for larger PV powered telecommunication repeater stations of 
between 3 kWp and 12 kWp and for remote PV powered television broadcast repeaters. 

There is potential for PV powered street lighting and road sign lighting as well as highway 
SOS communication columns. Beacon lighting systems would use a 20 Wp PV panel each. 
If it is assumed there is 5,000 km of desert road and a unit every kilometre, these would 
represent a total of 100 kWp. Highway communication posts require 20 Wp installed PV 
(eder, 2004). 

PV powered street lighting is well proven and has been widely used for almost 2 decades. 
Improvements to the earlier installations have been made in both the technology quality and 
service infrastructure. However the sale of products to local administrative bodies without 
commitment or concern for assured lighting still makes street lighting a questionable 
solution. An additional problem with PV powered street lighting is the reduced levels of 
luminosity compared with sodium vapour lamps and possibility of theft. There are other 
targeted applications of street lighting which have been demonstrated to be more successful. 
Such applications are primarily in the grounds of corporate or institutional bodies requiring 
reliable security lighting and for publicity. Given the absence of commercially available 
products, price barriers of importing products and subsidised costs of electricity to corporate 
and institutional consumers, the commercial prospects for this product are not good in 
Morocco, except in isolated situations (Pvmti, 2002). 

Other common and growing market segments for PV applications include applications for 
centralised power plants and power packs for urban/commercial business. The use of PV 
power packs is becoming commercially attractive with several international manufactures 
now offer inverter technology in the range of 0.5-5 kVA, which represented the major barrier 
to market growth in this segment until recently. Applications are commonly small businesses 
especially computerised businesses, which are hampered by irregular or poor quality power 
supply from the national electrical grid (Mnes, 2005). The capital cost of the PV power pack 
is offset by the avoided costs of inverters and battery packs that are becoming increasingly 
standard equipment in small business practices requiring reliable electrical power. 

70 



A good commercial mechanism for such power packs is through leasing arrangements where 
the asset remains with the supply organisation and monthly instalments are paid by 
consumers which are sufficient to meet financing costs, service costs, service infrastructure 
development and commercial margins. Entrepreneurial developers should be attracted to this 
market niche if import duty structures are rationalised to encourage growth in the PV sector. 
Research, development and demonstration projects in Morocco should also cover electronics 
for inverters. 

There is also potential in Morocco for grid feeder support through grid-interactive PV power, 
particularly in semi-urban areas where the existing electricity grid is weak. These systems 
serve as distributed generation systems on the feeder network (Cder, 2004). 

PV can be integrated into buildings using techniques to integrate PV in the Built Environment 
(PViB) to generate electricity for local use as well as selling electricity back to the electricity 
network. The largest potential is in the commercial and industrial sector. Commercial 
buildings may install large systems on the roof or integrated into a south facing fac;ade. The 
avoided cost of cladding materials by PV facades is significant and is the basis for the 
existing PViB systems in Europe. There is unlikely to be similar of avoided costs in 
Morocco and therefore the potential for PViB is very small and has not been identified. 

The Government of Morocco is looking at greater use of emerging technologies and 
information systems, which go hand in hand with an expanding and liberalised economy. 
The inception of private banking operations and the establishment of the stock exchange are 
steps in that direction (Pvmti, 2005). With more players in the arena, the competition calls 
for value added services to customers, viz, internet banking and Automated Teller Machines 
(ATMs). 

A good potential application of solar PV would be in powering the ATMs, especially at 
remote locations. The government of Morocco is also giving a high priority to information 
technology applications and internet centres and web-access outlets could be designed as 
stand-alone stations by powering up the applications with solar PV. The new economy of 
finance and IT services has thrown up plenty of opportunities for the use of PV to operate 
energy efficient equipment and applications at remote locations. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), the total market potential for 
professional photovoltaic systems in Morocco has been estimated as 500 kWp to IMWp of 
installed capacity by 2015. This includes: 25 PV drinking water systems with a pump and 
purifier for communities without water services; 200 standalone street lighting systems for 
local administrative bodies and institutional users; 100 PV Power packs for small business 
and commercial sector; 5 PV grid- tied distribution feeder support systems; 150 PV systems 
for automation for Banking / A TMs standalone IT centres and 10 PV telecom systems (Jtpi, 
2004 ),( Cder,2004 ),(Apier,2003). 

The details of prospects which are envisaged for Professional PV systems are listed in Table 
16. 
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Table 16: Prospects for professional PV systems in Morocco 

Renewable Energy Solution 
Estimated Targeted achievements 
Prospects by 2015 

PV systems for non-domestic use such as IMWp 500 kWp 

0 PV systems for drinking water of3 kWp 0 25 drinking water 
each; systems; 

0 PV street lighting systems of 100 Wp 0 200 PV street lighting 
each; systems; 

0 PV Power packs of 1.5 kWp; 0 100 PV power packs. 

0 PV distribution feeder support systems of 0 5 grid feeder systems; 
25 kWp; 

0 PV applications in banking and IT (to 150 banking/ IT 
power A TMs and internet centres) of 200 

0 

Wp each; 
systems; 

PV telecom systems of 10 kWp each. 
0 10 telecom systems. 

0 

7.2.4. Health and education systems 

PV systems could power supplies to small refrigerators in isolated hospitals and dispensaries. 
The majority of the country is electrified and therefore the potential for power to remote 
health centres would be for a number of centres in the un-electrified villages. 

There are also remote schools and other educational establishments in Morocco, which do not 
have electric supply. The market potential for unelectrified schools is not yet estimated. PV 
systems can be integrated to the school buildings and can power lighting systems as well as 
computers for educational purposes. Use of PV systems in educational facilities also offers 
scope for introduction of PV in the curricula and experiments into the science/physics 
practical sessions. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential of250 
kWp to 500 kWp for health and education sector applications in Morocco by 2015. This 
includes PV refrigeration and lighting systems for remote health centres and clinics as well as 
PV systems for lighting and computers for remote schools and educational establishments 
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(Itpi, 2005), (Cder, 2005). The details of prospects which are envisaged for health and 
education sector applications are listed in Table 17. 

Table 17: Prospects for PV health and education systems in Morocco 

Renewable Energy Solution 
Estimated Targeted achievements 
Prospects by 2015 

PV systems such as 500 kWp 250 kWp 

0 PV refrigeration and lighting systems for 0 250 health sector 
health centres and clinics each of 500 Wp systems 

0 PV systems of 500 Wp each for lighting 0 250 PV educational 
and powering computers of educational systems 
establishments 

7.3. Wind 

Morocco has good wind resources. The estimated wind energy potential in Morocco is 6000 
MW (Berdai, 2004). Sites with higher wind power densities and with grid infrastructure will 
be more attractive for immediate development, subject to the availability of a grid-connection 
and the electricity feed-in-tariff offered. Various consultancy reports have suggested target 
capacities of 1000 MW or 2000 MW by 2015 (Cder, 2004) (One,2000). 

Such a development is certainly achievable but given the low level of development to date 
would require a rapid start and acceleration of wind developments in Morocco, with 
associated financing and development of technical personnel. The immediate objective must 
be to identify sites with high wind power densities with grid infrastructure for export of 
power for focussed development through private sector market development mechanisms. 

There is also significant potential for stand-alone wind-turbines to serve off-grid and nomadic 
communities though wind energy sometimes hybridised with PV or diesel. Much of the wind 
potential lies in the least economically developed areas where diesel is subsidised. 

For the grid connected and stand alone wind electricity developments the Moroccan 
authorities need to explore ways to involve the private sector - both domestic and 
international. There are several examples globally on how this has been done in Germany, 
Spain, Denmark, India and Egypt (Ireda, 2004). 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de I 'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated there is potential of 
1000 Grid connected wind farms and 1000 stand-alone wind off-grid systems for electricity 
and water pumping in Morocco by 2015 (Itpi, 2005), (Cder, 2005). 

The details of prospects which are envisaged for wind energy applications are listed in Table 
18. 
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Table 18: Prospects for wind energy systems in Morocco 

Renewable Energy Solution Estimated Prospects Targeted achievements 
by 2015 

Grid connected wind electric 6000 systems 1000 systems 
generation with average unit sizes 
ofl MW. 

Stand-alone wind electricity 2000 systems 1000 systems 
generation with average unit sizes 
of 100 kW 

7.4. Hydro Power 

Existing data focuses on medium to large scale hydro. ONE carried out a study in 1979 which 
examines the potential of 200 sites for off-grid small-hydro schemes to serve rural 
communities. A review of irrigation networks and canal drops in Morocco would determine 
the potential for low head (1-3 m) micro hydro applications for farm power and rural 
electrification in the 100-200 kW power range. Similar studies need to be completed in the 
southern region and encompass smaller schemes. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is expected that 50 MW of 
hydropower can be developed in Morocco including the projects being planned currently. 
Apart from the current activity underway and another one or two small hydro power projects, 
at least 10 canal drop low-head hydro schemes operating on heads of 1-3 meters with average 
sizes of 200 kW are also expected to be developed. These projects are expected to be 
developed around the irrigation canal network in Morocco by 2015 (Itpi, 2004), (Cder, 2004), 
(Apier, 2003). The details for prospects for small and micro-hydro power developments are 
summarised in Table 19. 

Table 19: Prospects for hydro power developments in Morocco 

Renewable Energy Solution 
Estimated Targeted achievements 
Prospects by 2015 

Small hydro electric power projects 50MW 50MW 
and canal drop schemes 

0 Small hydro 
developments 
totalling 48 MW 

0 10 canal drop 
schemes of 200 k W 
each 
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7.5. Hybrid Systems 

Since high levels of solar radiant flux is available more or less uniformly over the country, 
other renewable sources or hydrocarbon sources can be hybridised with photovoltaics to get 
better economics. In the Moroccan context the options that are considered feasible and 
attractive are wind-PV hybrids and Diesel-PV hybrids. (Nfaoui et aI, 1994) 

Small wind turbines hybridised with PV in locations where there is complementarities of 
wind and solar resource have better economic performance in comparison with either of the 
sources alone. There may be potential in this region and also at other locations along the 
western part of the country where local wind systems may be prevalent. 

In locations where solar energy and hydrocarbon resources (Diesel, Petrol or Butane) are 
available, PV -diesel hybrid systems can provide reliable power supplies with superior 
economics, than using these sources individually. In such hybrid systems, the storage size 
(typically of the lead acid battery bank) is considerably reduced and the specific fuel 
consumption is also reduced. Specifics of potential for such systems are yet to be defined and 
this needs to be studied. 

An additional potential for PV -wind hybrids is for water desalination on the Mediterranean 
coast (Zejli & aI, 2004). The scarcity and low quality of the water available to people in many 
parts of Moroco make it imperative that priority be given to remedial action. The lack of 
potable water at the village level is a major threat to community health. Low life expectancy 
along with high mortality and morbidity rates are commonly associated with water borne 
diseases. A significant reduction in these and other diseases can be achieved through the 
provision of safe water supplies. In areas where water for human consumption and irrigation 
is scarce, water desalination from the sea using renewable energy technology can provide 
solutions. Water desalination through the process of reverse osmosis, coupled with renewable 
energy technology offers the opportunity to provide remote villages with reliable access to 
safe potable water supplies. In other areas where water unfit for human consumption can be 
found, relatively cheap and easy-to-operate solar-powered equipment can improve the health 
conditions through the provision of decontaminated drinking water (Khalid, 2001). This is an 
example of bringing together sound technologies that provide immense environmental benefit 
at low capital and minimal operating cost. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated that there is a potential 
for at least 100 Wind-PV Hybrid systems. Of this potential at least 30 systems can be realised 
by 2015. Based on the preliminary information available it is estimated that there is scope for 
at least 200 diesel-PV hybrid systems. Achievement of at least 50 such systems is expected 
by 2015. 

Considering the energy requirements of a reverse osmosis desalination plant, a wind-PV 
hybrid system with the major share of energy coming from wind energy is proposed. 
Considering the specifications for such systems in Caribbean countries, a system with a 500 
kW wind turbine and 100-kWp PV array is proposed to be achieved in the 10 year plan 
period. More developments may be possible once this plant demonstrates the technology and 
economics (Itpi, 2004), (Cder, 2004), (Apier, 2003). 

There is considerable scope for further applied research, development and demonstration of 
hybrid systems in Morocco. (Davies, 2005) A detailed study and a pilot project are 
recommended to analyse the suitability of this technology to Moroccan conditions. The 
details of prospects for hybrid energy systems in Morocco are summarised in Table 20 below. 
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Table 20: Prospects for hybrid energy systems in Morocco 

Renewable Energy Solution 
Estimated 

Targeted achievements by 2015 
Prospects 

Wind-PV reverse-osmOSIS 2 systems One system with a 500 kW wind 
desalination plant turbine and 100 kWp solar PV array 

Wind-PV hybrid systems with 100 systems 30 systems 
average SIzes of 3 kW wind 
chargers and 2 kWp PV array 

PV -Diesel hybrid systems with 3 200 systems 50 systems 
kWp average PV array size. 

7.6. Bio-energy 

7.6.1. Biological processes 

The total annual quantity of biogas, which could be produced in Morocco, has been estimated 
to 3 million m3/Year derived from a previous study (Apier, 2003). Assuming energy content 
of biogas is 23 MJ/m3 and the biogas has a methane content of about 60 % this is equivalent 
to 19 GWh/year (CDER-2004). 

Anaerobic digesters, which produce the biogas, range in size from small household units up 
to 2,000 m3 units for large commercial installations. The biogas can be used directly for 
thermal, lighting or cooking purposes or used to generate electricity. The use of the biogas 
would depend on the location of the anaerobic digester. At present there is insufficient 
information for identification of potential sites and therefore the use cannot be defined 
accurately. 

The production of biogas would decrease pollution from animal and agricultural wastes 
which is currently a problem in many rural areas surrounding farms. There is an additional 
advantage from anaerobic digestion that the biogas slurry can be used as an organic fertiliser. 
Although enough digestible material such as animal, human and agro-wastes are available in 
Morocco the production of biogas through the biological route may be constrained by the 
following factors: 

• Cattle herds are small and widely dispersed with nomadic herding practices; 
• Agricultural wastes are spread widely across the country; 
• Water shortages in some areas would cause problems, as large quantities of water are 

required in the anaerobic digestion process. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is expected that by 2015, 15 large 
biogas plants of 1000 m3 capacity and 20 smaller biogas plants of 500m3 capacity will be 
installed in Morocco. There is also opportunity for small communities and individual 
households to develop small family size biogas plants between 15 to 100 m3 sizes (Itpi, 
2004), (Cder, 2004), (Apier, 2003). Details of the prospects for Biogas systems are shown in 
Table 21. 
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Table 21: Prospects for biogas systems in Morocco 

Renewable Energy Solution 
Estimated 

Targeted achievements by 2015 
Prospects 

Institutional biogas plants 50 systems 35 systems 

15 systems of 1000 m3 capacity and 

20 systems of 500 m3 capacity 

Family size biogas plants 3000 systems 2300 systems 

0 1000 systems of 100 m3 capacity 

0 800 systems of 50 m3 capacity 

0 300 systems of 30 m3 capacity 

200 systems of 15 m3 capacity 

7.6.2. Thermo-chemical processes 

The thermo-chemical processes for biomass conversion consists primarily of two routes -
direct combustion and gasification. Both routes have been used but the direct combustion 
route is the most popular one. 

In the direct combustion process the biomass is burned in a boiler to generate steam at high 
pressures and used to produce electricity in a turbo-generator. Such systems are available 
from 3 k W to multi megawatt sizes. In some cases, these are also used as cogeneration 
systems where the steam is bled intermittently for process heat requirements. Sugar 
cogeneration projects in the pacific islands are examples of such systems (Mnes,2004). A 
survey of the possible potential in Morocco for Thermo-Chemical processes should be carried 
out identifying sites with both biomass and electricity demand. 

Gasification of biomass to produce a combustible gas offers the possibility for a more 
efficient conversion of a given biomass into electric power than the rankine cycle. In 
Morocco, there may be potential for gasification in the food processing industry, in particular 
the residues from olive oil production. In addition the wood produced from fruit farms could 
be used for gasification. However the fuel characteristics (size, texture, moisture content 
etc.) are important in determining the plant performance. Simple atmospheric gasifiers exist 
at scales from 3 kW up to 500 kW. The Thermal efficiency of these gasifiers are between 
70 % to 80 %. This gas can then be used to generate electricity in small-scale diesel 
generators with efficiencies of about 25 %. Therefore the total efficiency of the process is 
between 15 % and 20 % (itpi, 2005). 

Generally biomass is found dispersed which poses problems with handling and 
transportation. The energy densities are also low. Biomass densification technologies such as 
briquetting and pelletisation help over come these three problems. Handling transportation 
and energy density of Briquettes and pellets can be produced from most crop residues and 
wood products, and briquettes produced from wood will have an energy content of 
approximately 4.5 kWh/kg. It is recommended to analyse the potential for agricultural 
residues suitable for briquetting in Morocco, in association with the Ministry of Agriculture, 
and determine suitable residues, applications for use and locations for densification. 
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Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated 10 pilot projects could 
be developed in Morocco by 2015, which consists of briquetting systems feeding into 
gasifiers to generate electricity (Itpi, 2004), (Cder, 2004), (Apier, 2003). Details of prospects 
for thermo chemical conversion are shown in Table 22. 

Table 22: Prospects for thermo-chemical conversion of biomass in Morocco 

Renewable Energy Solution 
Estimated Targeted achievements 
Prospects by 2015 

Briquetting and gasification systems 100 systems 10 systems 
with gasifier-generator output of 30 
kW. 

7. 7. Urban waste 

There is a good opportunity in Morocco to use the municipal waste for electricity generation 
and heat production. The various waste-to-energy technologies, which are available for this 
purpose, are landfills, incineration and anaerobic digestion. The technology used depends on 
the type of wastes. Usually bio-degradable waste is used for landfills and digestion. Solid 
wastes (including biodegradable wastes) can be directly burned to produce electricity. (Sadrul 
et aI, 2006) 

The lifetime yield oflandfill sites is, theoretically 1400 kWh to 1650 kWh per tonne of waste, 
however yields of half this are more likely in practice. In smaller population centres there 
may be opportunities, depending on the construction of landfills, to exploit biogas to produce 
electrical energy, partially compensating the costs of their operation. Waste incineration is a 
proven technology and used in many countries for electricity and heat generation from heat 
recovery boilers. Hospital waste, which should be incinerated to avoid contamination, can 
also be used for heat recovery and electricity generation. The organic fraction of domestic 
waste can be treated in anaerobic digesters to generate a gas to bum directly or for electricity 
generation. The energy content of the gas depends on the make up of the waste. 

Sewage material can be treated in anaerobic digesters to provide biogas. Many water 
treatment works already include this technology for electricity generation. The lower 
temperatures of pyrolysis are also advantageous in dealing with certain wastes such as 
plastics and rubber. 

Considering the global and Moroccan trends and based on the market data available from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(ONE) & Centre des Energies Renouvelables (CDER), it is estimated that there is potential 
for 4 urban waste-to-energy plants of 15-40 MW range for cities generating large amounts of 
urban and industrial waste. It can be seen that cities such as Rabat, Casablanca, Marrakech 
and Agadir offer the maximum potential for waste to energy generation (Itpi, 2004), (Cder, 
2004), (Apier, 2003). Table 23 provides details of prospects which are envisaged for urban 
waste-to-energy power plants in Morocco by 2015. 
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Table 23: Prospects for urban waste-to-energy power plants in Morocco 

Renewable 
Estimated 

Energy 
Prospects 

Targeted achievements by 2015 
Solution 

Urban waste 100MW • 40 MW in Agadir; 
to energy 25 MW in Casablanca · systems 

• 20 MW in Marrakech 

• 15 MW in Rabat 
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8. RENEWABLE ENERGY PROPOSALS FOR MOROCCO 

8.1. Introduction 

The purpose of the thesis as stated in section 1.1 of chapter 1 is to investigate the feasibility 
of renewables in meeting the Moroccan national energy balance thereby reducing dependence 
on conventional energy sources and leading to environmentally sound and sustainable 
development. This chapter has two main components: 

1. Energy development plan consists of a set of proposed activities to develop wind, 
bio-energy, solar, hydro and hybrid systems, which will provide heat and power to 
Moroccan energy needs. 

2. Accompanying measures plan consists of activities that play an important role in 
facilitating the energy developments and thereby the purpose. They consist of studies, 
training and capacity building, promotional and institutional development activities. 

This chapter consists of a set of actionable recommendations and proposals for renewable 
energy systems development along with the accompanying measures to facilitate this energy 
development. The proposals have been formulated assuming that, 

o The implementation period of the plan will extend over a period of 10 years, from 2006 
to 2015; 

o The development of energy systems contributes to meeting the primary energy demand 
in the country. By progressively increasing the contribution of renewable energy in the 
total energy mix through planned efforts, the country would be able to reduce the burden 
of dependence on hydrocarbon sources such as gas based electricity, gasoline generators, 
diesel heaters and butane lamps; 

o The accompanying measures such as the establishment of institutions, conducting studies 
and surveys and training and capacity building efforts would be put in place in order to 
facilitate implementation of the proposed plan. 

o Government commitment to the plan will result in adequate resource allocation and 
establishment of Institutional Framework 

In this chapter various elements of the renewable energy plan are presented. In section 8.2 the 
modelling of the renewable energy plan is detailed. This is followed by the energy systems 
development plan and the accompanying measures plan. Details of costs, possible sources of 
finance and a quantification of the benefits arising out of the plan are discussed and 
elaborated in the later sections of this part of the Plan. Thereafter, two alternate scenarios for 
the plan are proposed and conclusions are drawn. 

8.2. Modelling the renewable energy plan 

The modelling of the Renewable Energy Plan has been done based on the assessment of 
prospects, modelling the heat and electricity contributions by technologies, development and 
costing of the accompanying measures, building the price developments, estimating the social 
and environmental dimensions and estimating the primary energy contribution. This involved 
estimating the costs of the renewable technologies and modelling the staff and support 
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infrastructure growth based on global examples and applying to the Moroccan situation. For 
capacity building and studies which required professional time inputs, the level of efforts 
were modelled and costed, based on Moroccan and international cost data obtained from 
existing sources and discussions with national experts of Office Nationale de l'Electricite 
(One, 2005), Centre des Energies Renouvelables (Cder, 2005) and IT power (Itpi, 2005). 

8.2.1. Energy development model 

The energy development model had several sub-modules and involved most of the modelling 
efforts. These sub-modules are: 

1. Heat and electricity module defines the capacity additions for providing heat and 
electricity through various renewable energy technologies. The capacity additions have 
been specified based on the renewable energy potential (Chapter 7) and prospect 
assessments (Chapter 8). 

2. The phasing module which phases the renewable energy technologies during the plan 
period to Research, Development and Demonstration (RD&D), Pilot and Bankable. The 
phasing module considers the global status of the technology as well as it's track-record 
in Morocco. Both the heat and electricity module and the phasing module are iterative; 

3. The cost module estimates the costs of the energy developments based on the technology 
in question and applies a trend adjustment. The global trends were taken as the basis and 
the costs vary according to the trend over the 10 year plan period. 

4. Energy generation module estimates the energy generation by the heat and electricity 
capacity additions based on the utilisation factors possible under Moroccan conditions. 
This module also calculates the share of renewable energy in primary energy during the 
10 year plan period; 

5. Socio-economic module uses a standard enterprise development model and is based on 
the level of efforts required for manufacturing, marketing, installation & commissioning 
and operation and maintenance of renewable energy systems. The model quantifies the 
employment generation; 

6. Economic analysis module is a major module where the technologies are regrouped on 
the basis of the baseline energy use. Economic analysis is then carried out to arrive at the 
lifecycle costs and the levelised annual costs of both the renewable energy route and the 
baseline energy use; 

7. Emission reductions module is linked to the energy generation model and calculates the 
emission reductions based on the primary energy share by the renewable energy plan. 

8. Sensitivity analysis module is linked to the economic analysis module and varies the 
petroleum derivative prices in the baseline energy use in 10% steps; 

The proposed model with the assumptions, data on renewable energy resources, types & 
levels of activity and cost estimates underlying various proposals as well as the detailed 
economic analysis for the three scenarios are presented in the following sections. 
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The energy development model is illustrated in Figure 19. 
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Figure 19: Energy development model 

8.3. Energy development plan 

8.3.1. Introduction 

The energy development plan is the key part of the renewable energy plan and consists of a 
series of proposals or activities referring to specific renewable energy technologies (Chapters 
7 and 8) to provide an increasing share of the primary energy demand. These fall into six 
categories namely, solar thermal, photovoltaics, hybrid systems, hydro energy, bio-energy 
and wind energy. The proposed activities are to begin in 2006 and continue till the end of the 
plan period in 2015. 

o Solar thermal energy systems, consisting of applications such as space heating and 
cooling systems, hot water systems, dryers etc. 

o Photovoltaic energy systems, consisting of home systems, lighting and electrification 
systems, water pumping systems, health, education and other professional applications. 

o Hybrid systems, consisting of hybrid options involving PV, Wind and Hydrocarbon 
fuels. 

o Hydro energy systems involving small and micro-hydro schemes and canal drop 
schemes 

o Bio-energy systems consisting ofbiogas, urban waste to energy projects and 
gasification; 

o Wind energy systems consisting of grid connected and stand alone wind electric 
generators, 

The complete listing of each of the applications in the energy development plan, their 
specifications and scope of application with reference to Chapter 8 is given below in Table 
24. 
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Table 24: Energy development plan components 

No Energy Specifications Applications 
System/Technology 

1 Solar Thermal Space Systems with average New Buildings to be 
Heating Systems collector area of 25 m2 constructed 

2 Solar Thermal Space Systems with average Hotels, Offices and large 
Cooling Systems collector area of 25 m2 houses 

3 Solar Hot Water Systems Domestic Systems capable Houses and apartment 
of supplying 200 lpd of hot blocks 
water. 

Non-domestic systems with Commercial and light 
average size of2500 lpd of industrial sector 
hot water 

4 Solar dryers for agriculture Systems with an average Fruit, tobacco and other 
7 

collector area of 200 m- agro-processing industries 

5 Industrial Process Heat Systems with an average Textiles, Fertilizers and 
through Solar Thermal collector area of 1000 m2 other process industries 

6 PV Village electrification Solar Home Systems of 50 Houses which are yet to be 
systems Wp electrified 

7 Solar Electrification for Solar lanterns of 10 Wp For Bedouin families 
Bedouins 

8 PV Pumping Systems Micro-irrigation systems Replacement of existing 
with a 3kWp array minor irrigation pumps 

PV powered booster pumps with PV for irrigation; 

with a 100 Wp module for Urban water supply 
urban water pumping networks 

9 PV systems for non- PV drinking water systems Communities without 
domestic use with a pump and purifier water services; 

powered by a 3 kWp array 

Standalone lighting systems Local administrative 
of 100 Wp size bodies and institutional 

users 

PV Power packs of 1.5 Small business, 
kWp size commercial sector 

PV grid tied systems of 25 Support in distribution 
kWp size feeders 

PV Systems for automation Banking / A TMs stand-
of200 Wp size alone IT centres 

PV telecom systems of 10 Telecom and PV repeater 
kWp each stations 
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T bi 24 E a e : nergy deve opment plan components (continued) 

No Energy Specifications Applications 
System/Technology 

10 PV health & education Refrigeration and lighting Remote health centres 
systems systems of 500 Wp each and clinics. 

Lighting and computers Remote schools and 
powered through 500 Wp educational 
systems establishments 

11 Wind electric generation Unit sizes of 1 MW WEG Grid connected wind 
farms 

Unit sizes of 100 kW WEG Stand-alone off-grid 
systems for electricity 

12 Hydro power Small hydro power Grid connected 
developments totalling 48 electricity generation 
MW 

Irrigation canal network 
Canal drop schemes with to power farms and 
average size of 200 k W communities 

13 Hybrid Systems Wind PV reverse osmosis Water supply on the 
desalination plant Mediterranean coast 

Wind PV hybrid systems of Western part of country 
size 5 kWp 

Community, 
PV -diesel hybrid systems commercial and 
with 3 kWp array size industrial systems 

14 Integrated Solar Combined Gas based 228MW power Grid connected power 
Cycle Power Plant plant with a 30-40 MW generation near one of 

solar field integrated the gas fields. 

15 Biogas systems Large biogas ~lants of 500 Institutions such as 
m3 or 1000 m capacity government cattle and 

poultry farms 

Small biogas plants of 15 to 
100 m3 capacity Farms and households 

16 Gasification plants Briquetting-cum- Oil mills, sugar 
gasification plants of 30 manufacturing units 
k We gasifier output 

17 Urban waste to energy Solid waste power plants of Cities generating large 
plants totalling 100 MW amounts of urban waste 
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Depending upon the level of maturity and commercialisation of the respective technology in 
Morocco and Internationally, the plan components· have been phased out as three. These 
phases of the energy development plan are explained briefly below: 

o Research, Development and Demonstration (RD&D), in this stage research is being 
carried out to apply the technology to Moroccan conditions or to carry out additional 
technology developments. 

o Pilot projects, technologies that are considered mature that have had a limited track
record in Morocco are piloted so that larger developments in the private sector can follow. 
The pilot projects can also make a contribution to the primary energy demand. 

o Bankable projects, are technology and project developments that are primarily taken up 
by the industry. The role of the government is limited in this stage. Bankable projects are 
developed on commercial lines and therefore contribute to the energy demand. 

Almost all of the renewable energy technologies and energy systems that are included in the 
Renewable Energy Plan pass through more than one of the phases of RD&D, Piloting or 
Bankable. These stages are also considered to be sequential, the completion of RD&D, 
initiates piloting of projects and projects, which have been piloted, are ready for the bankable 
phase. The plan contains technologies such as grid connected wind farms that are considered 
commercial which directly enter the bankable phase. Also contained are technologies such as 
use of wind-PV hybrids for desalination, which do not move beyond the RD&D stage during 
the plan period. 

8.3.2. Research, Development and Demonstration 

The Research, Development and Demonstration (RD&D) programmes carried out in Morocco 
have so far focussed on solar thermal applications, especially for the domestic sector (Cder, 
2004). Under the Renewable Energy Plan, the scope of the RD&D has been enlarged to 
include several more renewable energy technologies. The technologies, which are included in 
the RD&D programme, are oriented towards strengthening local industry and research 
institutions, developing better market information and acquiring operational experience. 
RD&D programmes needs to focus on technology adaptation and applications, thereby serving 
the needs of the Moroccan renewable energy industry. 

Assuming that the renewable energy plan will extend over a period of 10 years (section 9.1), 
the implementation period of the RD&D programmes will vary between 2006 and 2015 
depending on the renewable energy technologies. The implementation period (number of 
years) and the costs in (US$) have been estimated based on the international trends in donor 
assistance such as the World Bank (WB), the Asian Development Bank (ADB), Kreditanstant 
fur Wiederaufbau (KfW) and also based on the past involvement in renewable energy projects 
in Morocco (Resing,2005), (Cder, 2005) and India (Itpi,2005), (Mnes,2005),(Pvmti,2005). 
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The proposed cost and implementation period of renewable energy technologies under the 
Research & Development (R&D) programme are given in Table 25. 

Table 25: Research & Development projects plan 

R&D R&D 
R&D 

Description 
Capacity/ R&D Phase Phase 

Number 
system cost Starting Ending 

of years 
year year 

SOLAR THERMAL 

Solar Thermal Space Heating 
25 7 $150,000 2006 2008 2 

Systems 
m-

Solar Thermal Space Cooling 
25 7 $200,000 2007 2009 2 

Systems 
m-

Solar Thermal Domestic Hot 
200 Ipd $450,000 2006 2008 2 

Water Systems 

Solar Thermal Hot Water Supply 
2500 \pd $200,000 2009 2011 2 

for Non Domestic Applications 

Solar Dryers for Small Scale 
200 

7 $150,000 2006 2008 2 
Agricultural Applications 

m-

Industrial Process Heat 1000 
7 $750,000 2007 2008 I m-

PHOTOVOL TAlC 

PV Powered Pumping Systems 
100 Wp $100,000 2008 2009 I 

for Urban Water Supply 

HYBRID CONFIGURATIONS 

PV-Diesel Hybrid Configurations 3 kWp $800,000 2008 2010 2 

HYDRO 

Micro Hydro Schemes 25 MW $100,000 2006 2009 3 
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The proposed cost and implementation period of renewable energy technologies under the 
Demonstration (D) programme are given in Table 26. 

Table 26: Demonstration projects plan 

Description Capacity/ I Demonstration Demonstration Demonstration Number 
system Cost starting year ending year of years 

SOLAR THERMAL 

Solar Thermal Space 
25 ? $150,000 2008 2011 3 

Heating Systems 
m-

Solar Thermal Space 
25 

? 
$150,000 2008 2009 1 

Cooling Systems 
m-

Solar Dryers for Small 
Scale Agricultural 200 

? $250,000 2007 2010 3 m-

Applications 
Industrial Process Heat 1000 

? $750,000 2007 2008 1 m-

PHOTOVOL TAlC 

PV Powered Pumping 
Systems for Urban Water 100 Wp $250,000 2010 2012 2 

Supply 
PV Health and Education 

500 Wp $150,000 2007 2008 1 
Systems 
PV Pumping Systems 

,., kWp $350,000 2008 2010 2 .) 

PV Professional 
5 kWp $2,000,000 2007 2009 2 

applications 
HYBRID CONFIGURATIONS 

PV -Wind Hybrid 
2 kWp $250,000 2008 2010 2 

Configurations 
PV -Wind Desalination 

100 kWp $1,400,000 2008 2012 4 
System 

HYDRO 

Micro Hydro Schemes 25 MW $100,000 2007 2010 3 

BIO-ENERGY 

Briquetting and Gasification 30 kW $350,000 2007 2011 4 

Biogas Systems 
60 m3 $50000 2009 2010 1 

(Small scale) 
Biogas Systems 

1000 m3 $200,000 2009 2010 1 
(Large scale) 

WIND 

Wind Electric (Stand alone) 100 kW $250,000 2006 2007 1 
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The details of the Research, Development and Demonstration (RD&D) Programmes proposed 
along with technical and financial details are given in Table 27. Each of the specific RD&D 
components is elaborated further at Appendix 2. 

Table 27: RD&D Programmes 

No RD&D Programme Description Implementat Costs (US$) 
Programmes ion Period 

1 Solar Thermal Demand assessments, engineering design 2006-2011 300,000 
Space Heating study, design validation, testing and 
Systems demonstration 

2 Solar Thermal Demand assessments, design study, design 2007-2009 350,000 -
Space cooling validation, testing and demonstration 
systems 

3 Solar Dryers Market survey/assessment, visits to other 2006-2010 400,000 
demonstrations, prototype development, 
demonstration, quality control, economic 
evaluation 

4 Domestic Hot Technology and policy review. Prototype 2006-2008 450,000 
Water Systems development, testing. Design optimisation, 

Market/cost analysis. Industrial development 

5 Solar Thermal Market prospects for Hamams, Use of 2009-2011 200,000 
non-domestic concentrating collectors. 
Hot Water 
Systems 

6 Solar process Field survey, design, prototype testing, 2007-2008 1,500,000 
heat for demonstration 
industries 

7 PV pumping for Market survey, technology development, 2008-2012 350,000 
urban water testing, demonstration 
supply 

8 PV Health and Demonstration of health and education sector 2007-2008 150,000 
Education systems 
systems 

9 PV pumping Demonstration of PV pumping systems 2008-2010 350,000 
systems 

10 PV Professional Demonstration of professional applications of 2007-2009 2,000,000 
applications PV 

11 PV-Diesel Market assessment, technology selection, 2008-2010 800,000 -
hybrids economic analysis 

12 PV-wind Demonstration ofwind-PV hybrids 2008-2010 250,000 
hybrids 

13 PV-wind Wind-PV desalination demonstration project 2008-2012 1,400,000 
desalination 
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Table27: RD&D Programmes (continued) 

No RD&D Programme Description Implementat Costs (US$) 
Programmes ion Period 

14 Hydro power Hydro resource re-assessment, demonstration 2006-2010 200,000 
of canal drop schemes 

15 Briquetting and Demonstration of briquettingl gasifier systems 2007-2011 350,000 
gasification 

16 Biogas systems Demonstration of small biogas systems 2009-2010 50,000 

17 Biogas systems Demonstration of large biogas systems 2009-2010 200,000 

18 Stand-alone Demonstration of stand-alone wind 2006-2007 250,000 
wind electric electricity. 

TOTAL 9,550,000 

The proposed RD&D programme consists of 18 components that will have to be 
implemented from 2006 to 2015. The solar energy technologies - solar thermal and 
photovoltaics, dominate the RD&D activities, taking up 63% (Figure 20) of the US$ 9.5 
million resources required. Hybrid energy systems, which involve solar, wind and fossil fuel 
sources, constitute a major component of the RD&D plan. Bio, wind and hydro energy 
technologies have also been included in the RD&D plan. Most of the RD&D tasks focus on 
application of renewable energy systems, however some focus exclusively on the system 
components. 

Bio 
6% 

Hybrids 
26% 

Wind 
3% 

Hydro 
2% 

Solar 
63% 

Figure 20: R, D&D activities 
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The highlights of the RD&D Programme under the Moroccan Renewable Energy Plan are: 

D There are 18 RD&D components that cost US$ 9.5 million to implement. The share of 
each technology required for RD&D funding is shown in Figure 21. 

D Although solar technologies dominate the share of the RD&D activities, bioenergy, wind 
and hydro technologies which are relevant to the Moroccan situation have also been 
included; 

D Hybrid energy systems hybridising solar, wind and fossil fuel sources have been proposed 
as a major component in RD&D; 

D The RD&D Programmes start in 2006 and are completed by 2015. There are programmes 
that start as late as 2009 and ones that are completed as early as 2007. 

D RD&D programmes that are proposed generally focus on applied RD&D for renewable 
energy systems. 

Millions USD 
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$5 
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Solar Hybrids Bio Wind Hydro 

Figure 21: Share ofRD&D resources 

8.3.3. Pilot projects 

Some of the renewable energy technologies and systems that have been included in the plan 
although proven in other locations do not have any significant track record in Morocco. Pilot 
projects involving these technologies are proposed to build confidence and prepare the industry 
and financiers for the commercial development stage. Private sector participation is also 
envisaged in several of these pilot projects. Assuming that the renewable energy plan will 
extend over a period of 10 years (section 9.1), the implementation period of the pilot projects 
will vary between 2006 and 2015 depending on the renewable energy technologies. 

The worldwide market for PV has grown exponentially over the last 20 years as the cost of 
module has dropped dramatically, from US$ 7.4/W in 1987 to US$ 2.7/W in 2003 as shown in 
Figure 22 (Muneer et aI, 2004). Future forecasts indicate that cost of PV is likely to drop 
further over the coming years, approximately up to US$ 0.8/W by the year 2020. As a direct 
consequence of this the costs of solar electricity is decreasing as well as about 40-50% of the 
installed cost of the system comprises of the cost of module. 
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The cost of a PV system in 2006, US$ 7/Wp, is projected to drop down to less than US$ 4/wp 
by the year 2015 (Rew, 2002). Similarly, it is estimated that the cost of each of the renewable 
energy technologies for the energy development plan, will be decreasing steadily over the 10 
year plan period. Table 28 gives details about the cost per unit in (US$) in 2006 and 2015 for 
the proposed RE technologies. The projections were based on existing sources in the respective 
technologies (REW, 2002); (ITPI, 2005); (REPN, 2005). 

Table 28: Cost Trends in energy technologies (US$) 

(Source: REW, 2002; ITPI, 2005; REPN, 2005) 

Technology Cost per Unit Cost per Unit 
in 2006 in 2015 

Solar Hot Water Systems $4/1pd4 $2/1pd 

PV lighting, systems for non - $7/Wp $4/Wp 
domestic use 

Hybrid Systems $5/Wp $2/Wp 

PV Pumping $6/Wp $3/Wp 

Wind Electric $1000/kW $700/kW 

Solar Thermal Systems $200/mL $150/mL 

Solar Dryer $150/m- $100/mL 

Industrial process heat $100/mL $80/mL 

Solar Thermal Electricity $ 1200/kWe NA 

Small and Micro Hydro $800/kW $700/kW 

Biogas Digester $1800/m j $1500/m j 

Briquetting cum gasification $800/kW $500/kW 

Solid Waste to energy $800/kW $500/kW 

4 Lpd = litres per day 
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Details of the cost per unit mentioned above (Table 28) were used for estimating the annual 
cost of each of the component for implementing the pilot projects (Table 32) and the bankanble 
projects (Table 36). 

The cost trend factor (CTF) for each of the RE technology during the 10 year period was 
calculated with the following formula: 

CTF= [ (Cost per system in 2006) - (Cost per system in 2015) ] 1(2015 - 2006) 

Where 

The Cost per system in 2006 = (Cost per unit in 2006) x (The Capacity (or Size) for each 
system.) 

The Cost per system in 2015 = (Cost per unit in 2015) x (The Capacity ( or Size) for each 
system). 

Eg: For a Solar Thermal Domestic Hot Water Systems: 

1. The cost per unit 

The cost per litre per day in 2006 = US$4 (Table 28) 

and 

The cost per litre per day in 2015 = US$2 (Table 28) 

2. The cost per system 

The Cost per system in 2006 = US$4/litre x 200 litres = US$800 (Table 29) 

and 

The Cost per system in 2015 = US$2/litre x 200 litres = US$400 (Table 29) 

Therefore, the cost trend factor for a Solar Thermal Domestic Hot Water Systems is 

CTF = (US$800 - US$400 ) / 9 = US$44 (Table 29) 

Based on the above formula the costs per system for each of the renewable energy technologies 
in 2006 and in 2015 as well as the cost trend factor over the 10 year plan period are calculated. 
This is given in Table 29. 
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Table 29: The cost trend factor 

Application 
System Size 

Unit 
Cost / unit Cost / unit Cost/ system Cost/ system Cost trend 

or Capacity in 2006 in 2015 in 2006 in 2015 factor(CTF) 

SOLAR THERMAL 

Solar Thermal Domestic Hot Water Systems 200 Ipd $4 $2 $800 $400 $44 

Solar Thermal Hot Water Supply for Non Domestic Applications 2500 Ipd $4 $2 $10,000 $5,000 $556 

Solar Thermal Space Heating Systems 25 m2 $200 $150 $5,000 $3, 750 $139 

Solar Thermal Space Cooling Systems 25 m2 $200 $150 $5,000 $3, 750 $139 

Solar Dryers for Small Scale Agricultural Applications 200 m2 $150 $100 $30,000 $20,000 $1,111 

Industrial Process Heat 1000 m2 $100 $80 $100,000 $80,000 $2,222 

PHOTOVOLTAIC 

PV Village Electrification-SHS 50 Wp $7 $4 $350 $200 $17 

Solar lanterns for Touaregs 25 Wp $7 $4 $175 $100 $8 

PV Powered Pumping Systems for Urban Water Supply 100 Wp $7 $4 $700 $400 $33 

PV Health and Education Systems 500 Wp $7 $4 $3,500 $2,000 $167 

PV Pumping Systems 3 kWp $6,000 $3,000 $18,000 $9,000 $1,000 

PV Professional applications 5 kWp $7,000 $4,000 $35,000 $20,000 $1,667 
I 
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Table 29: The cost trend factor (continued) 

Application 
System 

Unit 
Cost / unit Cost / unit Cost/ system Cost/ system Cost linea.' 

Capacity in 2006 in 2015 in 2006 in 2015 Trend factor 

HYBRID CONFIGURA nONS 

PV-Diesel Hybrid Configurations 3 kWp $5000 $2000 $15000 $6000 $1000 

PV-Wind Hybrid Configurations 
2 kWp $5000 $3000 $10 000 $6000 $444 
3 

100 
PV-Wind Desalination System kWp $14000 $14000 $1400000 $1400000 $0 

500 

Integrated Solar Combined Cycle Plant 228 MW $1 200000 $1200000 $273600000 $273600000 $0 

HYDRO 

Micro Hydro Schemes 25 MW $800000 $700000 $20000000 $17500000 $277 778 

BIO-ENERGY 

Briquetting and Gasification 30 kW $800 $500 $24000 $15000 $1000 

Urban Solid Waste Projects 25 MW $800000 $500000 $20000000 $12500000 $833333 
• 

Biogas Systems (Small scale) 60 m3 $1800 $1500 $108000 $90000 $2000 

Biogas Systems (Large scale) 1000 m3 $1800 $1500 $1 800000 $1500000 $33333 

WIND 

Wind Farms (Grid tied) 1 MW $1000000 $700000 $1000000 $700000 $33333 

Wind Electric (Stand alone) 100 kW $1000 $700 $100000 $70000 $3333 
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Table 30 gives details of the annual cost trend per system for each of the renewable energy technologies over the 10 year plan period based on the 
cost trend factor. 

Table 30: Annual cost trend per system for the pilot projects 

Cost lineal' 
Application Tl'end 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

factol' 

SOLAR THERMAL 

Solar Thermal Space Cooling Systems $139 $5000 $4861 $4722 $4583 $4444 $4306 $4167 $4028 $3889 $3750 

Industrial Process Heat $2222 $100000 $97778 $95556 $93333 $91 III $88889 $86667 $84444 $82222 $80000 

PHOTOVOL TAlC 

PV Village Electrification-SHS $17 $350 $333 $317 $300 $283 $267 $250 $233 $217 $200 

Solar lanterns for Touaregs $8 $175 $167 $158 $150 $142 $133 $125 $117 $108 $100 

HYBRID CONFIGURATIONS 

PV-Oiesel Hybrid Configurations $1000 $15000 $14000 $13 000 $12000 $11000 $10 000 $9000 $8000 $7000 $6000 

PV-Wind Hybrid Configurations $444 $10 000 $9556 $9 III $8667 $8222 $7778 $7333 $6889 $6444 $6000 

BlO-ENERGY 

Briquetting and Gasification $1000 $24000 $23000 $22000 $21000 $20000 $19000 $18000 $17000 $16000 $15000 

Urban Solid Waste Projects $833333 $20000000 $19166667 $18333333 $17500000 $16666667 $15833333 $15000000 $14166667 $13333333 $12500000 

Biogas Systems (Small scale) $2000 $90000 $92000 $94000 $96000 $98000 $100000 $102000 $104000 $106000 $108000 

Biogas Systems (Large scale) $33333 $1 500000 $1 533333 $1566667 $1 600000 $1633333 $1666667 $1 700000 $1 733333 $1 766667 $1 800000 

WIND 

Wind Farms (Grid tied) $33333 $1000000 $966667 $933333 $900000 $866667 $833333 $800000 $766667 $733333 $700000 

Wind Electric (Stand alone) $3333 $100000 $96667 $93333 $90000 $86667 $83333 $80000 $76667 $73333 $70000 
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The proposed numbers of systems to be implemented (Table 33) and the time frame for the Pilot phase are given in Table 31. 

Table 31: Number of systems for the Pilot Projects 

Capacity/ Total No of 
Description system Unit 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Systems 

SOLAR THERMAL 
Solar Thermal Space Cooling Systems 

25 m2 
25 25 50 

Industrial Process Heat 
m2 

1000 5 15 20 

PHOTOVOL TAlC 
PV Village Electrification-SHS 

50 Wp 5000 5000 10000 
Solar lanterns for Touaregs 

25 Wp 200 300 500 

HYBRID CONFIGURATIONS 
PV-Diesel Hybrid Configurations 

3 kWp 5 5 10 
PV-Wind Hybrid Configurations 

2 kWp 3 5 5 7 10 30 

BIO-ENERGY 
Briquetting and Gasification 

30 kW 5 5 10 
Urban Solid Waste Projects 

25 MW 1 1 
Biogas Systems (Small scale) 

60 m3 
150 250 400 

Biogas Systems (Large scale) 
1000 m3 

3 5 8 

WIND 
Wind Farms (Grid tied) 

1 MW 5 5 
Wind Electric (Stand alone) 

100 kW 50 50 100 
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The costs required for implementing the pilot projects are given in Table 32. The annual cost is calculated by multiplying the number of systems 
for each renewable energy technology (Table 31) with the annual cost per system (Table 30). 

Table 32: Annual costs for the Pilot Projects 

System Unit of 
Total 

Application No of 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total Cost Capacity Capacity Systems 

SOLAR THERMAL 

Solar Thermal Space 
25 m2 50 $111 III $107639 $218750 Cooling Systems 

Industrial Process Heat 1000 m2 20 $466667 $1 366667 $1 833333 

PHOTOVOLTAIC 

PVViliage 
50 Wp 10000 $1 583333 $1 500000 $3083333 Electrification-SHS 

Solar lanterns for 
25 Wp 500 $31 667 $45000 $76667 Touaregs 

HYBRID CONFIGURA nONS 

PV-Diesel Hybrid 
3 kWp 10 $50000 $45000 $95000 Configurations 

PV-Wind Hybrid 2 kWp 30 $23333 $36667 $34444 $45 III $60000 $199556 Conf!aurations 

BIO-ENERGY 

Briquetting and 
30 kW 10 $90000 $85000 $175000 Gasification 

Urban Solid Waste 25 MW I $19166667 $19166667 Projects 
Biogas Systems 

60 m3 400 $15000000 $25500000 $40500000 (Small scale) 
Biogas Systems 

1000 m3 8 $5000000 $8500000 $13500000 (Large scale) 

WIND 

Wind Farms 
1 MW 5 $4833333 $4833333 (Grid tied) 

Wind Electric 
100 kW 100 $4666667 $4500000 $9166667 

(Stan<l_~!one) - -- -------'-- _ ... _-- -
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The number of systems, the implementation period (number of years) and the costs in (US$) 
for the Pilot projects have been estimated based on the international trends in donor assistance 
such as the World Bank (WB), the Asian Development Bank (ADB), Kreditanstant fur 
Wiederaufbau (KfW) and also based on the past involvement in renewable energy projects in 
Morocco (Resing, 2005) and India (itpi, 2005). The details of the pilot programme components 
and their specifications are summarised in Table 33. Each of the pilot projects is elaborated 
further at Appendix 3. 

Table 33: Pilot projects plan 

No Pilot Project Description of piloting Implementation Costs 
proposed Period (US$) 

1 Solar Thermal 50 pilot systems in commercial! 2010-2011 218,750 
Space cooling office spaces. 
systems 

2 Solar process 20 pilot systems in process 2009-2010 1,833,333 
heat for industries 
industries 

3 PV Village 10,000 unelectrified households 2009-2010 3,083,333 
electrification to be provided with 50 Wp Solar 

home systems each; 

4 Solar lanterns 500 households to be provided 2008-2009 76,667 
for T ouaregs with 25 Wp Solar lanterns 

5 PV-Diesel 10 PV -diesel hybrid systems to be 2011-2012 95,000 
hybrids deployed in selected locations 

6 PV-wind 30 PV-wind hybrid systems to be 2011-2015 199,556 
hybrids deployed at selected locations 

7 Briqueting and 10 briquetting cum-gasification 2012-2013 175,000 
gasification systems deployed in agro-

processing industries 

8 Urban solid 1 Pilot waste to energy plant in 2007-2007 19,166,667 
waste projects the city of Rabat 

9 Small scale Piloting of 400 small family size 2011-2012 40,500,000 
biogas systems biogas systems 

10 Institutional 8 large scale biogas systems 2011-2012 13,500,000 
biogas systems implemented in government cattle 

farms 

11 Grid 5 MW of grid connected WEGs 2007-2007 4,833,333 
connected piloted 
wind electric 
generation 

12 Stand-alone 10 MW of off-grid WEGs piloted 2008-2009 9,166,667 
wind electric 

TOTAL 92,848,306 
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Several pilot projects have been proposed with the aim that they help to establish a track 
record in Morocco for building investor and developer confidence to undertake commercial 
developments. 12 renewable energy pilot projects have been proposed under the RE plan. 
Financial resources required to implement the pilot projects are estimated at US$ 93 million. 
Bio-energy technologies that have had a limited track record in Morocco will be the major 
component in the pilot projects, followed by wind energy (Figure 23). These two take up 
79% and 15% share respectively of the resources required. The pilot projects are to be 
implemented over the period 2007 trough 2015. 

Wind 
15% 

Figure 23: Pilot projects 

Bioenergy 
79% 

The key features of the pilot project being proposed under the renewable energy plan are: 

o Pilot projects involving 12 renewable energy technologies, are proposed. The resources 
that will be required to pilot these technologies will be about US$ 93 million over the 10 
year period of the plan. 

o Bioenergy technologies, which have not had a significant track record in Morocco so far, 
will require the major share of the pilot project resources, followed by wind electric 
generation and solar energy. 

o The pilot projects begin in 2007 and are completed by 2015, there are technologies which 
start as late as 2012 and that are completed as early as 2007 

o Several of the projects which are piloted such as the wind electric generation, waste-to 
energy plants and hybrid systems are expected to lead to large scale commercial 
developments in the bankable stage during the 10 year plan period 
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8.3.4. Bankable projects 

Over time, several renewable energy technologies and applications will mature to the stage of 
being appropriate for further growth and development in a quasi or fully commercial 
framework. These are classified as Bankable Projects. At this stage little or no financial 
grants or subsidies are necessary to encourage market expansion. During this commercial or 
near commercial stage the market development is generally driven by the industry as opposed 
to the government in the RD&D and pilot stages. Government still plays an enabling role at 
this stage by way of fiscal and financial incentives and policies to encourage market 
development in renewable energy. 

As for the pilot projects the cost trends for each of the renewable energy technologies for the 
bankable projects were projected over the 10 year plan period. The projections were made 
based on existing global trends in the respective technologies (REW, 2002); (ITPI, 2005); 
(REPN, 2005). The cost estimation for implementing the bankable projects were based on the 
cost trend factor (CTF) calculated previously in Table 29: The cost trend factor. 
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Table 34 gives details of the annual cost per system for each of the renewable energy technologies of the bankable projects over the 10 year plan 
period based on the cost trend factor (Table 29). 

Table 34: Annual cost per system of the bankable projects 

Cost 

Application 
linear 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Trend 
factor 

SOLAR THERMAL 

Solar Thermal Space Heating 
Systems 

$139 $5,000 $4,861 $4,722 $4,583 $4,444 $4,306 $4,167 $4,028 $3,889 $3,750 
Solar Thel'mal Space Cooling 
Systems 

$139 $5,000 $4,861 $4,722 $4,583 $4,444 $4,306 $4,167 $4,028 $3,889 $3,750 
Solar Thermal Domestic Hot 
Water Systems 

$44 $800 $756 $711 $667 $622 $578 $533 $489 $444 $400 
Solar Thermal Hot Water 
Supply for Non Domestic 
Applications 

$556 $10,000 $9,444 $8,889 $8,333 $7,778 $7,222 $6,667 $6,111 $5,556 $5,000 
Solar Dryers for Small Scale 
Agricultural Applications 

$1,111 $30,000 $28,889 $27,778 $26,667 $25,556 $24,444 $23,333 $22,222 $21,111 $20,000 

Industrial Process Heat $2,222 $100,000 $97,778 $95,556 $93,333 $91,111 $88,889 $86,667 $84,444 $82,222 $80,000 

PHOTO VOL TAlC 

PV Village Electrification-SHS $17 $350 $333 $317 $300 $283 $267 $250 $233 $217 $200 

Solar lanterns fOl'Touaregs $8 $175 $167 $158 $150 $142 $133 $125 $117 $108 $100 
PV Powered Pumping Systems 
for Urban Water Supply $33 $700 $667 $633 $600 $567 $533 $500 $467 $433 $400 
PV Health and Education 
Systems $167 $3,500 $3,333 $3,167 $3,000 $2,833 $2,667 $2,500 $2,333 $2,167 $2,000 

PV Pumping Systems $1,000 $18,000 $17,000 $16,000 $15,000 $14,000 $13,000 $12,000 $11,000 $10,000 $9,000 
PV Professional applications 

$1,667 
--

$35,~ $33,333 $31 ,667_ ~30,000 ~8,333 $26,667 $25,000 $23,333 $21,667 $20,000 
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Table 34 : Annual cost per s stem 0 f the bankabl (conf d) - P.- - ---- ,------------/ 

Cost 

Application 
Iineat' 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Trend 
factor 

HYBRID CONFIG1JRA nONS 

PV-Diesel Hybrid 
Confignrations 

$1,000 $15,000 $14,000 $13,000 $12,000 $11,000 $10,000 $9,000 $8,000 $7,000 $6,000 
Integrated Solar Combined 
Cycle Plant (in Million) 

$0 $273.6 $273.6 $273.6 $273.6 $273.6 $273.6 $273.6 $273.6 $273.6 $273,600,000 

HYDRO 

Micro Hydro Schemes 
$277,778 $20,000,000 $19,722,222 $19,444,444 $19,166,667 $18,888,889 $18,611,111 $18,333,333 $18,055,556 $17,777,778 $17,500,000 

BlO-ENERGY 

Urban Solid Waste Projects 
$833,333 $20,000,000 $19,166,667 $18,333,333 $17,500,000 $16,666,667 $15,833,333 $15,000,000 $14,166,667 $13,333,333 $12,500,000 

Biogas Systems (Small scale) 
$2,000 $90,000 $92,000 $94,000 $96,000 $98,000 $100,000 $102,000 $104,000 $106,000 $108,000 

Biogas Systems (Large scale) $33,333 $1,500,000 $1,533,333 $1,566,667 $1,600,000 $1,633,333 $1,666,667 $1,700,000 $1,733,333 $1,766,667 $1,800,000 

WIND 

Wind Fat'ms (Grid tied) 
$33,333 $1,000,000 $966,667 $933,333 $900,000 $866,667 $833,333 $800,000 $766,667 $733,333 $700,000 

Wind Electric (Stand alone) 
$3,333 $100,000 $96,667 $93,333 $90,000 $86,667 $83,333 $80,000 $76,667 $73,333 $70,000 
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The proposed number of systems to be implemented (Table 37) annually and the time frame for the Bankable projects are given in Table 35. 

Table 35: Number of systems for the bankable projects 

Capacity Total No of 
Description I system Unit 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 systems 

SOLAR THERMAL 
Solar Thermal Space Heating Systems 25 m2 

100 300 500 700 1,600 
Solar Thermal Space Cooling Systems 25 m2 

25 300 475 750 1,550 
Solar Thermal Domestic Hot Water Systems 200 Ipd 500 1,500 8,000 40,000 50,000 80,000 120,000 300,000 
Solar Thermal Hot Water Supply for Non 
Domestic Applications 2500 Ipd 50 100 200 450 800 
Solar Dryers for Small Scale Agricultural 

m2 
Applications 200 5 10 20 30 35 100 
Industrial Process Heat 1000 m2 

55 100 150 200 225 730 
PHOTOVOLTAIC 

PV Village Electrification-SHS 
50 Wp 10,000 20,000 25,000 40,000 45,000 50,000 190,000 

Solar lanterns for Touaregs 25 Wp 800 1,200 1,500 2,000 2,000 2,000 9,500 
PV Powered Pumping Systems for Urban 
Water Supply 100 Wp 20 35 45 100 
PV Health and Education Systems 500 Wp 25 50 50 75 75 100 125 500 
PV Pumping Systems 3 kWp 35 70 130 130 135 500 
PV Professional applications 5 kWp 5 10 20 20 20 25 100 

HYBRID CONFIGURA nONS 

PV-Diesel Hybrid Configurations 3 kWp 5 10 25 40 
Integrated Solar Combined Cycle Plant 228 MW I I I 

HYDRO 
Micro Hydro Schemes 25 MW I I 2 

BlO-ENERGY 
Urban Solid Waste Projects 

• 25 MW I I I 3 
Biogas Systems (Small scale) 60 m3 

500 700 700 1,900 
Biogas Systems (Large scale) 1000 mj 

7 10 10 27 

WIND 

Wind Farms (Grid tied) I MW 65 75 100 125 130 150 150 200 995 
Wind Electric (Stand alone) I 100 I kW I I I I I 50 I 100 I 150 I 200 I 200 I 200 I 900 
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The costs required for implementing the bankable projects are given in Table 36. The annual cost is calculated by multiplying the number of 
systems for each renewable energy technology (Table 35) with the annual cost per system (Table 34). 

Table 36: Annual costs for the Bankable projects 

Description 
Total No of 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total Cost Systems 

SOLAR THERMAL 

Solar Thermal Space 
Heating Systems 

1,600 $416,667 $1,208,333 $1,944,444 $2,625,000 $6,194,444 
Solar Thermal Space 
Cooling Systems 

1,550 $104,167 $1,208,333 $1,847,222 $2,812,500 $5,972,222 
Solar Thermal 
Domestic Hot Water 
Systems 300,000 $333,333 $933,333 $4,622,222 $21,333,333 $24,444,444 $35,555,556 $48,000,000 $135,222,222 
Solar Thermal Hot 
Water Supply for 
Non Domestic 
Applications 

800 $333,333 $611,111 $1,l11,111 $2,250,000 $4,305,556 
Solar Dryers for 
Small Scale 
Agricultural 
Applications 100 $122,222 $233,333 $444,444 $633,333 $700,000 $2,133,333 
Industrial Process 
Heat 730 $4,888,889 $8,666,667 $12,666,667 $16,444,444 $18,000,000 $60,666,667 

PHOTOVOL TAlC 

PVViliage 
Electrification-SHS 190,000 $2,833,333 $5,333,333 $6,250,000 $9,333,333 $9,750,000 $10,000,000 $43,500,000 
Solar lanterns for 
Touaregs 9,500 $113,333 $160,000 $187,500 $233,333 $216,667 $200,000 $1,110,833 
PV Powered 
Pumping Systems 
for Urban Water 
Supply 100 $9,333 $15,167 $18,000 $42,500 
PV Health and 
Education Systems 500 $75,000 $141,667 $133,333 $187,500 $175,000 $216,667 $250,000 $1,179,167 
PV Pumping 
Systems 500 $455,000 $840,000 $1,430,000 $1,300,000 $1,215,000 $5,240,000 
PV Professional 
applications 100 $141,667 $266,667 $500,000 $466,667 $433,333 $500,000 $2,308,333 
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Table 36: A - -_.- -- - -. - ----- --- - ts for the Bankabl - - --- - - - Ie . ts(conf Jro.lec d) , 

Description Total No of 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total Cost Systems 

HYBRID CONFIGURATIONS 

PV-Diesel Hybrid 
Configurations 

40 $40,000 $70,000 $150,000 $260,000 
Integrated Solar 
Combined Cycle 
Plant 

1 $273,600,000 $273,600,000 

HYDRO 

Micro Hydro 
Schemes 

2 $18,611,111 $18,333,333 $36,944,444 

BIO-ENERGY 

Urban Solid Waste I 

Projects 
3 $15,833,333 $14,166,667 $12,500,000 $42,500,000 

Biogas Systems 
(Small scale) 

1,900 $52,000,000 $74,200,000 $75,600,000 $201,800,000 
Biogas Systems 
(Large scale) 

27 $12,133,333 $17,666,667 $18,000,000 $47,800,000 

WIND 

Wind Farms (Grid 
tied) 

995 $60,666,667 $67,500,000 $86,666,667 $104,166,667 $104,000,000 $115,000,000 $110,000,000 $140,000,000 $788,000,000 
Wind Electric (Stand 
alone) 

900 
---

$4,333,333 ~8,333,333 $12,000,000 $15,333,333 $14,666,667 $14,000,000 $68,666,667 
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The number of systems, the implementation period (number of years) and the costs in (US$) 
for the Bankable projects have been estimated based on the international trends in donor 
assistance such as the World Bank (WB), the Asian Development Bank (ADB), Kreditanstant 
fUr Wiederaufbau (KfW) and private sector development and also based on the past 
involvement in renewable energy projects in Morocco (Resing, 2005) and India (itpi, 2005). 
The details of the bankable projects and their specifications are summarised in Table 37 

Table 37: Bankable projects plan 

No Bankable Project Description of commercial Start Costs (US$) 
developments proposed year 

1 Solar Thermal Space 1600 systems in new buildings 2012 6,194,444 
heating systems 

2 Solar Thermal Space 1550 systems in hotels offices large 2012 5,972,222 
cooling systems houses 

3 Solar Domestic Hot 300,000 systems in houses and 2009 135,222,222 
Water Systems apartment blocks 

4 Solar Non-Domestic 800 systems in the commercial 2012 4,305,556 
Hot Water Systems sector and light industries 

5 Solar Dryers 100 systems in agro-processing 2011 2,133,333 
industries 

6 Industrial process heat 730 systems in process industries 2011 60,666,667 

7 PV Village 190,000 solar home systems for 2010 43,500,000 
electrification households; 

8 Solar lanterns for 9500 Bedouin households to be 2010 1,110,833 
Touaregs provided with SHS 

9 PV powered pumping 100 systems for urban water supply 2013 42,500 
systems for urban 
water supply 

10 PV health and 500 health and education systems 2009 1,179,167 
education systems 

11 PV pumping systems 500 systems for micro-irrigation 2011 5,240,000 

12 PV professional 25 drinking water systems, 200 2010 2,308,333 
applications street lighting systems, 100 power 

packs, 5 grid feeder systems, 150 
banking and IT systems and 10 
telecom systems 

13 PV-Diesel hybrids 40 PV -diesel hybrid systems 2013 260,000 

14 Integrated Solar Integrated solar field of 30-40 2012 273,600,000 
Combined Cycle MWe in a gas combined cycle 
Power Plant power plant totalling 228 MW 

15 Hydro power projects Small hydro developments totalling 2011 36,944,444 
20 MW and 25 canal drop schemes 
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Table 37: Bankable projects (continued) 

No Bankable Project Description of commercial Start Costs (US$) 
developments proposed year 

16 Urban solid waste 3 projects possibly in Rabat, 2008 42,500,000 
projects Casablanca and Agadir 

17 Small scale biogas 1,900 small biogas systems in 2013 201,800,000 
systems farms and households 

18 Institutional biogas 27 large biogas systems in 2013 47,800,000 
systems government farms 

19 Wind farms 995 MW of grid connected wind 2008 788,000,000 
farms 

20 Stand alone wind 90 MW of off-grid WEGs 2010 68,666,667 
electric generation 

TOTAL 1,727,446,389 

During the plan period, several bankable projects are envisaged as cost-effectiveness of 
technologies improves and as they attain commercial readiness in Morocco. Developers and 
investors as well as industry are expected to drive the development of these bankable 
projects. 20 projects have been identified under this category requiring a total investment of 
US$ 1.73 billion to implement. The specific technologies, which will drive these commercial 
developments, would be wind electric generation, solar systems and bio-energy (Figure 24). 

Solar 
16% 

Hybrid 
16% 

Bioenergy 
17% 

Hydro 
2% 

Figure 24: Bankable projects 

Wind 
49% 

Key features of the bankable projects being proposed under the Renewable Energy Plan are: 

o It is envisaged that 20 renewable energy technologies/ systems reach a commercial/quasi 
commercial stage during the 10 year plan period. The resources that will be required to 
finance the commercial development of these technologies will be about US$ 1.73 billion 
over the 1 O-year period of the plan. 
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o Wind energy technologies and bioenergy technologies will require the major share of the 
resources required for bankable projects, these are followed by solar energy and hybrid 
systems. This is shown in Figure 25 

Millions USD 

$900 

$800 

$700 

$600 

$500 

$400 

Wind Bioenergy Solar Hybrid Hydro 

Figure 25: Share of resources: bankable projects 

o The earliest of the bankable projects start in 2011 and the latest in 20l3, the bankable 
phases continue beyond the Renewable Energy plan horizon; 

o The key technologies, which will drive the commercial developments, will be wind 
electric generation, solar hot water systems and biogas systems. Other technologies will 
make a relatively low contribution. 

o The bankable projects that account for the commercial development is expected to start 
during the renewable energy plan period but the developments will continue well beyond 
the 10 year plan horizon. 

Table 38 provides a summary of the three main elements of the 10 year plan .. 

Table 38: Energy development plan summary 

RD&D Pilot Projects Bankable projects 

Resources Required (US$) 9.55 million 93 million 1.73 billion 

Components 18 12 20 

Period 2006-2015 2007-2015 2007 onwards 

Major technologies Solar and Hybrids Bioenergy and Wind, Bioenergy 
Wind and Solar 
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8.3.5. Physical achievements and energy contribution 

If the plan as proposed is fully implemented, the resulting additions physical size (or capacity) 
to generate heat and power from renewables would be significant. The rollout plan of the size 
(or capacity) for various renewable energy systems under the renewable energy plan is given in 
Table 39. 

The size (or capacity) that will be realised is calculated by multiplying the proposed number of 
systems for the pilot projects (Table 31) and bankable projects (Table 35) with the size (or 
capacity) per system using the respective renewable energy technologies (Table 24). 
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Table 39: Rollout plan for energy developments 

No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

1 Solar Thermal Space 2,500 7,500 12,500 17,500 40,000 

Heating Systems 

(Collector area in m2 
) 

2 Solar Thermal Space 625 625 625 7,500 11,875 18,750 40,000 

Cooling Systems 

(Collector area in m2 
) 

3 Solar thermal domestic 1000 3000 16,000 80,000 100,000 160,000 240,000 600,000 

Hot Water Systems 

(Collector area in m2 
) 

4 Solar Hot Water 1,250 2,500 5,000 11,250 20,000 

Systems for Non 
Domestic Applications 

(Collector area in m2 
) 

5 Solar dryers for 1000 2000 4000 6000 7000 20,000 

agriculture 

(Collector area in m2
) 

6 Industrial Process Heat 5000 15,000 55,000 100,000 150,000 200,000 225,000 750,000 

through Solar Thermal 

(Collector area in m2
) 

7 PV Village 250 250 500 1,000 1,250 2,000 2,250 2,500 10,000 

electrification systems 
(kWp) 
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Table 39: Rollout plan for energy developments (continued) 

8 Solar lanterns for 5 8 20 30 38 50 50 50 250 
Touaregs (kWp) 

9 PV Pumping Systems 2 3.5 4.5 10 
for urban water supply 
(kWp) 

10 PV health & education 12.5 25 25 37.5 37.5 50 62.5 250 
systems (kWp) 

11 PV pumping systems 105 210 390 390 405 1500 
(kWp) 

12 PV systems for non 25 50 100 100 100 125 500 
domestic use (kWp) 

13 PV -Diesel Hybrid 15.00 15.00 15.00 30.00 75.00 150 
Systems (kW) 

14 PV -Wind Hybrid 6.00 10.00 10.00 14.00 20.00 60 
systems (k W) 

15 PV -Wind Desalination 0.00 0.00 100.00 0.00 0.00 100 
system (kW) 

16 Integrated Solar 228 228 
Combined Cycle Power 
Plant (MW) 

17 Micro Hydro power 25 25 50 
(MW) 

18 Gasification plants with 150 150 300 
briquetting (k W) 

- -----
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Table 39: Rollout plan for energy developments (continued) 

19 Urban waste to energy 25 25 25 25 100 
plants (MW) 

20 Small scale Biogas 
systems (m3 of digester 

9,000 15,000 30,000 42,000 42,000 138,000 

volume) 

21 Large scale Biogas 3,000 5,000 7,000 10,000 10,000 35,000 
systems (m3 of digester 
volume) 

22 Grid connected Wind 5 65 75 100 125 130 150 150 200 1000 
farms (MW) 

23 Stand alone Wind 5 5 5 10 15 20 20 20 100 
electric generation 
(MW) 

-- ---
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The share of renewable energy contribution to the primary energy during the 10 year plan is 
calculated by multiplying the size (or capacity) of each renewable energy systems (Table 39) 
by the Annual Energy Conversion Factors (AECFs). 

Table 40 indicates the annual energy delivery in MWh for the identified renewable energy 
technologies based on the given power rating and the power to annual energy conversion 
factor. 

Table 40: Energy Conversion factor of RE technologies under Moroccan conditions 

(Source: Resing, 2005; Itpi, 2005) 

Description Annual Energy Conversion Factor 
Solar Photovoltaic (SPV) lkWp = 1.9 MWh 

Solar Hot Water 1lpd = 0.008 MWh 
Solar Space Heating & Cooling 1 mL = 0.19 MWh 

Solar Dryer 1 mL = O.SS MWh 
Solar Industrial Process heat 1 mL = 0.20 MWh 

Wind 1 kW = 2.5 MWh 
Hydro 1 kW = 2.76 MWh 
Biogas 1 mj = S.30 MWh 

Biomass - 1 kW = 4.38 MWh 
Briquetting (Wood) & Gasification 

The Annual Energy Conversion Factors were estimated based on the past involvement in 
renewable energy projects in Morocco (Resing, 200S), (Pvmti, 200S) and India (Itpi, 200S), 
(Mnes, 200S). 

Eg: Solar Thermal Space Heating Systems 

The annual energy contribution of the Solar Thermal Space Heating (STSH) systems is 
calculated by multiplying the collector area installed annually with the Annual Energy 
Conversion Factor. 

STSH systems Reference 2012 2013 2014 2015 Total 

Collector area in mL Table 39 2,SOO 7,SOO 12,SOO 17,SOO 40,000 

Annual Energy Conversion Table 40 0.19 0.19 0.19 0.19 0.19 
Factor (MWh) 

Energy Contribution 
(GWh/year) O.S 1.4 2.4 3.4 8 
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The annual energy rollout plan contribution for each renewable technology technology is given in Table 41. 

Table 41: Annual energy contribution by renewable energy technologies (GWhl Year) 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Solar Thermal 

Solar Thermal Space Heating Systems 0.5 1.4 2.4 3.4 8 
Solar Thermal Space Cooling Systems 0.1 0.1 0.1 1.4 2.3 3.6 8 
Solar Thermal Domestic Hot Water Systems 0.8 2.4 12.8 64.0 80.0 128.0 192.0 480 
Solar Thermal Hot Water Supply for Non Domestic 
Applications 1.0 2.0 4.0 9.0 16 
Solar Dryers for Small Scale Agricultural Applications 0.5 1.1 2.2 3.3 3.8 11 

Industrial Process Heat 1.0 3.0 11.0 20.0 30.0 40.0 45.0 150 
Total Solar Thermal 1.8 5.5 24.5 86.7 117.1 180.0 256.8 672 

Photovoltaic 
PV Village Electrification-SHS 0.5 0.5 1.0 1.9 2.4 3.9 4.3 4.8 19 
Solar lanterns for Touaregs 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.5 
PV Powered Pumping Systems for Urban Water Supply 0.0 0.0 0.0 0.02 
PV Health and Education Systems 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.5 
PV Pumping Systems 0.2 0.4 0.8 0.8 0.8 3 
PV Professional applications 0.0 0.1 0.2 0.2 0.2 0.2 1 

Total PV 0.5 0.5 1.1 2.3 3.2 5.0 5.5 6.1 24 

Hybrid Systems 

PV -Diesel Hybrid Configurations 0.0 0.0 0.0 0.1 0.1 0.3 
PV -Wind Hybrid Configurations 0.0 0.1 0.1 0.1 0.1 0.3 
PV -Wind Desalination System 1.5 1 
Integrated Solar Combined Cycle Plant 219.7 220 

Total Hybrid 0.1 219.8 1.5 0.1 0.3 222 
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Table 41: Annual energy contribution by renewable energy technologies (GWh/ Year) -Continued 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Hydro 
Micro Hydro Schemes 69.1 69.1 138 

Total Hydro 69.1 69.1 138 

Bio 
Briquetting and Gasification 0.7 0.7 1 
Urban Solid Waste Projects 31.9 31.9 31.9 31.9 128 
Biogas Systems (Small scale) 47.7 79.5 159.0 222.6 222.6 731 
Biogas Systems (Large scale) 15.9 26.5 37.1 53.0 53.0 186 

Total BIO 31.9 95.5 106.7 228.7 275.6 307.5 1046 

Wind 
Wind Farms (Grid tied) 12.7 165.1 190.5 254.0 317.6 330.3 381.1 381.1 508.1 2540 
Wind Electric (Stand alone) 12.7 12.7 12.7 25.4 38.1 50.8 50.8 50.8 254 

Total Wind 12.7 177.8 203.2 266.7 343.0 368.4 431.9 431.9 558.9 2794 

1--- TOTAL 1 1 44.6 1178.3 1 205.6 1273.4 1 534.4 1 853.7 1 784.2 1 893.1 11129.5 1 4897 1 
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Such physical achievements in heat and power generation capacity through renewable energy 
technologies will result in about 4897 GWh (or 421 Ktoe) contribution to the primary energy 
demand in 2015. Such a contribution will represent 2.48% of the primary energy demand in 
2015. 

Table 42 gives the estimated primary energy consumption (IEA, 2005) and the annual RE 
contribution for Morocco from 2006 to 2015. The RE contribution in GWh is the cumulative 
contribution from renewable energy technologies (Table 41). 

Table 42: Primary Energy consumption & RE contribution for Morocco 

Year Primary Energy RE Contribution RE Contribution RE Contribution 
consumption (Mtoe) (GWh) (Ktoe) 5 % 

(Source :IEA, 2005) 

2006 12.5 0 0 0.00% 

2007 13 45 4 0.03% 

2008 13.5 223 19 0.14% 

2009 14 429 37 0.26% 

2010 14.5 702 60 0.42% 

2011 15 1236 106 0.71% 

2012 15.5 2090 180 1.16% 

2013 16 2874 247 1.54% 

2014 16.5 3767 324 1.96% 

2015 17 4897 421 2.48% 

The contribution to primary energy demand from renewable energy sources in 2015 is shown 
in Figure 26. 
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Figure 26: Contribution to primary energy from renewable energy sources 

5 1 GWh = 0.086 Ktoe 
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Also shown in Figure 27 is the contribution by different renewable energy sources in 2015 
and it can be seen that the major contribution is made by wind energy sources (57%) 
followed by bio-energy (21 %) and solar thermal energy (14%). 
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Figure 27: Share of renewable energy contribution in year 2015 

The Figure 28 shows the increase in contribution by the renewable energy sources in ktoe 
during the 10 year plan period against the backdrop of the projected increase III pnmary 
energy consumption from 2006 to 2015. 
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Figure 28: Annual contribution by renewable energy to primary energy 
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8.4. Accompanying measures 

The accompanying measures consist of activities that are required to put in place institutions, 
mechanisms as well as generate information and build capacity to facilitate the renewable 
energy developments during the 10 year plan period and beyond. This will involve building 
the necessary institutional and human resources capacity studies and data collection, 
information campaigns and creation of public awareness. The proposed accompanying 
measures become crucial if accelerated development of renewable energy is to be 
accomplished in Morocco. The accompanying measures that are being proposed can be 
classified into three: 

o Studies are required to identify markets, evaluate feasibility of options proposed, 
development of strategies and programmes as well as establishment of policy and 
incentive structures. These studies will cover areas such as policy, institutional/financing 
issues, capacity building, solar thermal, PV, Hybrid systems, bioenergy, hydro, geothermal 
and sectoral studies. 

o Capacity building and promotion: These activities result in human resource 
development as well as expositions, advertisement and publicity campaigns. This will 
cover training, international conferences, advertisement and publicity campaigns and trade 
fairs 

o Institution building activities: These activities result in establishment of new institutions 
to co-ordinate, finance, build capacity and represent stakeholder interests as well as 
upgrading the existing institutional structures relevant to the renewable energy 
developments. The institutional development involves the establishment of two new 
institutions: 

1. Apex body, which will be the co-ordinating and management body for the renewable 
energy and other sustainable energy initiatives in Morocco. The Apex body will be 
chaired by the Minister of Energy & Mining. 

2. Moroccan Renewable Energy Industries Association (MREIA) it is recommended that 
this Association be established as an industry lobby and as the apex renewable energy 
industry organisation. 

Upgrading the Moroccan educational system, meteorological stations network and a quality 
assurance framework will also be required. Working committees and forum will also be 
established to assist the process of renewable energy developments. The training, capacity 
building, dissemination activities will involve long time frames but will require only 
significantly smaller amount of resources. The studies will require only smaller timeframes and 
resources. Each of these types of accompanying measures is elaborated in the following sub 
sections. 

o Quality assurance system. A division in CDER responsible for renewable energy 
standardisation and harmonisation of standards will be created. 

o Higher education system for renewable energy will need to cope up with the increased 
demand for technicians, engineers and managers and would need to upgrade educational 
facilities and recruit more teachers. 

o Energy meteorological framework, the capacity of the meteorological department to 
collect and process wind, solar, precipitation and bio-energy resources will be enhanced 
through provision of instrumentation and data processing equipment. 
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Table 43 shows the time plan for the three types of accompanying measures. 

Table 43: Accompanying measures plan 

2012 I 2013 I 2014 I 2015 

2006 2010 

2006 2008 

2006 2007 

2006 2011 

2006 2006 

2006 2008 

2006 2009 

2006 2007 

2006 2007 

Institution Building 2008 2010 

Establishment of Network of Energy Meteorological 
Stations and data processing framework 2008 2010 

& Promotion 2006 2015 

)grammes and 
2006 2015 

2006 2015 

2006 2007 

2007 2007 

2007 2007 
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8.4.1. Studies undertaken 

Market research, feasibility evaluation and business/Investment planning are also in integral 
parts of the development process. Such studies make available technical, market and business 
related data, required to establish detailed projections, solicit investment capital and make 
business plans. There is also a need to develop strategies and programmatic approaches to 
implement the plan and studies to identify the appropriate policy options as well as institutional 
solutions to be implemented. Several of such studies and options have been identified within 
the context of the 10 year plan and are presented here. 

The studies that are recommended can be broadly classified as nine: 

o Policy studies looking at renewable energy policies, regulatory stimulus, duties and 
tariffs, investment promotion taxation for financing renewable energy development and 
grid related issues; 

o Institutional/financing studies looking at institutional models for service delivery and 
institutional/financial mechanisms for renewable energy development; 

o Capacity building studies which look at resource assessments, Human Resource 
Development and quality assurance; 

o Solar Thermal studies: These studies involve, market research of heating and cooling, 
hot water and steam systems as well as dryers; 

o PV studies consisting of a rural electrification study as well as market studies on 
professional and water pumping applications of PV; 

o Hybrid system studies will look at the scope for PV, wind and diesel hybrids and 
evaluate the feasibility of a PV -wind desalination plant; 

o Bio-energy studies to examine the scope for briquetting-cum-gasification systems and 
family/institutional biogas systems; 

o Social -sectoral studies to examine the possibilities for application of renewable energy in 
the health and education sectors; 

o Studies on other renewable energy sources include studies to determine the techno
economic attractiveness for Tidal, wave, hydro, geothermal energy sources and policy to 
attract private sector investments into wind energy; 

The Level of effort (LoE) in months for all the activities of the accompanying measures which 
are proposed under the renewable energy plan is given in Table 44. The charge rates for 
international consultants and national consultants are assumed to be US$1 0,000 and US$2,000 
per month respectively. 85% of the LoE will be covered by the National consultant and 15% 
by the international consultant. The LoE, the implementation period, and the costs in (US$) 
have been estimated based on the international trends in donor assistance such as the W orId 
Bank (WB), the Asian Development Bank (ADB), Kreditanstant fUr Wiederaufbau (KfW) and 
private sector development and also based on the past involvement in renewable energy 
projects in Morocco (Resing, 2005) and India (Itpi, 2005); 
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Table 44: LoE and budget for the Accompanying measures 

Level of Effort in 
Level of Effort in months National International months for National 

Consultants 
for International Consultant Consultant 

Description Consultants Budget (USD) Budget (USD) 

(85 % per month) 
(15% per month) (US$10,OOO) (US$2,OOO) 

STUDIES 

Solar Thermal Studies 

Market Research on Solar Thermal Heating and Cooling Systems; 6 6 10200 9000 
Market Research on Solar Hot Water and Steam Systems-
domestic, commercial and industrial; 8 8 13600 12000 
Market Research and Design Development on use of Solar Dryers 
in Agriculture; 3 3 5100 4500 

PV Studies 
Study on Rural electrification tlu'ough PV - Villages and nomadic 
communities; 4 4 6800 6000 

Market Study for Professional Applications in Photovoltaics; 15 15 25500 22500 
Market study for application of PV pumping in the Urban and 
Agricultural sector in Morocco 7 7 11900 10500 

Hybrid System Studies 
Study and Market Assessment on Hybrid Systems in the Moroccan 
context, PV, Wind and Diesel; 6 6 10200 9000 

Feasibility study for the wind-PV desalination plant; 5 5 8500 7500 

Other Renewable Energy studies 
Assessment of Tidal, Wave & geothermal energy potential in 

300000 
Morocco 

Reassessment of Hydro power Resources 6 3 12,000 30000 
Development of strategy for attracting private sector investments 
into Moroccan Wind sector; 

3 3 5100 4500 
--- -- ---
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Social sectoral Studies 
Scoping study for application of Renewable energy in the Health 
sector; 1 1 1700 1500 
Scoping study for Application of Renewable Energy in the 
Education Sector 1 1 1700 1500 

Bio Energy Studies 
Study on application on briquetting and gasification of agro-
residues in Morocco; 12 12 20400 18000 I 
Market study for family and institutional biogas plants in 

I Morocco; 10 10 17000 15000 
Policy Studies 

Renewable Energy Policy study involving best practices in other 
18 4 36,000 40,000 countries and application in Moroccan context. 

Study and recommendation on duties and tariff revisions to 
4 4 8,000 40,000 promote renewable energy. 

Study and Development of a investment promotion policy with 
4 4 8,000 40,000 fiscal and financial incentives for renewable energy. 

Study and recommendation on regulatory and market stimulants to 10 - 20,000 -
accelerate solar thermal systems market development in Morocco. 
Study on techno-business issues of grid interfacing and power 

10 4 20,000 40,000 
purchase from renewables; 
Establishment of a taxation/trading mechanisms for financing 

2 - 4,000 -renewable energy development; 

Institutional/Financin-.K Studies 
Study on Financing and institutional mechanisms for renewable 

2 3 4,000 30,000 energy development; 
Study and development of service delivery models for rural 

4 4 8,000 40,000 
electrification. 

Capacity BuildiJ!g Studies 
Development of a National Renewable Energy Resource 

3 - 30,000 -
Assessment Programme. 
Study on quality assurance, standardisation and testing for 

5 4 10,000 40,000 
renewable energy systems. 

Strategy development for HRD in renewable energy; 6 2 12,000 20,000 
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Table 44: L - -_. - -- d bud!!et fl - .......... _ .. ---- ............ p ............ ,... ---- ..... ...,. ...... _ .... \._ ..... -..-- ....... _""',1 

INSTITUTION BUILDING 
Establishment of Network of Energy Meteorological Stations and - 4 6,800 6,000 data processing framework 

CAPACITY BUILDING & PROMOTION 
Attend international training programmes and specialised 

12 24,000 
workshops 

-

Adveltisement and publicity campaigns 50 50 85,000 75,000 

Training in renewable energy planning 2 2 3,400 3,000 

Training Programmes for NGOs 3 3 5,100 4,500 

Entrepreneurship Development Training Programmes 5 5 8,500 7,500 
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The details of all the studies as well as the study period and total cost which are proposed 
under the renewable energy plan is summarised in Table 45. The detailed LoE and Costs are 
shown in Table 44. 

Table 45: Plan for studies to facilitate renewable energy plan 

No Study Study Period Costs 
(US$) 

1 Market Research on Solar Thermal Heating and 2006 19,200 
Cooling Systems 

2 Market Research on application of Solar Hot Water 2006-2008 25,600 
and Steam in the commercial, industrial and domestic 
sector 

3 Market Research and Product Development of Solar 2007 9,600 
Dryers for Agricultural use 

4 Study on Rural electrification of villages and nomadic 2006 12800 
communities through PV 

5 Market Study for Professional Applications in 2006-2008 48,000 
Photovoltaics 

6 Study of the urban domestic supply and agricultural 2007 22,400 
markets for PV Pumping 

7 Study and Market Assessment of Wind, PV and Diesel 2007 19,200 
Hybrid Systems 

8 Feasibility Study for Wind-PV desalination plant 2007 16,000 

9 Assessment of Tidal, Wave & Geothermal Energy 2006-2011 300,000 
Potential 

10 Assessment of Small and Canal Drop Hydro Power 2006-2007 42,000 
schemes 

11 Strategy development to attract private sector 2006-2007 9,600 
resources for wind energy development 

12 Scoping study for application of renewable energy in 2006 3,200 
the health sector 

13 Scoping study for application of renewable energy in 2006 3,200 
the education sector 

14 Study on briquetting and gasification of agro-residues 2006-2008 38,400 

15 Market study for family and institutional biogas plants 2006-2007 32,000 

16 Renewable Energy Policy Study examining best 2007 76,000 
practices in other countries 

17 Study and recommendation on duties and tariff 2007-2009 48,000 
revisions to promote renewable energy 

18 Study and development of an investment promotion 2006-2008 48,000 
policy with fiscal and financial incentives 
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19 Study and recommendation on regulatory and market 2006-2008 20,000 
stimulants to accelerate solar thermal systems market 
development in Morocco 

20 Study on techno-business issues of grid interfacing and 2006-2007 60,000 
power purchase from renewables 

21 Establishment of a taxation/trading mechanism for 2006-2007 4,000 
financing renewable energy developments 

22 Study on financing and institutional mechanisms for 2006 35,000 
renewable energy development 

23 Study and Development of Service delivery models for 2006-2007 48,000 
rural electrification 

24 Development of a national Renewable Energy 2006-2007 30,000 
Resource Assessment Programme 

25 Study on Quality assurance, standardisation and 2006-2007 50,000 
testing for renewable energy 

26 Strategy Development for HRD in renewable energy 2006 32,000 

Total 1,052,200 

The key features of the studies, which are proposed under the renewable energy Plan, are: 

o A total of 26 studies, which are proposed to be carried out under 9 thematic areas. The 
successful completion of these studies would require national as well as international 
expertise; 

o The studies will be implemented during the period 2006 to 2011. There are studies which 
start as late as 2009 and there are ones which are finished as early as 2006; 

DOver US$l million would be required to finance these studies. Of this the major share will 
be required to carry out studies on other renewable energy technologies, policy studies and 
capacity building studies. This is shown in Figure 29 
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8.4.2. Capacity building and promotion 
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Training and capacity building plays an important role to ensure that there is enough quality 
manpower available to implement the renewable energy plan. Trained manpower for 
installation, operation and maintenance of the renewable energy systems are important to 
ensure superior technical performance. Another important set of activities to enable the 
renewable energy plan relates to promotional activities such as information dissemination to 
build awareness and popularise renewable energy. This is essential to create a market demand 
for renewable energy systems and services. 

The activities, which are being proposed for training, capacity building and information 
dissemination, can be classified as follows: 

o International training programmes and workshops, key Moroccan renewable energy 
professional should have the chance to attend major renewable energy and financing 
policy conferences and workshops apart from attending specialised training programmes. 
Some examples of the major conferences include (in no particular order or priority): 

• The Solar World Congresses of the International Solar Energy Society 

• The Annual European Photovoltaic Conference and Exhibition; 

• International Symposiums of the IEA-SolarPACES; 

• The Annual Conference of the European Wind Energy Association; 

• Annual Conference of the American Wind Energy Association; 

• The Arab Renewable Energy Conferences; 

• The Annual Conference of Parties to the Framework Convention on Climate 
Change; 

• Other International Conferences on bio-energy, geothermal energy, solar 
thermal etc. 
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Some examples of the institutions that offer specialised training programmes include: 

• Small Business Development Centre of Stony Brook, New York; USA 

• Institute ofInternational Education, New York; USA 

• Royal Institute for International Affaires, London; UK 

• Technology Development Group, University of Twente, Netherlands; 

• Newcastle Photovoltaic Applications Centre, University of North umbria, UK; 

• Deutsche Wind Energie Institut, Wilhelmshaven, Germany; 

• Centre for Photovoltaic Engineering, University of New South Wales, Sydney, 
Australia, 

• Florida Solar Energy Centre, University of South Florida, Florida, USA. 

• Tata Energy Research Institute, India 

• Solar Energy Center, Ministry ofNonconventioanl Energy Sources, 
Government of India 

• National Renewable Energy Laboratory, Colorado, USA 

D Training and capacity building of Apex body staff, it is envisaged that the staff of the 
apex body will undergo training and attend national conferences in the first year. 
Thereafter the directors and the professional staff continue to attend national and 
international conferences and training programmes whereas support staff attend national 
training programmes. 

D Training and capacity building of the other institution staff, such efforts will involve 
training programmes that cater to the new institutions to be created as well as existing 
organisations, which are being involved in the Renewable Energy plan activities. These 
institutions include, Moroccan Renewable Energy Industries Association (MREIA), the 
meteorological department and the education sector. 

D Advertisement and publicity campaigns will involve development of sector specific 
advertisement and publicity campaigns through the print and electronic media as well as 
Radio and Television. The activity will involve design of media campaigns by a local 
media agency based on the feedback from the market studies. These campaigns will then 
be implemented through the appropriate media. 

D Renewable energy trade fairs to be organised to encourage participation by local firms 
as well as key international players. Such trade fairs will provide opportunities for 
development of business relations and collaborative efforts. Such trade fairs may be 
conducted in Marrakech or some of the other large cities. 

D Other training activities include training programme on renewable energy planning for 
the planners including exposure to developing country policy experience through visits. 
Entrepreneurship Training Programmes to be conducted for prospective entrepreneurs 
and private sector in small business management. Also required are training programmes 
for NGOs and grass-roots level organisations on renewable energy technologies and 
service delivery mechanisms. 
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The details of all the activities that lead to training and information dissemination under the 
renewable energy plan is given in Table 46. The detailed LoE and Costs are shown in Table 
44. 

Table 46: Training & information dissemination activities 

No Training, Capacity Building, Dissemination Period Costs 
(US$) 

1 International conferences, workshops and specialised 2006-2015 24,000 
training programmes 

2 Advertisement and Publicity Campaigns 2006-2015 160,000 

3 Training in renewable energy planning 2006-2007 6,400 

4 Training for NGOs/grass roots organisations 2007-2007 9,600 

5 Training in Renewable energy planning, 2006-2007 16,000 
entrepreneurship development and 

Total 216,000 

Some of the key features of the capacity building and promotion activities are: 

o There are 5 activities that fall into capacity building & promotion under the accompanying 
measures to the plan. The successful completion of these studies would primarily require 
national expertise supplemented by international expertise; 

o The training programmes and the information dissemination activities extend throughout 
the 10 year plan period of 2006-2015. There are training programmes which start and 
finish in 2007 itself; 

DOver US$0.2 million would be required to finance the studies. Of this the major share will 
be required to organise trade fairs and to train the staff of the Apex body and other 
institutions. Figure 30 shows the resource allocation. 

Training 

Programres for 

NGOs 
4% 

Other training 

15% 

Entrepreneurship 

Developrrent 

Training 
Programres 

7% 

Attend international 

training 

programres and 

specialised 
workshops 

19% 

Advertiserrent and 

publicity carrpaigns 

67% 

Figure 30: Share of resources: capacity building and promotion 
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8.4.3. Institutional development 

This component tries to address the institutional weaknesses that have hampered the 
development of renewable energy in Morocco. Wherever possible existing institutions have 
been identified to play the relevant role in the renewable energy plan implementation, such 
institutions include the Meteorological Department, Centre des Energies Renouvelables 
CCDER), the Moroccan Higher Education System. Some new institutions will also need to be 
developed which include an Apex Body for Renewable Energy Development in the Mnistry 
of Energy & Mining, and Moroccan Renewable Energy Industry Association CMREIA). 

8.5. Apex body 

It is recommended that an Apex body as an Authority of Scientific Nature be established to 
assume responsibility to ensure coordinated implementation of the energy development 
programme. It would be appropriate for such an Apex body to assume a strategic 
management role covering renewable energy, energy efficiency and integrated resource 
planning programmes, in view of their inter-linkages without operational responsibilities. The 
establishment of the Apex Body will provide Morocco with a central and forward thinking 
mechanism by which sustainable energy development can emerge as a major component of 
the national energy policy. 

8.5.1. Establishment of the Apex body 

It is envisaged that the Apex body will interface with Industry, Educational and Training 
institutions, RD&D organisations, the meteorological department, donors, project 
implementers and the financial sector. The role of the Apex body is to take the necessary 
initiatives and be catalytic in developing and proposing incentives and regulatory frameworks 
to the Government. Resources to finance the Apex body would have to be provided by the 
Government of Morocco for the physical facility and staff salaries. The balance of funds to 
finance programme costs will have to be mobilised from donor organisations and 
implementing partners. A number of measures are proposed to ensure that the Apex Body is 
established and equipped with the requisite capacity to play its role. The mobilisation of 
financial, human, physical resources, as well as introduction of policy, statutory and fiscal 
measures is key to the timely implementation of these programmes. To accelerate the process 
of establishing the Apex Body and to bring it quickly into operational status, the steps that are 
to be taken are outlined below. 

The following steps and schedule are proposed to begin the process of mobilisation and 
organisation: 

o A working group be constituted to facilitate the setting up the Apex body, under the 
Ministry of Energy & Mining is proposed with an initial mandate of obtaining required 
authorisations from the Government of Morocco. Members of the group could be drawn 
from the Ministry of Energy, Planning, Finance, Environment, Agriculture, Industry, 
technology transfer and from the Banking sector. 

o Definition of the responsibilities mandates and scope of activities of seven core 
divisions within the Apex body. These are proposed as: 

1. Energy Efficiency division, 

2. Integrated Resource Planning division 

3. Renewable Energy division 
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4. Coordination division, (With developers, standard/certification institutes, donors, 
Ministries, inclusive of Planning Commission, Industry and decentralised institutional 
bodies,) 

5. Information Management division, 

6. Administration and Finance division, and 

7. Personnel and Human Resource division. 

o Development of detailed scope of work, work plan and resource requirements of the 
departments/groups operating within the divisions such as Monitoring and Evaluation, 
Training and Human Resource Management, New Initiatives and Incentives, policy 
regulatory and fiscal evolution, financial mobilisation, Standards and Certification and 
RD&D and the cells responsible for coordination/communications within the 
Coordination Division such as Project implementers, Industry, Donors, Decentralised 
Bodies, and Ministries. 

o Development of operations and practices manual for the Apex body. This manual 
would establish the procedures for operation of the Apex body especially the 
programming procedures and the procedures for functioning ofthe divisions and the sub
divisions. 

8.5.2. Role and functions of the Apex body 

The proposed role and functions of the Apex body are: 

o Responsibility for development of strategies, policies, legislations, regulatory change, 
co-ordination, quality, planning, information management, promotion, monitoring, 
finance mobilisation, business development and future directions for Renewable Energy 
development, Energy Efficient and Integrated Resource Planning. 

o Strategy development and prioritisation of renewable energy, energy efficiency and 
integrated resource planning in accordance with the National energy and environmental 
priorities, 

o Development of policy guidelines and legislative recommendations for Sustainable 
Energy market mechanisms and service delivery. 

o Positively influence definition and promotion of regulatory changes relating to 
renewable energy, energy efficiency and integrated resource planning. (Electricity tariff 
structures, third party sale of electricity, sales and revenue collection, environmental 
cess, Emissions trading) 

o Interface with, and representative to key energy agencies, domestic and international 
such as International Energy Agency (lEA) 

o Coordination of renewable energy RD&D programmes with implementing agencies such 
as CDER 

o Coordination of promotional initiatives. Generic promotion and awareness creation at 
inter-ministerial level, within industry, within the international finance community and 
sustainable market segments. Establishment and oversight of a Publications body which 
is responsible for dissemination of renewable energy news, product promotion, consumer 
voice, market and business opportunities, employment opportunities, etc. 

o Conceptualisation, evaluation and proposals for incentive structures 

o Central authority for the coordination of pilot and bankable projects 
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o Central Authority and coordinating body for co-operation with multi/bilateral Agencies 
in the sector 

o Primary interface and Platform for renewable energy with the Planning Commission 

o Coordinating body with CDER to evolve national standards, interface with International 
Electrotechnical Commission (lEC) and other international standardisation and quality 
assurance bodies. 

o Coordination and interface Agency with other Ministries for Renewable Energy. 

o Establishment and oversight of financial mechanisms. 

o A Management Information System (MIS) for renewable energy development in 
Morocco and Inter-ministerial, industry and international organisations information 
resource. 

o Focal point for monitoring and evaluation of renewable energy development experiences 

o Coordinating body of decentralised Agencies and organisations inclusive ofNGO's and 
grass roots groups 

o Establishment of an advisory group to monitor international developments and prospects 
for Moroccan involvement in Clean Development Mechanism(CDM), Joint 
Implementation (JI) and Tradable Green Certificate(TGC); 

8.6. Establishment and operation of a Renewable Energy Fund 

Within the current structure of the Moroccan Financial sector, it is proposed that a Renewable 
Energy Fund (REF) be set up. This fund would initially be set up as an administrative unit 
and would use the existing channels in the banking system to carry out the financing 
operations. The suggested plan would be to: 

o Establish the administrative set-up of the REF which includes the solicitation of 
proposals, appraisal of proposals and sanction of financial assistance; 

o Establish the financial support unit, which will be one of the existing banks that will 
offer depository, disbursal and repayment services through their existing infrastructure. 
Considering the nature, volume and infrastructure, it is proposed that Co-operative banks 
be selected as the financial support unit; 

A team comprising local financial and business experts, international experts in financial 
mechanisms, Co-operative bank, the Central bank, Ministry of Energy and Ministry of 
Finance is proposed to do the groundwork and to facilitate the establishment of the fund. The 
proposed mandate of the team will be: 

o Examine the proposal of establishing the Renewable Energy Fund (REF); 

o Determine the form of REF Administrative unit relationship with the Apex Body and the 
Co-operative Bank or other banks, if required; 

o Define REF management, operational and administrative structure; 

o Develop procedures for soliciting proposals, credit appraisal and sanction of assistance; 

o Define arrangements for its association with banking/financial intermediaries; 

It is recommended that preparatory work to define the REF should begin immediately after 
the Apex Body is formally established. The Administrative Unit of REF would be responsible 
for developing the financial instruments, marketing the financial instruments and soliciting 
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proposals. REF will also carry out due diligence on the proposals submitted and approve or 
reject financial assistance. It should also be able to attract credit lines and loans from 
multilateral and bilateral financial institutions such as the World Bank (WB), Asian 
Development bank(ADB), Kreditanstant fur Wiederaufbau (Kf\V), in addition to local market 
institutional borrowings. 

Another possibility to finance the operations of the Unit would be for the Moroccan 
Government to impose an Environmental Tax/Levy on fossil fuels or energy from fossil 
fuels, similar to the fossil fuel levy in Germany and the Climate Change levy in the UK. 
These resources could then be channelled for private sector developments through the IREF. 
It is proposed that the feasibility of such mechanisms be examined by a consortia consisting 
of local Moroccan and international experts. 

8.7. Industry association 

One of the institutions to be established is the Moroccan Renewable Energy Industry 
Association (MREIA) as an industrial chamber. The existence of MREIA would provide the 
framework for a common industry front to voice opinions to Government on issues such as 
policy, incentives, regulatory measures, technology transfer, competition etc. Participation 
and representation of the Apex body in this process provides an important linkage between 
industry and Govt. It also provides a platform for international collaboration. The Industry 
association can plan and host workshops to solicit technology transfer and joint ventures. It 
can also assume a role in generic promotion, marketing and concept selling activities. 

8.8. Energy meteorologicalframework 

Although wind and solar energy data have been gathered by the meteorological department 
for many years there is a need to expand this effort on data collection for more 
comprehensive information needed for energy projects For this purpose, all existing 
meteorological stations of the meteorological department is proposed to be equipped with 
data loggers and sensors equipment as well as data processing analysis software/Hardware. 
These stations will continue to monitor, wind, solar and precipitation patterns and will also 
engage a small team to map the bio energy resources where relevant. The energy 
meteorological network and the meteorological department will also analyse wind energy 
data to identify specific regions that are attractive for wind energy developments. This 
information could be made available at a price to prospective wind energy developers. The 
cost involved in setting up the energy meteorological framework is given in Table 47. The 
detailed LoE and Costs are shown in Table 44. 

Table 47: Costs of establishing the energy meteorological network 

Cost Element Period Estimated 
Cost(US$) 

Study and development of plan for upgrading 2006-2009 12,800 
Energy Meteorological network 

Upgrading Meteorological stations with 2008-2010 3,000,000 
Hardware equipments 

Overall cost 3,012,800 
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Key features of the institutional development component are: 

D The initiatives to establish new institutions, and committees or upgrade existing 
institutions 

D The initiatives to establish and upgrade the institutions start in 2006 and the operations 
extend through 2015. 

DOver US$ 3 million would be required to finance the institutional development initiatives. 
Of this the major share will be required to set up and operate the apex body and the quality 
assurance framework. Funds are also required to establish the quality assurance 
framework, financial institutions, the higher education system and the energy 
meteorological framework. 

The organizational structure and operational aspects of the Apex body and measures to 
upgrade institutional frameworks are described in the following sub sections. 

Table 48 gives a summary of proposed accompanying measures. 

Table 48: Accompanying measures plan summary 

Studies TraininglPromotion Institutional 
Development 

Resources 1.05 million 0.2 million 3 million 
Required (US$) 

Activities 26 5 5 

Period 2006-2011 2007-2015 2006-2015 

Activities Technology, social, Training, media Creation of Apex 
institutional, policy and campaign, trade fairs body, upgrading 
capacity building studies quality assurance, 

education system 

8.9. Quality assurance, standards and certification 

Standardisation activities in Morocco so far have focused on solar PV technology. The CDER 
had facilitated development of national standards and codes of practice for PV modules & 
batteries. In technologies where large-scale market developments are expected, there is a 
need to adopt and harmonise relevant international standards to facilitate the development of 
a high quality industrial base and ensure superior technical performance, especially for 
Photovoltaics, Wind Electric and Hydroelectric. 

It is proposed that the CDER examine the internationally available standards especially from 
the lEC, CENELEC and other standardisation bodies and adopt and harmonise them to 
Moroccan conditions and requirements. It is recommended that a division within the CDER 
be responsible for coordination of this activity overseen by a committee consisting of the 
Apex Body. 

The following steps are proposed for development of standardisation and quality control 
systems for renewable energy: 

D Develop proposals for setting up of a division in CDER for renewable energy 
standardisation and establishment of a committee for standardisation and quality control; 



o Identify initial list of standards, which need to be adopted/harmonised. A list of relevant 
IEC standards is provided in Appendix 4: 

o Set in motion the process of adoption/harmonisation of international standards to 
national standards by establishing a committee for adoption/harmonisation of standards, 
co-ordinated by Apex-body. 

8.10. Plan/or testing and certification/acilities 

The capacity of the CDER needs to be strengthened to be able to meet the testing and 
calibration requirements needed by the renewable energy industry. At this stage, based on the 
information available it is proposed that the CDER continues to be the test centre for 
renewable energy equipments during the 10 year plan period and beyond. It is proposed that 
the committee for standardisation and quality control oversee the capacity building and later 
the testing and certification process by CDER. 

It is proposed that a reputed International renewable energy test lab such as, ISPRA, 
CIEMAT, NREL, etc .. to be selected, as a consultant organisation to define and assist in 
procurement of the testing equipment required for testing of renewable energy products. The 
international consultants will also develop test procedures/protocols for renewable energy 
equipment and also a quality assurance manual for CDER. It is also proposed that the 
consultants carry out a capacity building and training program for the CDER renewable 
energy division. This activity needs to be started in parallel with the adoption/harmonisation 
of standards activity. 

8.11. Accreditation 0/ institutions 

In addition to standardisation, testing and approval, emphasis is also required on quality 
assurance and accreditation of test and training institutions. In the case of quality assurance 
systems for manufacturing and assembly, it is proposed that the ISO 9000 series of quality 
assurance be adopted, where relevant the International Electrotechnic Commission Quality 
(IECQ) and Global Approval Program for Photovoltaics (PV GAP) systems could be used. 
These are already popular with the Moroccan industry and there is also presence by 
international classification societies in Morocco. It is proposed that the Renewable Energy 
Plan encourage the adoption of the ISO 9000 series by the Moroccan renewable energy 
industry. 

Another area requiring quality assurance is the quality assurance of technical training 
programmes. There is a need to assure quality of training to ensure that adequate levels of 
skills are acquired by the trainees. It is therefore suggested to start with the technician 
training system be accredited in accordance with the Institute for Sustainable Power Quality 
(ISPQ) system of quality assurance. 

The renewable energy developments as planned will result in a significant demand for 
technicians, engineers and managers. 

Table 49 indicates the details of the Manpower specifications for Installation, Operation and 
Maintenance (0 & M) based on Moroccan situation. 
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Table 49: Manpower specifications based on Moroccan situation 

Description Staff requirement for installation, Salaries / Overhead Costs 
Operation & Maintenance Year 

(US$) 

Technician 200 One Technician over the number of 2,500 30% 
mandays in the column in the left 

Engineers 600 One Engineer over the number of 3,800 30% 
mandays in the column in the left 

Managers One Manager over the number of 8,000 30% 

1200 mandays in the column in the left 

Table 50 indicates the number of mandays required per system for Installation, Operation and 
Maintenance (0 & M) of RE technologies. The number of mandays estimated, is based on 
the previous projects implemented in Africa and Asia (Mnes, 2005), (Itpi, 2005). 

Table 50: Number of Mandays for Installation, 0 & M per system 

Mandays 
Mandays for 

System for 
Operation Total 

Application Capacity 
Unit 

Installation 
and Systems 

Maintenance (Nos) 
per system 

per system 

SOLAR THERMAL 

Solar Thermal Space Heating 
Systems 25 m2 7 3 1,600 

Solar Thermal Space Cooling 
Systems 25 ? 10 5 1,600 m-

Solar Thermal Domestic Hot Water 
Systems 200 Ipd 2 1.5 300,000 

Solar Thermal Hot Water Supply 
for Non Domestic Applications 2500 Ipd 5 2 800 

Solar Dryers for Small Scale 
m2 Agricultural Applications 200 30 4 100 

Industrial Process Heat 
1000 m2 200 15 750 

135 



Table 50: Number of Mandays for Installation, 0& M t ( f d) per sys em con m ue 

PHOTOVOL TAlC 

PV Village Electrification-SHS 50 Wp 0.5 1 200,000 

Solar lanterns for T ouaregs 25 Wp 0.5 1 10,000 

PV Powered Pumping Systems for 
Urban Water Supply 100 Wp 1 1 100 

PV Health and Education Systems 500 Wp 2 1 500 

PV Pumping Systems 3 kWp 2 1 500 

PV Professional applications 5 kWp 5 2 100 

HYBRID CONFIGURATIONS 

PV-Diesel Hybrid Configurations 3 kWp 1 10 50 

PV-Wind Hybrid Configurations 2 kWp 10 5 30 

PV-Wind Desalination System 
100/500 kWp 50 20 1 

Integrated Solar Combined Cycle 
Plant 228 MW 2000 500 1 

HYDRO 

Micro Hydro Schemes 25 MW 10 1 2 

RIO-ENERGY 

Briquetting and Gasification 30 kW 60 15 10 

Urban Solid Waste Projects 25 MW 100 25 4 

Biogas Systems (Small scale) 60 m3 5 5 2,300 

Biogas Systems (Large scale) 1000 m3 200 50 35 

WIND 

Wind Farms (Grid tied) 1 MW 30 6 1,000 

Wind Electric (Stand alone) 100 kW 10 4 1,000 
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Eg : Estimating the manpower requirement for Solar Thermal Space heating system is 
given below 

References 
2012 2013 2014 2015 Total 

Mandays for Installation per system Table 50 7 7 7 7 

Mandays for 0 &M per system Table 50 3 3 3 3 

Number of Systems installed per year Table 31 & 
100 300 500 700 1,600 

Table 35 

Mandays per Technician Table 49 200 200 200 200 

Mandays per Engineer Table 49 600 600 600 600 

Mandays per Manager Table 49 1200 1200 1200 1200 

Total Mandays for Installation 700 2,100 3,500 4,900 

Total ManDays for 0 & M 300 1,200 2,700 4,800 

Total ManDays 1000 3,300 6,200 9,700 
No of technicians required 5 12 14 18 49 
No of Engineers required 2 4 5 6 
No of managers required 1 2 3 3 

o The total mandays for installation is calculated by multiplying the mandays for 
Installation per system with the number of Systems installed per year. 

o The total mandays for 0 & M is calculated by multiplying the mandays for 0 & M per 
system with the number of Systems installed for the respective year and adding with-the 
mandays for 0 & M of the previous year. 

o The number of technicians required is calculated by dividing the total mandays with the 
mandays per Technician. 

o The number of Engineers required is calculated by dividing the total mandays with the 
mandays per Engineer. 

o The number of Managers required is calculated by dividing the total mandays with the 
mandays per Manager. 

y Table 51 indicates the number of technicians required per year for Installation, 
Operation and Maintenance (0 & M) ofRE technologies during the 10 year period. 

y Table 52 indicates the number of Engineers required per year for Installation, 
Operation and Maintenance (0 & M) of RE technologies during the 10 year period. 

y Table 53 indicates the number of Managers required per year for Installation, 
Operation and Maintenance (0 & M) ofRE technologies during the 10 year period. 

17 
9 
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Table 51: Total requirement of Technicians 

Description 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Solar Thermal Space Heating Systems 0 0 0 0 0 0 5 12 14 18 49 
Solar Thermal Space Cooling Systems 0 0 0 0 2 1 1 21 20 33 78 
Solar Thermal Domestic Hot Water Systems 0 0 0 9 21 125 620 475 900 1,300 3,450 
Solar Thermal Hot Water Supply for Non Domestic Applications 0 0 0 0 0 0 2 2 5 11 20 
Solar Dryers for Small Scale Agricultural Applications 0 0 0 0 0 1 1 2 2 2 8 
Industrial Process Heat 0 0 0 6 11 44 53 61 65 42 282 
PV Village Electrification-SHS 0 0 38 25 62 125 138 23z 7 238 262 1,125 
Solar lanterns for Touaregs 0 0 2 2 5 7 8 11 10 10 55 
PV Powered Pumping Systems for Urban Water Supply 0 0 0 0 0 0 0 1 0 0 1 
PV Health and Education Systems 0 0 0 1 0 1 0 1 0 1 4 
PV Pumping Systems 0 0 0 0 0 1 1 1 1 0 4 
PV Professional applications 0 0 0 0 1 0 0 1 0 0 2 
PV-Diesel Hybrid Configurations 0 0 0 0 0 1 0 0 1 1 3 
PV-Wind Hybrid Configurations 0 0 0 0 0 1 0 0 0 1 2 
PV-Wind Desalination System 0 0 0 0 0 0 0 1 0 0 1 I 
Integrated Solar Combined Cycle Plant 0 0 0 0 0 0 13 0 0 0 13 
Micro Hydro Schemes 0 0 0 0 0 1 0 0 0 0 1 
Briquetting and Gasification 0 0 0 0 0 0 2 1 0 0 3 
Urban Solid Waste Projects 0 1 0 0 0 0 0 0 0 0 1 
Biogas Systems (Small scale) 0 0 0 0 0 8 9 18 23 17 75 
Biogas Systems (Large scale) 0 0 0 0 0 4 3 4 6 2 19 
Wind Farms (Grid tied) 0 1 11 4 7 7 5 7 5 13 60 
Wind Electric (Stand alone) 0 0 4 1 1 4 6 6 4 4 30 

Total Technicians Required 0 2 55 48 110 331 867 862 1,294 1,717 5,286 
-- --
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Table 52: Total requirement of Engineers 

Description 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Solar Thermal Space Heating Systems 0 0 0 0 0 0 2 4 5 6 17 
Solar Thermal Space Cooling Systems 0 0 0 0 1 0 1 7 6 11 26 
Solar Thermal Domestic Hot Water Systems 0 0 0 3 7 42 207 158 300 433 1,150 
Solar Thermal Hot Water Supply for Non Domestic Applications 0 0 0 0 0 0 1 1 1 4 7 
Solar Dryers for Small Scale Agricultural Applications 0 0 0 0 0 1 0 1 0 1 3 
Industrial Process Heat 0 0 0 2 4 15 17 21 21 14 94 
PV Village Electrification-SHS 0 0 13 8 21 42 46 79 79 87 375 
Solar lanterns for Touaregs 0 0 1 1 1 3 2 4 3 4 19 
PV Powered Pumping Systems for Urban Water Supply 0 0 0 0 0 0 0 1 0 0 1 
PV Health and Education Systems 0 0 0 1 0 0 0 0 0 1 2 
PV Pumping Systems 0 0 0 0 0 1 0 0 1 0 2 
PV Professional applications 0 0 0 0 1 0 0 0 0 0 1 
PV-Diesel Hybrid Configurations 0 0 0 0 0 1 0 0 0 0 1 
PV-Wind Hybrid Configurations 0 0 0 0 0 1 0 0 0 0 1 
PV-Wind Desalination System 0 0 0 0 0 0 0 1 0 0 1 
Integrated Solar Combined Cycle Plant 0 0 0 0 0 0 5 0 0 0 5 
Micro Hydro Schemes 0 0 0 0 0 1 0 0 0 0 1 
Briquetting and Gasification 0 0 0 0 0 0 1 0 0 0 1 
Urban Solid Waste Projects 0 1 0 0 0 0 0 0 0 0 1 
Biogas Systems (Small scale) 0 0 0 0 0 3 3 6 8 5 25 
Biogas Systems (Large scale) 0 0 0 0 0 2 1 1 2 1 7 
Wind Farms (Grid tied) 0 1 3 2 2 2 2 2 2 4 20 
Wind Electric (Stand alone) 0 0 2 0 0 2 2 2 1 1 10 

Total Engineers Required 0 2 19 17 37 116 290 288 429 572 1,770 
-
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Table 53: Total requirement of Managers 

Description 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Solar Thermal Space Heating Systems 0 0 0 0 0 0 1 2 3 3 9 
Solar Thermal Space Cooling Systems 0 0 0 0 1 0 0 4 3 5 13 
Solar Thermal Domestic Hot Water Systems 0 0 0 2 3 21 104 79 150 216 575 
Solar Thermal Hot Water Supply for Non Domestic Applications 0 0 0 0 0 0 1 0 1 2 4 
Solar Dryers for Small Scale Agricultural Applications 0 0 0 0 0 1 0 0 0 1 2 
Industrial Process Heat 0 0 0 1 2 8 8 11 10 7 47 
PV Village Electrification-SHS 0 0 7 4 10 21 23 40 39 44 188 
Solar lanterns for Touaregs 0 0 1 0 1 1 1 2 2 2 10 
PV Powered Pumping Systems for Urban Water Supply 0 0 0 0 0 0 0 1 0 0 1 
PV Health and Education Systems 0 0 0 1 0 0 0 0 0 0 1 
PV Pumping Systems 0 0 0 0 0 1 0 0 0 0 1 
PV Professional applications 0 0 0 0 1 0 0 0 0 0 1 
PV-Diesel Hybrid Configurations 0 0 0 0 0 1 0 0 0 0 1 
PV-Wind Hybrid Configurations 0 0 0 0 0 1 0 0 0 0 1 
PV-Wind Desalination System 0 0 0 0 0 0 0 1 0 0 1 
Integrated Solar Combined Cycle Plant 0 0 0 0 0 0 3 0 0 0 3 
Micro Hydro Schemes 0 0 0 0 0 1 0 0 0 0 1 
Briquetting and Gasification 0 0 0 0 0 0 1 0 0 0 1 
Urban Solid Waste Projects 0 1 0 0 0 0 0 0 0 0 1 
Biogas Systems (Small scale) 0 0 0 0 0 2 1 3 4 3 13 
Biogas Systems (Large scale) 0 0 0 0 0 1 1 0 1 1 4 
Wind Farms (Grid tied) 0 1 1 1 1 1 1 1 1 2 10 
Wind Electric (Stand alone) 0 0 1 0 0 1 1 1 1 0 5 

Total Managers Required 0 2 10 9 19 61 146 145 215 286 893 
-
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Table 54 indicates the total manpower requirement per year for Installation, Operation and 
Maintenance (0 & M) ofRE technologies during the 10 year period. 

Table 54: Total Manpower requirement 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Technicians 0 2 55 48 110 331 867 862 1,294 1,717 
Engineers 0 2 19 17 37 116 290 288 429 572 
Managers 0 2 10 9 19 61 146 145 215 286 
Total 0 6 84 74 166 508 1,303 1,295 1,938 2,575 

Total 

5,286 

1,770 

893 

7,949 

The total requirement for engineers, technicians and managers will be 7949. This represents 
an additional requirement of 5286 technicians, 1770 engineers and 893 managers. This is 
shown in Figure 31. 
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Figure 31: Annual additional manpower requirement to facilitate the plan 

Such a major demand for qualified manpower would need several activities resulting in 
upgrading the Moroccan Higher Education system. Some of the activities, which need to be 
carried out, are: 

o Preparation of reference curricula for training of high and middle-level technicians, 
including special model training programmes for maintenance technicians; 

o Preparation of learning packages covering the various kinds of renewable energy 
technologies, as well as energy management, operation and maintenance; Enterprise 
management, etc. 
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o Creation of a network, initially of a limited number of centres and universities that 
offer training and/or deliver degrees in renewable energy; 

o Promotion of the principles of renewable energy in secondary school curricula, and 
advise on the preparation of relevant documentation, and 

o Equipping laboratories with renewable energy demonstration and educational devices 
and equipment. Only 1 university currently teach and offer few modules in renewable 
energy. 

In response to this demand, new batches and courses will be required in the technical training 
institutes and the engineering and management colleges. Table 55 shows the formal 
education specification based on Moroccan education system. 

Table 55: Formal education specification based on Moroccan education system 

Course for Number of Students No. of teaching Salary of Cost / Course 
years per staff per course Teaching staff 

(US$) 
course / Year (US$) 

Technicians 2 60 3 2,300 3,000 

Engineers 4 50 2 3,300 3,000 

Managers 5 40 2 3,500 3,000 

Based on the manpower requirement (Table 54) and the number of years per course (Table 
55) the annual enrolments of the students are shown in Table 56. 

Table 56: Annual enrolments of the students over the 10 year plan period 

Enrolments 
in Courses 
for 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Technicians 55 48 110 331 867 862 1294 1717 

Engineering 37 116 290 288 429 572 

Management 61 146 145 215 286 

The estimated number of students attending the courses over the 10 year period is shown in 
Table 57. 

Table 57: Cumulative Number of students attending the courses 

Course 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
duration 

Technician 2 Yrs 55 103 158 441 1198 1729 2156 3011 1717 1717 

Engineering 4 Yrs 37 153 406 694 1123 1579 1289 1001 572 572 

Management 5 Yrs 61 207 291 506 792 792 646 501 286 286 
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Table 58 shows number of formal education courses required over the 10 year plan period. 

Table 58: Number of formal education courses 

Course 

Students in 
duration 

Courses for 
in years 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Technicians 2 1 2 3 8 20 29 36 51 29 29 

Engineering_ 4 1 4 9 14 7'" -.) 32 26 21 12 12 

Management 5 2 6 8 13 20 20 17 13 8 8 . 

Additional teaching capacity is required to support new courses. Table 59 shows number of 
teachers required per year. 

Table 59: Requirements of teachers per year 

Course 
Students in duration 
Courses for in years 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Technicians 2 '" 6 9 24 60 87 108 153 87 87 .) 

Engineering 4 2 8 18 28 46 64 52 42 24 24 

Management 5 4 12 16 26 40 40 34 26 16 16 

An estimated 697 teaching staff will be recruited for the educational sector to respond to this 
demand for management, marketing, installation and service personnel. This is shown in 
Table 60. 

Table 60: Cumulative Requirements of teachers 

Course 
Students in duration 
Courses for in years 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 

Technicians 2 6 9 18 51 69 57 84 30 3 327 

Engineering 4 8 18 28 46 56 34 14 0 0 204 

Management 5 12 16 26 40 40 22 10 0 0 166 

The estimated total cost of courses is shown in Table 61. 

Table 61: Cost of Courses (in lOOOs) 

Cost of Cost per 
Courses per course 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
year for (in 1000s) 

Technicians $3 $3 $6 $9 $24 $60 $87 $108 $153 $87 $87 $624 

Engineers $3 $3 $12 $27 $42 $69 $96 $78 $63 $36 $36 $462 

Management $3 $6 $18 $24 $39 $60 $60 $51 $39 $24 $24 $345 
Total Cost 
of Courses $12 $36 $60 $105 $189 $243 $237 $255 $147 $147 $1,431 
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The estimated cost of teaching staff per year is shown in Table 62. 

Table 62: Cost of teaching staff (in 1000s) 

Cost of Salary per 

Teaching 
Year per 200 

2007 2008 2009 2010 2011 2012 2013 2014 2015 Total staff 6 staff Per year (in 1000s) 

Technicians $2 $7 $14 $21 $55 $138 $200 $248 $352 $200 $200 $1,435 

Engineers $3 $7 $26 $59 $92 $152 $211 $172 $139 $79 $79 $1,016 

Management $4 $14 $42 $56 $91 $140 $140 $119 $91 $56 $56 $805 

Total Salaries $28 $82 $136 $239 $430 $551 $539 $582 $335 $335 

o Training Programmes for managers, engineers and technicians, over the 10 year plan 
period. These professionals would need orientation training programmes to familiarise 
them with renewable energy technologies and will also need periodic refresher training 
programmes. 

$3,257 

For the Initial Industrial training programmes it is envisaged that training programmes of 5, 3 
and 2 days will be conducted for technicians, engineers and managers respectively. For the 
refresher training programmes, it will be 2, 1 & 1 days. The number of days, the number of 
students and number of Teaching staff as well as the cost are based on the previous training 
programmes conducted in Morocco (Temasol,2005);(cder,2005) and in India (Itpi,2005). 

The specifications of both the training programmes are shown in Table 63 Table 64 . 

Table 63: Initial Industrial Training specifications for Morocco 

Description Number of Cost per Total Cost per Number of Number of 
Days per day training Students per Teaching staff 
training (US$) program training per program 
program (US$) program 

Technician 5 25 125 20 1 

Engineers 3 30 90 15 1 

Managers 2 35 70 15 1 

Table 64: Advance Industrial Training specifications for Morocco 

Description Number of Days Cost per day Total Cost per Number of Number of 
per training (US$) training Students per Teaching staff per 

program program training program 
(US$) program 

Technician 2 30 60 20 1 

Engineers 1 35 35 15 1 

Managers 1 40 40 15 1 
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Based on the manpower requirement (Table 54), the number of training courses as well as the 
cost per year for both the training programmes are shown in Table 65, Table 66, Table 67, 
Table 68. 

Table 65: Annual Initial Industrial Training programmes per year 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Technicians 1 3 3 6 17 44 44 65 86 269 
Engineers 1 2 2 3 8 20 20 29 39 124 
Managers 1 1 1 2 5 10 10 15 20 65 

Total 3 6 6 11 30 74 74 109 145 458 

Table 66: Annual Refresher Training programmes per year 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Technicians 3 6 8 23 60 87 108 151 446 
Engineers 3 11 28 47 75 106 86 67 423 
Managers 5 14 20 34 53 53 44 34 257 

Total 11 31 56 104 188 246 238 252 1,126 

Table 67: Annual cost of Initial Industrial Training programmes 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Technicians $125 $375 $375 $750 $2,125 $5,500 $5,500 $8,125 $lO,750 $33,625 
Engineers $90 $180 $180 $270 $720 $1,800 $1,800 $2,610 $3,5lO $11,160 
Managers $70 $70 $70 $140 $350 $700 $700 $1,050 $1,400 $4,550 

$285 $625 $625 $1,160 $3,195 $8,000 $8,000 $11,785 $15,660 $49,335 

Table 68: Annual cost of Refresher Training programmes 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Technicians $180 $360 $480 $1,380 $3,600 $5,220 $6,480 $9,060 $26,760 

Engineers $105 $385 $980 $1,645 $2,625 $3,710 $3,010 $2,345 $14,805 

Managers $200 $560 $800 $1,360 $2,120 $2,120 $1,760 $1,360 $10,280 

$485 $1,305 $2,260 $4,385 $8,345 $11,050 $11,250 $12,765 $51,845 
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The summary of the costs associated with upgrading the Moroccan Higher Education sector 
is given in Table 69 

Table 69: Costs of upgrading the Moroccan higher education system 

Cost Element Period Estimated Cost 
(US$) 

Cost of upgrading formal education system 2006-2015 1,431,000 

Salaries for Teaching staff 2006-2015 3,256,600 

Cost of Initial Training programmes 2006-2015 49,335 

Cost of Advanced/Refresher Training programmes 2006-2015 51,845 

Overall Cost 4,788,780 

8.11.1. Policy forum 

Experience indicates that promotional policies, regulatory measures and incentives 
introduced in different countries have been instrumental in providing the needed impetus to 
renewable energy development.(Winkler et al,2005). However, the introduction of a full 
range of such policies in Morocco will have to be done in a phased manner because: 

o The renewables industry is yet to be developed fully and not in a position to take full 
advantage of benefits from many possible promotional policies, 

o The infrastructure, in terms of numbers of skilled resources, capacity building 
mechanisms, etc is only developing. 

Promotional policies and measures should for the most part focus upon incentive structures 
designed to stimulate the market, since, with a sizeable market, industry will respond. If 
demand increases for skilled resources, capacity building will need to occur. Therefore 
market stimulation is the key to initiate developments. 

Promotional policies and measures should be structured to minimise financial burden on the 
Government of Morocco, focus upon internal resource generation from consumers of fossil 
fuels that will effectively cross-subsidise the renewable industry. 

8.11.2. Working committees 

Two working committees that are proposed under the aegis of the Apex body are: 

o Working committee with key Moroccan industry, either already operational in the 
renewable energy sector or potential industrial entrants, to develop an understanding of 
industry and its perceived policy constraints. This committee should also include 
representation from the Ministry of Industry. This committee should review industry 
developments in renewable energy technologies, and formulate proposed improvements 
and streamlining of policies and procedures that directly and indirectly affect industry. 

o Working committee with the financial sector would have representation of the 
banking sector and credit organisations apart from the Ministry of Finance and the 
Central Bank. Activities of this committee would involve fiscal/financial incentives, risk 
sharing, resource mobilisation and address policy issues relating to the establishment and 
operation of REF. 
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CHAPTER NINE 

COSTS & BENEFITS 



9. COSTS AND BENEFITS 

9.1. Costs 

For the accompanying measures, costing has been carried out based on the levels of effort 
involved in carrying out the assignments/studies, estimates of infrastructure costs (where 
physical infrastructure needs to be established or upgraded) and salaries and overheads based 
on the current levels in Morocco for the operating expenses. 

The total cost of implementing the renewable energy plan including the energy development 
and accompanying measures components will be US$I.806 billion. Of this the accompanying 
measures only require about US$4.3 million or just around 0.3%. About 99.7% of the 
resources will be required for energy developments. It can be seen that about 70% of the 
costs of accompanying measures are spent on institutional development. In the energy 
developments, wind energy accounts for the major share of 47% followed by bio energy, 
hybrid systems and solar thermal developments with 20, 15 and 12% respectively. 

Figure 32 shows the costs of the plan in million US$ terms. 

Hybrid, 
$277 Mllion 

Bio, 
$364 Mllion 

Wind, 
$845 Million 

Solar thermal , 
$220 Mllion 

Photovoltaic, 
$59 Million 

Hydro, 
$37 Million 

Institutional building, 
$3 Million 

Studies, 
$1 Million 

Training, Capacity 
Building, 

$0.2 Million 

Figure 32: Cost of the RE plan components and sub-components (US$) 
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9.2. Means 

Based on the current trends in development finance to renewable energy, and the past trends 
of government, donor and private sector investments in Moroccan renewable energy sector, 
estimates were made with respect to the financing/contribution possible for the 
accompanying measures. One such example is the solar rural electrification project financed 
by KfW for 16,000 Solar home systems (Remeche,2005). In addition to donor trends and 
past Moroccan experience, the current trend in private sector investments in renewable 
energy was considered and estimates made on the possible contributions to the energy 
developments. Experiences of successful renewable energy developments in Egypt (Wind), 
Tunisia (Solar Thermal), India (PV, Biomass) and were studied to model the donor and 
private sector participation trends (Itpi, 2005),(Unep,2005), (Mnes,2005),(Pvmti,2005). 

In line with these trends it can be seen from Figure 33 that the majority of the resources of 
60% for the renewable energy plan will be leveraged from the private sector industry and the 
remaining portion contributed by donor assistance and government, the government share 
being marginally less than the donor contribution. 

Industry, 
$1,106 million 

Government, 
$341 million 

Donor, 
$358 million 

Figure 33: Financing Sources for RE plan implementation (US$) 

9.3. Socio-economics 

9.3.1. Employment generation 

As a result of the demand for the technical manpower to design, manufacture, integrate, 
supply, install, commission, operate and service the renewable energy systems there will be 
large scale employment opportunities generated for technicians and engineers by the 
renewable energy plan. About 5286 technicians and over 1770 engineers will be required to 
implement the plan. These employment opportunities are expected to be generated in existing 
and future private sector enterprises and there will also be a demand to manage these 
enterprises. This will require financial professionals involved in financing the developments, 
marketing personnel who will be involved in marketing and advertisements and well as 
managers for manufacturing and assembly units. So in addition to the technical manpower 
there will also be a direct need for about 893 managers. 

Such large requirements of professionals will place major demands on the Moroccan higher 
education system for renewable energy engineering and management, for which provision 
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has been made under the institutional development component of the accompanying 
measures. There will be several new courses started and will provide direct employment to 
about 697 teachers. Therefore the total number of direct jobs created by the RE plan is 8646. 
The overall manpower requirement is shown in Figure 34. It may be noted that several 
indirect jobs will also be created in providing support services to these new institutions and 
enterprises, which is not quantified here. 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 

o 
Technicians Engineers Managers Teachers 

Figure 34: Overall manpower requirement 

9.3.2. Environmental protection 

The Green House Gas (GHG) emissions are also expected to increase considerably if the 
current energy mix remains predominantly hydrocarbon based. The Renewable energy plan 
will not stop or reverse this trend but will be able to make significant reductions in the 
Moroccan GHG emissions. 

The amount of Emission for each Pollutant is given in Table 70 

Table 70: Emissions 

(Source: Stockholm Environmental Institute, 2004) 

Pollutant Amount of emission (tonne) 

CO2 2,573 

NOx 17 

CO 26 

S02 32 
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The estimated emissions to be produced during the 10 year period are given in Table 71. This 
is calculated by multiplying the Primary energy consumption with the amount of emission for 
each pollutant. 

Table 71: Estimated emissions to be produced during the 10 year period 

Year 
Primary Energy consumption 

CO2 (Mt) NOx(kt) CO (kt) S02 (kt) 
(Mtoe) 

2006 12.5 32.2 213 325 400 

2007 13 33.4 221 338 416 

2008 13.5 34.7 230 351 432 

2009 14 36 238 364 448 

2010 14.5 37.3 247 377 464 

2011 15 38.6 255 390 480 

2012 15.5 39.9 264 403 496 

2013 16 41.1 272 416 512 

2014 16.5 42.4 281 429 528 

2015 17 43.7 289 442 544 

The substitution of fossil fuel based heat and power with renewable energy sources will result 
in major reductions in C02, S02, NOx and CO. There will be reduction of 1,083,000 
tonnes/year of C02 , and the reductions in S02, NOx and CO will be 13,000, 7,000 and 11,000 
tonnes/year respectively by 2015. This is shown in Table 72 

Table 72: Displaced emissions during 10 year period 

Year RE contribution CO2 NOx CO (kt) S02 (kt) 
(%) (kt) (kt) 

2006 0.00% 0 0 0 0 
2007 0.03% 10 0 0 0 
2008 0.14% 49 0 0 1 
2009 0.26% 95 1 1 1 
2010 0.42% 155 1 2 2 
2011 0.71% 274 2 3 3 
2012 1.16% 462 3 5 6 
2013 1.54% 636 4 6 8 
2014 1.96% 833 6 8 10 
2015 2.48% 1083 7 11 13 
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Figure 35 shows the shares of different renewable energy technologies in GHG emission 
reductions, it can be seen that wind energy and bio-energy developments will result in more 
than three-fourths of the GHG emission reductions. 

\Mnd 

57% 

Solar Therrral 

14% 

FV 
0.5% 

Hybrid 

4.5% 

Sio 

21% 

Hydro 

3% 

Figure 35: Share of GHG emission reductions by technologies under RE plan 

The societal costs US$32; US$10,473; US$636 and US$2,194 for each tonne of C02, NOx, 
CO and S02, (Stockholm Environmental Institute,2004) avoided by these GHG emission 
reductions in 2015 are US$146 million of which the major contribution of over 50% is made 
by NOx reductions (Table 73 & Figure 36). 

Table 73: Avoided societal costs 

Year CO2 NOx CO S02 Total 
(US$) (US$) (US$) (US$) (US$) 

2006 

° ° ° ° ° 2007 316,031 683,376 63,470 269,480 1,332,357 
2008 1,578,468 3,413,234 317,013 1,345,962 6,654,677 
2009 3,033,704 6,559,995 609,276 2,586,843 12,789,819 
2010 4,969,001 10,744,824 997,952 4,237,072 20,948,850 
2011 8,752,573 18,926,313 1,757,828 7,463,329 36,900,043 
2012 14,796,631 31,995,809 2,971,690 12,617,104 62,381,233 
2013 20,348,171 44,000,300 4,086,637 17,350,908 85,786,017 
2014 26,670,672 57,671,895 5,356,420 22,742,112 112,441,099 
2015 34,667,445 74,963,886 6,962,457 29,560,969 146,154,757 
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Figure 36: Avoided societal costs 

The emerging international financing mechanisms such as CDM, JI and TGCs could actually 
help internalise some of these external costs. This could be especially true in the case of CO2 

emissions reduced mitigation, where some countries such as Netherlands have already started 
soliciting projects for financing. However the cost of Certified Emission Reduction (CER) 
and Emission Reduction Unit (ERU) are likely to be much below the societal costs. The 
likely costs for CERs are in the range 1-10$/ton 

9.3.3. Economic analysis 

Detailed economic analysis was carried out for each of the energy technologies, which are 
being considered under the 10 year plan. Since a large number of technologies were being 
used to provide heat and power for a variety of applications, no single baseline was found 
suitable to cover all developments. Therefore five different baselines were used to analyse all 
energy system components: 

o Diesel water heaters were considered as the baseline for technologies involving supply 
of hot water such as the domestic and non-domestic solar water heating systems; 

o Electricity was considered as a baseline for solar thermal technologies for heating and 
cooling as well as for industrial process heat; 

o Butane gas lamps were considered as the baseline for lighting in rural and decentralised 
areas, this baseline was used in Solar lanterns for the Touaregs; 

o Gas based electricity generation and grid extention was used as the baseline in the 
analysis of technologies such as wind electric generation, hydro electric, hybrid electric, 
solar thermal electric and waste-to energy power plants; 

o Gasoline generators were used as the baseline for off-grid professional applications of 
PV, PV pumping, health and education systems etc. 

Internationally accepted values were assumed for the lifetime, capital costs and operating 
costs of the systems. The inflation was assumed as 5 % and the discount rate was taken as 
9%, the cost of electricity and hydrocarbon fuels was taken from the current Moroccan 
market prices. The life cycle costs and the levelised annual costs for each renewable energy 
technology were compared with the baseline. 
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An example of the calculations regarding the economic analysis for the domestic solar water 
heating system and the diesel water is shown below: 

Assuming that a household in Morocco requires about one litre of diesel per day for heating 
water, the life cycle cost (Lee) for one diesel heater is shown in Table 74. 

Table 74: Lee for Diesel Heater 

Diesel required per day 1.00 
Cost of Diesel per litre $0.82 
Annual Fuel consumption (litre) 365 
Total annual fuel cost $299 
No. of Heaters 1.00 
Capital cost per heater $200 

Maintenance Cost Per % of Total cost 6% 
year Amount $311 

n Life of the system 20 

d Discount Rate 9% 
h Inflation rate Value 5% 

a (1 + h) / (1+d) 0.96 

pa (a * (1 - (al\n))) / (1-a) 13.82 

pr ((1+h)/ (1+dlrn 0.47 

sp single cost = (capital cost * pr) $95 

ap Annual payment = (Capital cost) * pa $2,764 

mel maintenance cost * n $6,226 

LCC (Capital eost + sp + mel) $6,521 

The life cycle cost (Lee) for a domestic Solar water heating system is shown in Table 75: 

Table 75: Lee for SWHS 

Description 1 unit .1 Litres per day (Ipdl 1 

1 Average Cost / unit $2.25 
Capital Cost Calculation 

No. of Litres 200 
Amount in $ $451 

Maintenance Cost ,,-er year 
% of Capital cost 2% 
Maintenance Amount in $ $9.01 

n = Life time of the System 20 
d = Discount Rate 9% 
h = Inflation 5% 
a = (1 + H)/(1+D) 1.0 

pa = (a*(1-al\n)) / (1-a) 13.8 

Pr = ((1 +h)/(1 +d))An 0.5 

sp = Single Payment = (Capital cost)*pr $213 

ap = Annual payment = (Capital cost) * pa $6,230 

mel = maintenance cost * n $180.3 

LCC = Life cycle cost = Capital cost + sp + mel + RV + FC $844 
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It is estimated that 300, 000 SWH systems will be installed by 2015. Therefore the life cycle 
costs (LCC ) and the levelised annual costs for SWHS and the diesel heaters are shown in 
Table 76. 

Table 76: LCC and levelised annual costs for SWH systems & Diesel Heaters 

SWHS Diesel Heaters 

Capital cost Isystem $451 $200 

Life Cycle Cost Iper system $844 $6,521 

Total Number of systems 300,000 300,000 

Total Capital Cost (Million US$) $135 $60 

Total Life Cycle Cost (Million US$) $253 $1956 

Levelised Annual Costs (Million US$) $27.75 $214 

Based on the above calculations, the LCC and levelised annual cost were estimated for each 
of the renewable energy technologies and then compared with their respective baselines. 
Table 77 below gives the details of the economic analysis for each of the RE technologies. 

Table 77: Economic analysis details 

Energy Baseline Life Cycle Life cycle costs Levelised Levelised 

Technology Costs of of Baseline Annual Costs Annual Costs 
Renewable (Million US$) of Renewable of Baseline 
Energy Plan Energy Plan (Million US$) 
(Million US$) (Million US$) 

Solar Thermal Electricity 11.60 13.13 1.27 1.44 
Space Heating 
Systems 

Solar Thermal Electricity 11.60 13.13 1.27 1.44 
Space Cooling 
Systems 

Solar Hot Water Diesel 253.30 1956 27.75 214 
Systems - water 
Domestic heaters 

Solar Hot Water Diesel 8 63 0.9 6.9 
Systems -Non water 
Domestic heaters 

Solar dryers for Electricity 4 6.01 0.44 0.66 
agriculture 

Industrial Process Electricity 142.09 175.25 15.57 19.20 
Heat through 
Solar Thermal 

PV Village Gas based 92.26 182.99 10.11 20.05 
electrification electricity 
systems generation 
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T bl 77 E a e : conomlc analysIs etal S continued) I . d ·1 ( 

Solar lanterns for Butane gas 2.35 12.70 0.26 1.39 
Touaregs lamps 

PV Pumping Gasoline 9.90 20.54 1.08 2.25 
Systems gene 

PV health & Gasoline 2.68 3.93 0.29 0.43 
education 
systems 

PV systems for Gasoline 4.32 6.73 0.47 0.74 
non-domestic use gene 

Hybrid Systems Gas based 4.34 5.38 0.48 0.59 
electricity 
generation 

Integrated Solar Gas based 567.29 498.25 62.14 54.58 
Combined Cycle electricity 
Power Plant generation 

Hydro power Gas based 91.38 342.77 10.01 37.55 
electricity 
generation 

Gasification Gas based 0.33 2.41 0.04 0.26 
plants electricity 

generation 

Urban waste to Gas based 115.53 965.51 12.66 105.77 
energy plants electricity 

generation 

Biogas systems Gas based 601.09 1678.73 65.85 183.90 
electricity 
generation 

Wind electric Gas based 2089.74 6592.80 228.92 722.22 
generation electricity 

generation 

TOTAL 4011 12,539 
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Table 78 below gives the details of the capital cost for each of the RE technologies under the 
renewable energy plan and the conventional route (baseline). 

Table 78: Capital cost of the technologies for the RE plan and the baseline 

Renewable 
RE TECHNOLOGIES FOR MOROCCO Energy (US$) Baseline (US$) 

Solar Thermal 
Solar Thermal Space Heating Systems $6,194,444 $1,920,000 
Solar Thermal Space Cooling Systems $6,190,972 $1,920,000 
Solar Thermal Domestic Hot Water Systems $135,222,222 $60,000,000 
Solar Thermal Hot Water Supply for Non Domestic 
Applications $4,305,556 $2,080,000 
Solar Dryers for Small Scale Agricultural Applications $2,133,333 $1,500,000 
Industrial Process Heat $62,500,000 $37,500,000 

Photovoltaic 
PV Village Electrification $46,583,333 $13,212,329 
Solar lanterns for Touaregs $1,187,500 $230,000 
PV Powered Pumping Systems for Urban Water Supply $42,500 $25,000 
PV Health and Education Systems $1,179,167 $500,000 
PV Pumping Systems $5,240,000 $1,500,000 
PV Professional applications $2,308,333 $500,000 

Hybrid Configurations 
PV-Diesel Hybrid Systems $355,000 $99,092 
PV -Wind Hybrid Systems (Stand alone) $199,556 $39,312 
PV -Wind Desalination System $1,400,000 $125,265 
Integrated Solar Combined Cycle Plant $273,600,000 $18,810,000 

Hydro 
Micro Hydro Schemes $36,944,444 $15,770,548 

Bio-Energy 
Briquetting and Gasification $175,000 $128,571 
Urban Solid Waste Projects $61,666,667 $9,722,222 
Biogas Systems (Small scale) $240,557,143 $71,565,558 
Biogas Systems (Large scale) $60,814,286 $18,150,685 

Wind 
Wind Farms (Grid tied) $769,000,000 $248,571,429 
Wind Electric (Stand alone) $75,875,000 $24,857,143 

GRAND TOTAL 1,793,674,456 528,727,155 

It can be seen from Table 78 & Figure 37 that meeting the equivalent energy demand through 
the conventional route of gas based electricity, gasoline generators, diesel heaters and butane 
lamps would involve initial investments of only US$529 million compared to the US$1.8 
billion (Including the costs of accompanying measures ) required to implement the 
Renewable Energy Plan. However the life cycle costs of the conventional option works out to 
US$12.5 billion compared to US$4 billion for the renewable energy plan. Therefore the 
renewable energy plan will be an economically superior alternative to pursue compared to the 
conventional baseline. 
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Figure 37: Comparison of investment and lifecycle costs ofRE plan 

Since the economic analysis is sensitive to the prices of hydrocarbon fuels used for heat and 
power a sensitivity analysis was carried out for variations in prices of petroleum derivatives. 
A sensitivity analysis was performed on the cost of petroleum derivatives for price reductions 
by 10% steps. It was found that the conventional hydrocarbon option becomes the 
economically least cost option only at 68% reduction of prices. This further reaffirms the 
economic attractiveness of the Renewable Energy Plan. The sensitivity analysis is shown in 
Figure 38 
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Figure 38: Sensitivity analysis based on petroleum prices 
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In summary the renewable energy plan clearly offers a clear economically viable option 
compared to the hydrocarbon intensive baseline. This economic attractiveness is in addition 
to the social and environmental benefits discussed earlier in this section. 

9.4. Alternate scenarios 

The energy development targets and plans presented in the 10 year plan represented a 
development plan which is considered achievable considering the current state of 
development trends and considering the interest and support by the Moroccan government. In 
this section two alternative scenarios are presented. 

9.4.1. Accelerated growth scenario 

If there are larger resources available from the Moroccan government, matched by the 
international development assistance community and larger contribution from the industry 
more physical achievements can be made. For such a scenario to be realised the 
accompanying measures need to be fast tracked and there should be increased policy support 
from the government of Morocco especially to encourage private sector investments. Table 
79 shows the proposed number of systems to be installed for the Accelerated growth 
scenano. 

Table 79: Proposed systems for the Accelerated growth scenario 

Total 
Number of 

Name Size/Capacity systems 

H!gh Priori!}! 
Solar Thermal Domestic Hot Water Systems 200 Ipd 600000 
Solar Thermal Hot Water Supply for Non Domestic Applications 2500 Lpd 5000 
PV Village Electrification-SHS 50 Wp 200000 
Solar lanterns for Touaregs 25 W~ 20000 
PV Pumping Systems 3 kW~ 1500· 
PV Health and Education Systems 500 W.£ 1000 
Micro Hydro Schemes 25 MW 3 
Wind Farms (Grid tied) 1 MW 3000 
Wind Electric (Stand alone) 100 kW 2000 

Medium J!ri 0 ri!y' 
Industrial Process Heat 1000 ~m 1500 
PV-Diesel Hybrid Configurations 3 kWp 100 
PV-Wind Hybrid Configurations 2 kWp 60 
Integrated Solar Combined Cycle Plant 228 MW 2 
PV-Wind Desalination System 100 kWp 1 
Biogas Systems (Small scale) 60 cum 5000 
Biogas Systems (Large scale) 1000 cum 105 

Low Priority 
Solar Dryers for Small Scale Agricultural Ap2iications 200 ~ 500 
Solar Thermal Space Heating Systems 25 sJiTl1 5000 
Solar Thermal Space Cooling Systems 25 ~m 5000· 
PV Powered Pumping Systems for Urban Water SuJl2ly 100 WR 500 
PV Professional applications 5 kWp 400 
BriQuetting and Gasification 30 Kw 20 
Urban Solid Waste Projects 25 MW 5 
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Table 80 below gives the details of the Capital cost & LCC for each of the RE technologies under the accelerated growth scenario and the 
conventional route (baseline). 

Table 80: Capital cost and LCC for the Accelerated growth scenario and the baseline 

INVESTMENT COST LIFE CYCLE COST 
Accelerated Accelerated 

TECHNOLOGIES FOR MOROCCO Growth Baseline Growth Baseline 

Solar Thermal Space Heating Systems $20,041,667 $6,000,000 $37,546,665 $41,040,582 

Solar Thermal ~~ace Cooling Systems $19,569,444 $6,000,000 $36,661,990 $41,040,582 
Solar Thermal Domestic Hot Water Systems $270,577,778 $120,000,000 $506,908,599 $3,912,411,632 
Solar Thermal Hot Water Supply for Non Domestic Applications $31,166,667 $13,000,000 $58,388,577 $393,914,594 
Solar Dryers for Small Scale Agricultural Applications $11,205,556 $7,500,000 $20,992,827 $30,050,727 
Industrial Process Heat $125,044,444 $75,000,000 $284,279,825 $350,507,270 
PV Village Electrification $46,583,333 $13,212,329 $92,258,206 $182,994,853 

Solar lanterns for Touaregs $2,375,000 $460,000 $4,703,683 $25,393,778 
PV Powered Pumping Systems for Urban Water Supply $224,833 $125,000 $421,210 $1,730,679 
PV Health and Education Systems $2,358,333 $1,000,000 $5,361,506 $7,859,430 
PV Pumping Systems $15,900,000 $4,500,000 $29,787,541 $60,567,436 
PV Professional applications $9,216,667 $2,000,000 $17,266,782 $26,918,861 
PV-Diesel Hybrid Systems $710,000 $198,185 $1,409,519 $2,423,245 
PV -Wind Hybrid Systems (Stand alone) $399,111 $78,625 $907,351 $1,708,884 
PV -Wind Desalination System $1,400,000 $125,265 $3,182,802 $3,318,089 
Integrated Solar Combined Cycle Plant $547,200,000 $37,620,000 $1,244,021,044 $996,496,252 
Micro Hydro Schemes $54,166,667 $23,655,822 $133,977,473 $514,152,436 
Briquetting and Gasification $350,000 $257,143 $655,701 $4,811,552 
Urban Solid Waste Projects $79,166,667 $12,152,778 $148,313,230 $1,206,885,437 
Biogas Systems (Small scale) $522,000,000 $155,577,299 $977,930,601 $2,911,098,682 
Biogas Systems (Large scale) $180,857,143 $54,452,055 $447,337,532 $1,018,884,539 

Wind Farms (Grid tied) $2,313,000,000 $745,714,286 $5,721,044,215 $17,980,357,316 
Wind Electric (Stand alone) $151,750,000 $49,714,286 $375,343,044 $1,198,690,488 

GRAND TOTAL 4,405,263,310 1,328,343,072 10,148,699,923 30,913,257,342 _ .... -
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The proposed rollout plan for the physical achievements for various renewable energy systems under the accelerated growth scenario is given in 
Table 81. 

Table 81: Rollout plan for accelerated growth scenario 

No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

1 Solar Thermal Space 2,500 5,000 7,500 10,000 12,500 20,000 30,000 37,500 125,000 
Heating Systems 

(Collector area in m2 
) 

2 Solar Thermal Space 1,250 1,250 1,250 1,250 12,500 25,000 32,500 50,000 125,000 
Cooling Systems 

(Collector area in m2 
) 

3 Solar thermal domestic 2,000 2,000 6,000 30,000 160,000 200,000 320,000 480,000 1,200,000 
Hot Water Systems 

(Collector area in m2 
) 

4 Solar Hot Water 2,500 5,000 12,500 12,500 17,500 20,000 25,000 30,000 125,000 
Systems for Non 
Domestic Applications 

(Collector area in m2 
) 

5 Solar dryers for 2,000 3,000 5,000 10,000 20,000 20,000 20,000 20,000 100,000 
agriculture 

(Collector area in m2
) 

6 Industrial Process Heat 10,000 10,000 20,000 110,000 200,000 300,000 400,000 450,000 1,500,000 
through Solar Thermal 

(Collector area in m2
) 
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Table 81: Roll Ian fl lerated _______________________ 1 th . (continued) grow __________ 

No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

7 PV Village electrification 250 250 500 1,000 1,250 2,000 2,250 2,500 10,000 
systems (kWp) 

8 Solar lanterns for T ouaregs 10 15 40 60 75 100 100 100 500 
(kWp) 

9 PV Pumping Systems for 1 3 4 5 8 10 20 50 
urban water supply (kWp) 

10 PV health & education 25 50 50 75 75 100 125 500 
systems (kWp) 

11 PV pumping systems 150 150 300 450 900 1,200 1,350 4,500 
(kWp) 

12 PV systems for non- 50 100 200 250 400 500 500 2,000 
domestic use (k W p ) 

13 PV -Diesel Hybrid 30 30 30 60 150 300 
Systems (kW) 

14 PV -Wind Hybrid systems 12 20 20 28 40 120 
(KW) 

15 PV -Wind Desalination 100 100 
system (kW) 

16 Integrated Solar Combined 228 228 456 
Cycle Power Plant (MW) 

17 Micro Hydro power (MW) 25 25 25 75 
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No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

18 Gasification plants with 300 300 600 
briquetting (kW) 

I 

19 Urban waste to energy 25 25 25 25 25 125 
plants (MW) 

20 Small scale Biogas 30,000 30,000 60,000 90,000 90,000 300,000 
systems (m3 of digester 
volume) 

21 Large scale Biogas 
systems (m3 of digester 

5,000 5,000 10,000 10,000 20,000 25,000 30,000 105,000 

volume) 

22 Grid connected Wind 60 140 150 200 200 250 300 400 500 800 3,000 
farms (MW) 

23 Stand alone Wind 10 10 10 20 30 40 40 40 200 
electric generation 
(MW) 

162 



The annual rollout plan contribution for each renewable energy technology under the Accelerated growth scenario is estimated based on the 
annual energy factor mentioned earlier (Table 40). This is given in Table 82. 

Table 82: Annual contribution by renewable energy technologies (GWh/year) 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Solar Thermal 
Solar Thelmal Space Heating Systems 0.48 0.96 1.44 1.92 2.4 3.84 5.76 7.2 

Solar Thermal Space Cooling Systems 0.24 0.24 0.24 0.24 2.40 4.80 6.24 9.60 
Solar Thermal Domestic Hot Water 1.60 1.60 4.80 24.00 128.00 160.00 256.00 384.00 
Systems 
Solar Thermal Hot Water Supply for Non 2.00 4.00 10.00 10.00 14.00 16.00 20.00 24.00 
Domestic Applications 
Solar Dryers for Small Scale Agricultural 1.10 1.64 2.74 5.48 10.95 10.95 10.95 10.95 
Applications 

Industrial Process Heat 2.00 2.00 4.00 22.00 40.00 60.00 80.00 90.00 

Total Solar Thermal 7.42 10.44 23.22 63.64 197.75 255.59 378.95 525.75 

Photovoltaic 
PV Village Electrification-SHS 0.48 0.48 0.96 1.93 2.41 3.86 4.34 4.82 

Solar lantems for Touaregs 0.02 0.03 0.08 0.12 0.14 0.19 0.19 0.19 
PV Powered Pumping Systems for Urban 0.00 0.00 0.01 0.01 0.01 0.02 0.04 
Water Supply 
PV Health and Education Systems 0.05 0.10 0.10 0.14 0.14 0.19 0.24 

PV Pumping Systems 0.29 0.29 0.58 0.87 1.74 2.31 2.60 

PV Professional applications 0.10 0.19 0.39 0.48 0.77 0.96 0.96 

Total PV 0.50 0.95 1.63 3.11 4.06 6.72 8.02 8.86 
- - ... - ..... - ..... - .. _-_.- - - -

Total 

24 
24 
960 

100 

55 
I 

300 
1463 

19 
1 

0 

1 

9 

4 
34 
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Table 82: Annual contribution by Renewable energy technologies (GWh/year)-continued 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

lIybrid Syste~s 

PV -Diesel Hybrid Configurations 

PV -Wind Hybrid Configurations 0.01 0.01 0.01 0.0 

PV -Wind Desalination System 

Integrated Solar Combined Cycle Plant 219.70 220 

Totaillybrid 0.01 219.70 0.01 0.01 219.74 

lIydro 

Micro Hydro Schemes 69.08 69.08 69.08 207 

Totaillydro 69.08 69.08 69.08 207 

Bio 
Briquetting and Gasification 1.31 1.31 3 

Urban Solid Waste Projects 31.94 31.94 31.94 31.94 31.94 160 

Biogas Systems (Small scale) 159.00 159.00 318.00 477.00 477.00 1590 

Biogas Systems (Large scale) 26.50 26.50 53.00 53.00 106.00 132.50 159.00 557 

Total BIO 31.94 58.44 26.50 243.94 213.31 457.25 609.50 667.94 2309 

Wind 
Wind Farms (Grid tied) 152 356 381 508 508 635 762 1,016 1,270 2,032 7,621 

Wind Electric (Stand alone) 25 25 25 51 76 102 102 102 508 

Total Wind 152 356 406 533 533 686 838 1,118 1,372 2,134 8,129 
_ .... -

TOTAL /152 P88 -/414 /823 -/585 /1,066 Ii,2s=cI1,908 /2,369 /3,626 /12,5841 
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Such physical achievements in heat and power generation capacity through renewable energy 
technologies will result in about 12,584 GWh (or 1082 Ktoe ) contribution to the primary 
energy demand in 2015. Such a contribution will represent 6.36% of the primary energy 
demand in 2015. 

Table 83 gives the estimated annual RE contribution for Morocco from 2006 to 2015. The RE 
contribution in GWh is the cumulative contribution from renewable energy technologies 
(Table 82). 

Table 83: Primary Energy consumption & RE contribution for Morocco 

Year Primary Energy RE Contribution RE Contribution RE Contribution 
consumption (Mtoe) (GWh) (Ktoe) 6 % 

(Source :IEA, 2005) 

2006 12.5 152 13 0.10% 
2007 13 540 46 0.36% 
2008 13.5 954 82 0.61% 
2009 14 1777 153 1.09% 
2010 14.5 2362 203 1.40% 
2011 15 3427 295 1.97% 
2012 15.5 4681 403 2.60% 
2013 16 6589 567 3.54% 
2014 16.5 8957 770 4.67% 
2015 17 12582 1082 6.37% 

Figure 39 shows the energy contributions from this accelerated growth scenario against the 
backdrop of the primary energy demand in 2015. 

Conventional Energy 
93.63% 

Renewable Energy 
Contribution 

6.37% 

0.10% 

Hybrid 
0.22% 

Figure 39: Energy Contribution from accelerated growth scenario 

6 1 GWh = 0.086 Ktoe 

Solar Thermal 
0.74% 

PV 
0.02% 
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The Figure 40 shows the annual contribution by the renewable energy sources in ktoe against 
the backdrop of the projected increase in primary energy consumption from 2006 to 2015. 
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Figure 40: Annual contribution by RE to primary energy 

Table 84 indicates the total manpower requirement per year for Installation, Operation and 
Maintenance (0 & M) ofRE technologies during the 10 year period. This is estimated based 
on the parameters given in Table 49 & Table 50: Number of Mandays for Installation, 0 & M 
per system. 

Table 84: Total Manpower requirement 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Technicians 11 17 98 90 161 552 1,629 1,517 2,390 3,245 9,710 
Engineers 4 6 36 33 54 186 544 504 796 1,080 3,243 
Managers 2 4 20 20 26 96 270 254 395 542 1,629 
Total 17 27 154 143 241 834 2,443 2,275 3,581 4,867 14,5g2 

An estimated 1286 teaching staffwill be recruited for the educational sector to respond to this 
demand for management, marketing, installation and service personnel. This is shown in 
Table 85. 

Table 85: Total Requirements of teachers 

Course 
Students in duration 
Courses for in years 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 

Technicians 2 12 15 24 96 135 102 147 63 18 612 

Engineering 4 10 30 50 82 108 66 26 0 0 372 

Management 5 20 28 46 74 74 40 20 0 0 302 
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There will be reduction of2,784,000 tonnes/year of CO2, and the reductions in S02, NOx and 
CO will be 35,000; 18,000 and 28,000 tonnes/year respectively by 2015. The displaced 
emissions during the 10 year period are shown in Table 86. 

Table 86: Displaced emissions during the 10 year period 

Year RE contribution CO2 NOx CO (kt) S02 (kt) 
(%) (kt) (kt) 

2006 0.10% 34 0 0 0 

2007 0.36% 119 1 1 1 

2008 0.61% 211 1 2 3 

2009 1.09% 393 3 4 5 

2010 1.40% 523 3 5 6 

2011 1.97% 758 5 8 9 

2012 2.60% 1036 7 10 13 

2013 3.54% 1458 10 15 18 

2014 4.67% 1982 13 20 25 

2015 6.37% 2784 18 28 35 

The societal costs US$32; US$10,473; US$636 and US$2,194 for each tonne of C02, NOx, 
CO and S02, (Stockholm Environmental Institute,2004) avoided by these GHG emission 
reductions in 2015 are US$ 375.6 million. This is shown in Table 87. 

Table 87: Avoided societal costs 

Year C02 (US$) NOx (US$) CO (US$) S02 (US$) Total (US$) 

2006 1,079,04 2,333,424 216,723 920,153 4,549,404 
2007 3,823,120 8,267,004 767,819 3,259,978 16,117,920 
2008 6,756,777 14,610,660 1,357,001 5,761,51 I 28,485,950 
2009 12,583,390 27,209,961 2,527, I 93 10,729,871 53,050,415 
2010 16,723,742 36,162,939 3,358,723 14,260,354 70,505,757 
201 I 24,269,172 52,478,960 4,874,114 20,694,350 102,3 I 6,595 
2012 33,144,392 71,670,481 6,656,574 28,262,261 139,733,708 
2013 46,652,636 100,880,320 9,369,510 39,780,755 196,683,22 I 
2014 63,421, I 95 137,140,169 12,737,234 54,079,325 267,377,923 
2015 89,090,360 192,646,433 17,892,516 75,967,450 375,596,759 
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9.4.2. Business as usual scenario 

In the event of constraints in resources and time owing to lower levels of support from the 
donors, as well as delays in implementing the accompanying measures, the renewable energy 
plan may need to focus on a set of high priority technologies and limit developments in other 
renewable energy technologies. A list of such high priority technologies to be focussed upon 
is listed below. The specifications and scope of application for each technology is given in 
Table 24 in section 9.8 in chapter 9. 

o Solar Hot water systems - domestic and non-domestic; 

o PV village electrification- standalone and mini-grids; 

o Solar lanterns for Touaregs; 

o PV pumping systems for irrigation; 

o PV - Wind Hybrid systems; 

o Integrated Solar Combined Cycle Power Plant 

o Hydro energy developments - small and mini hydro and canal drop hydro; 

o Urban waste to energy plants 

o Small scale Biogas systems 

o Wind Electricity Generation - grid connected wind farms. 

The technologies were prioritised based on the current situation and the priority set by the 
Moroccan government (Cder, 2004). The development of institutions and the studies will be 
delayed and the level of activities and staffing of the institutions will also be lowered for this 
scenarIO. 

Table 88 shows the proposed technology priorities for various renewable energy systems 
under the business as usual scenario. 

Table 88: Proposed systems for the Business as Usual scenario 

Total 
Size/ Number of 

Name Capacity systems 
Solar Thermal Domestic Hot Water Systems 200 lpd 300000 
Solar Thermal Hot Water Supply for Non Domestic 
Applications 2500 Lpd 1000 
PV Village Electrification-SHS 50 Wp 200000 
Solar lanterns for Touaregs 25 Wp 3000 
PV Pumping Systems 3 kWp 500 
PV -Wind Hybrid Configurations 2 kWp 3 
Integrated Solar Combined Cycle Plant 228 MW 1 
Urban Solid Waste Projects 25 MW 1 
Micro Hydro Schemes 25 MW 1 
Wind Farms (Grid tied) 1 MW 500 
Biogas Systems (Small scale) 60 cum 200 
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The cost of implementation will be less than US$O.90 billion and the life cycle cost is around US$2 billion. The detail of Capital costs and LCC 
for the Accelerated scenario is shown in (Table 89). 

Table 89: Capital cost and LCC for the Business as Usual Sscenario and the baseline 

INVESTMENT COST LIFE CYCLE COST 
Accelerated Accelerated 

TECHNOLOGIES FOR MOROCCO Growth Baseline Growth Baseline 

Solar Thermal Domestic Hot Water Systems 
$135,222,222 $60,000,000 $253,329,404 $1,956,205,816 

Solar Thermal Hot Water Supply for Non Domestic Applications 
$5,805,556 $2,600,000 $10,876,304 $78,782,919 

PV Village Electrification 
$46,583,333 $13,212,329 $92,258,206 $182,994,853 

Solar lanterns for Touaregs 
$354,583 $69,000 $702,252 $3,809,067 

PV Pumping Systems 
$5,240,000 $1,500,000 $9,816,775 $20,189,145 

PV-Wind Hybrid Systems (Stand alone) 
$20,667 $3,931 $46,984 $85,444 

Integrated Solar Combined Cycle Plant 
$273,600,000 $18,810,000 $622,010,522 $498,248,126 

Micro Hydro Schemes 
$18,333,333 $7,885,274 $45,346,222 $171,384,145 

Urban Solid Waste Projects 
$15,833,333 $2,430,556 $29,662,646 $241,377,087 

Biogas Systems (Small scale) 
$20,995,714 $6,223,092 $39,334,007 $116,443,947 

Wind Farms (Grid tied) 
$386,875,000 $124,285,714 $956,908,336 $2,996,726,219 

GRAND TOTAL $908,863,742 $237,019,896 $2,060,291,656 $6,266,246,769 

169 



The proposed rollout plan for the physical achievements for various renewable energy systems under the business as usual scenario is given in 
Table 90. 

Table 90: Rollout plan for business as usual scenario 

No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

Solar thermal domestic 

1 
Hot Water Systems 

(Collector area in m2 
) 

1,000 3,000 16,000 80,000 100,000 160,000 240,000 600,000 

Solar Hot Water 

2 
Systems for Non 
Domestic Applications 

(Collector area in m2 
) 

1,250 1,250 1,250 2,500 2,500 5,000 11,250 25,000 

PV Village 

3 
electrification systems 

(kWp) 250 250 500 1,000 1,250 2,000 2,250 2,500 10,000 

Solar lanterns for 

4 Touaregs 

(kWp) 
2.50 2.50 6.25 6.25 12.50 12.50 12.50 20 75 

PV pumping systems 

5 
(kWp) 

105 210 390 390 405 1,500 
PV -Wind Hybrid 

6 
systems (KW) 2 2. 2 6 
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No Energy 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
System/Technology 

7 Integrated Solar 
228 228 

Combined Cycle Power 
Plant (MW) 

8 Micro Hydro power 
25 25 

(MW) 

9 Urban waste to energy 
25.00 25 

plants (MW) 

10 Small scale Biogas 
600 900 3,000 3,000 4,500 12,000 

systems (m3 of digester 
volume) 

11 Grid connected Wind 
5 50 50 50 50 50 50 75 120 500 

farms (MW) 
- -

The annual rollout plan contribution for each renewable energy technology under the Business as usual scenario is estimated based on the annual 
energy factor mentioned earlier (Table 40). This is given in Table 91. 
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Table 91: Annual contribution by renewable energy technologies (GWh/year) 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Solar Thermal 
Solar Thermal Domestic Hot Water Systems 0.8 2.4 12.8 64.0 80.0 128 192 480 

Solar Hot Water Supply for Non Domestic Applications 1.0 1.0 1.0 2.0 2.0 4.0 9.0 20 

Total Solar Thermal 2 3 14 66 82 132 201 500 

Photovoltaic 
PV Village Electrification-SHS 0.5 0.5 1.0 1.9 2.4 3.9 4.3 4.8 19 

Solar lanterns for Touaregs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 

PV Pumping Systems 0.2 0.4 0.8 0.8 0.8 3 

Total PV 0.5 0.5 1.0 2.1 2.8 4.6 5.1 5.6 22 

Hybrid Systems 
PV -Wind Hybrid Configurations 0.01 0.01 0.01 0 

Integrated Solar Combined Cycle Plant 220 220 

Total Hybrid 0.01 220 0.01 0.01 220 
Hydro 

Micro Hydro Schemes 69 69 

Total Hydro 69 69 

Bio 

Urban Solid Waste Projects 32 32 

Biogas Systems (Small scale) 3 5 16 16 24 64 

Total Bio 35 5 16 16 24 96 

Wind 

Wind Farms (Grid tied) 13 127 127 127 127 127 127 191 305 1270 

Total Wind 13 127 127 127 127 127 127 191 305 1270 

TOTAL 13 128 129 131 178 489 230 344 535 2177 

172 



Such physical achievements in heat and power generation capacity through renewable energy 
technologies will result in about 2,177 GWh (or 187 Ktoe) contribution to the primary energy 
demand in 2015. Such a contribution will represent 1.10% of the primary energy demand in 
2015. 

Table 92 gives the estimated annual RE contribution for Morocco from 2006 to 2015. The RE 
contribution in GWh is the cumulative contribution from renewable energy technologies 
(Table 91). 

Table 92: RE contribution for the Business as Usual Scenario 

Year Primary Energy RE Contribution RE Contribution RE Contribution 
consumption (Mtoe) (GWh) (Ktoe) 7 % 

(Source :IEA, 2005) 

2006 12.5 0 0 0.00% 
2007 13 13 1 0.01% 
2008 13.5 140 12 0.09% 
2009 14 269 23 0.17% 
2010 14.5 401 34 0.24% 
2011 15 579 50 0.33% 
2012 15.5 1068 92 0.59% 
2013 16 1298 112 0.70% 
2014 16.5 1641 141 0.86% 
2015 17 2177 187 1.10% 

The energy contnbutIOn from the busmess as usual scenano will be 1.10 % of the pnmary 
energy consumption in 2015 (Figure 41). 
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Figure 41: Energy contribution from business as usual scenario 

7 1 GWh = 0.086 Ktoe 
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The Figure 42 shows the annual contribution by the renewable energy sources in ktoe against 
the backdrop of the projected increase in primary energy consumption from 2006 to 2015 
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Figure 42: Annual contribution by RE to primary energy 

Table 93 indicates the total manpower requirement per year for Installation, Operation and 
Maintenance (0 & M) of RE technologies during the 10 year period. This is estimated based 
on the parameters given in Table 49 & Table 50: Number of Mandays for Installation, 0 & M 
per system. 

Table 93: Total Manpower requirement 

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 
Technicians 0 1 48 38 87 257 780 720 1,154 1,589 4,674 
Engineers 0 1 17 12 29 89 262 239 385 529 1,563. 
Managers 0 1 9 7 14 46 132 119 192 265 785 
Total 0 3 74 57 130 392 1,174 1,078 1,731 2,383 7,022 

An estimated 631 teaching staff will be recruited for the educational sector to respond to this 
demand for management, marketing, installation and service personnel. This is shown in 
Table 94. 

Table 94: Total Requirements of teachers 

Course 
Students in duration 
Courses for in years 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 

Technicians 2 6 9 12 45 63 51 75 30 6 297 

Engineering 4 6 16 24 40 52 32 14 0 0 184 

Management 5 10 14 24 36 36 20 to 0 0 150 
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There will be reduction of 482,000 tonnes/year of CO2, and the reductions in S02, NOx and 
CO will be 6,000; 3,000 and 5,000 tonnes/year respectively by 2015. The displaced 
emissions during the 10 year period are shown in Table 95. 

Table 95: Displaced emissions during the 10 year period 

Year RE contribution CO2 NOx CO (kt) S02 (kt) 
(%) (kt) (kt) 

2006 0.00% 0 0 0 0 

2007 0.01% 3 0 0 0 

2008 0.09% 31 0 0 0 

2009 0.17% 60 0 1 1 

2010 0.24% 89 1 1 1 

2011 0.33% 128 1 1 2 

2012 0.59% 236 2 2 3 

2013 0.70% 287 2 3 4 

2014 0.86% 363 2 4 5 

2015 1.10% 482 3 5 6 

The societal costs US$32; US$10,473; US$636 and US$2,194 for each tonne of C02, NOx, 
CO and S02, (Stockholm Environmental Institute,2004) avoided by these GHG emission 
reductions in 2015 are US$ 65 million. This is shown in Table 96. 

Table 96: Avoided societal costs 

Year 
C02 (US$) NOx (US$) CO (US$) S02 (US$) Total (US$) 

2006 - - - - -
2007 89,925 194,452 18,060 76,679 379,117 
2008 992,627 2,146,429 199,355 846,414 4,184,825 
2009 1,908,072 4,125,961 383,209 1,627,015 8,044,257 
2010 2,838,310 6,137,481 570,034 2,420,230 11,966,055 
2011 4,099,138 8,863,859 823,253 3,495,340 17,281,590 
2012 7,563,949 16,356,067 1,519,110 6,449,788 31,888,915 
2013 9,189,189 19,870,439 1,845,516 7,835,632 38,740,776 
2014 11,621,370 25,129,716 2,333,985 9,909,555 48,994,625 
2015 15,411,458 33,325,294 3,095,169 13,141,368 64,973,288 
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9.5. Summary 

Table 97 gives a comparison of some key parameters for the RE plan and the two alternate 
scenarIOS. 

Table 97: Comparison of scenarios of the renewable energy plan 

Renewable Accelerated Business as Usual 
Energy Plan Growth Scenario Scenario 

Energy Contribution in 2015 2.48% 6.36% 1.10% 

Energy Contribution (GWh) 4897 12584 2177 

Energy Contribution (ktoe) 421 1082 187 

Total Investment Costs (US$) 1,8 billion 4.40 billion 0.90 billion 

Total Lifecycle Costs(US$) 4 billion 10 billion 2 billion 

Employment Generation 8,646 15,868 7,653 

Technicians 5,286 9,710 4,674 

Engineers 1,770 3,243 1,563 

Managers 893 1,629 785 

Teachers 697 1,286 631 

Emission reduction 

CO2 (Tonnes/year) 1083,000 2784,000 482,000 

NOx (Tonnes/year) 7,000 18,000 3,000 

CO (Tonnes/year) 11,000 28,000 5,000 

S02 (Tonnes/year) 13,000 35,000 6,000 

Societal Cost Avoided 146,154,757 375,596,759 64,973,288 

(US$/year) 

CO2 (US$/year) 34,667,445 89,090,360 15,411,458 

NOx (US$/year) 74,963,886 192,646,433 33,325,294 

CO (US$/year) 6,962,457 17,892,516 3,095,169 

S02 (US$/year) 29,560,969 75,967,450 13,141,368 
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CHAPTER TEN 

CONCLUSIONS & RECOMMENDATIONS 



10. CONCLUSIONS & RECOMMENDATIONS 

The Kingdom of Morocco, a country with a very low endowment of fossil fuels, is the largest 
energy importer in northern Africa. Morocco relies on imports for nearly 90 % of its energy 
needs, with the total cost of its imports fluctuating between US$l billion and US$1.5 billion 
per year. However, the country is well endowed with renewable energy resources. Although 
Moroccan energy consumption and Green House Gas (GHG) emissions are not large, they 
are projected to increase significantly in the coming years For Morocco to move towards 
greater sustainability the future energy developments must reduce expected GHG emissions, 
some of which may be achieved through the use of renewable energy technologies. 

The purpose of this thesis is to investigate the feasibility of renewable energy sources in 
meeting the Moroccan national energy balance thereby reducing dependence on conventional 
energy sources and leading to environmentally sound and sustainable development. This 
purpose becomes appropriate in the current global scenario where global interest and 
investments in renewable energy have grown significantly. 

Technologies such as photovoltaics (PV) are witnessing sustained high annual growth rates 
that are driven by large-scale market development programmes. These large developments 
primarily in Europe and Asia are resulting in large scale manufacturing as well as component 
development initiatives of which Morocco can take advantage to develop it's relatively small 
PV industry. 

Also solar thermal technologies especially solar water heating are considered mature with 
large markets existing in India, China, Tunisia, Greece where the solar thermal energy 
systems have made a significant contribution to energy supply. Such markets were driven by 
regulation and incentives and Morocco could follow the examples. Also relevant are 
technologies such as solar heating, cooling, drying and electricity generation that have been 
demonstrated successfully globally and needs to be demonstrated in the Moroccan context. 

Another renewable energy technology that has witnessed large-scale developments is wind 
energy where very large European developments are driving the market. The majority of 
these developments have been driven by the private sector with the respective governments 
creating favourable policies that encourage investments. Regional countries such as Egypt 
have embarked on this process with encouraging results. It should be possible for Morocco to 
follow these examples to encourage private sector participation in wind energy. 

The global trend in hydro is towards smaller developments in the form of small hydro power 
where the relative environmental impacts are minimal. Such an option can also be pursued in 
Morocco through small hydro power and canal drop schemes. 

The biological and thermo-chemical routes for biomass energy conversion currently generate 
large amounts of heat and power globally. Biomass could play an important role in the 
Moroccan energy mix and need to be pursued. 

Geothermal energy provides large amounts of power in the Americas and Southeast Asia. 
The application of this technology in the Moroccan context needs to be examined. 

The renewable energy programmes are currently being carried out by a number of 
government bodies such as the Ministry of Energy & Mining, Ministry of Territory 
development, Water and Environment, Ministry of Agriculture, Ministry of Industry, Trade 
and Economy Upgrading, Interior Ministry, etc. Many of these activities have been carried 
out with very little co-ordination. 
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The Moroccan renewable energy industry is in the early stages of development but capacity 
exists in solar hot water, photovoltaics and wind energy. The industry is largely in the public 
sector. 

At present the lack of a co-ordinating body currently is considered to be a major barrier to 
renewable energy development in Morocco. The current energy policy also does not give 
adequate importance to the use of renewable energy as it centres on fossil fuel resources. 
Very few policies exist which deal with renewable energy and the ones which exist deal with 
PV technologies. There are laws for investment promotion that can be applied for 
investments in renewable energy. 

The financial sector in Morocco currently consists of public financial and banking institutions 
which are regulated by the central bank. Lending by these banks is predominantly to public 
establishments and the share of private sector lending is small. There has been no major 
financing for renewable energy systems by the Moroccan banks although finance can be 
obtained in theory from some of the banks. 

The quality assurance framework in Morocco currently consists of Centre for Renewable 
Energy (CDER). Several standards and codes for solar water heating systems have been 
developed by CDER. However standardisation efforts have been limited to Photovoltaic 
Modules, Batteries, and Solar Water Heating Systems. The ISO quality systems certification 
is popular with the Moroccan industry. 

Research, Development and Demonstration (RD&D) programmes in renewable energy have 
been carried out primarily by CDER and the Ministry of Energy & Mining. The RD&D 
programmes in Moroccan universities have been rather limited, owing to the lack of 
infrastructure and finances. The RD&D programmes have so far included only solar and wind 
energy technologies. And the major technologies which have received support are 
photovoltaics and solar thermal. 

Training and capacity building in renewable energy technologies have generally been done 
under specific projects and initiatives apart from the formal courses at CDER. There have 
been no major efforts noticed from the government's side for generic promotion of renewable 
energy technologies. The Industry consisting of the public and private sector enterprises 
resorts to brand specific promotion through the media and expositions. 

Internationally, there are emerging financing mechanisms for renewable energy such as the 
Clean Development mechanism (CDM) and Joint Implementation (11), the flexibility 
mechanisms under the Kyoto Protocol to the Framework Convention on Climate Change 
(FCCC) as well as Tradable Green Certificates (TGC). These mechanisms offer an 
opportunity to internalise the external environment costs, thereby improving the project 
economics. However Morocco will need to initiate internal mechanisms and put in place 
institutional structures to take advantage of these emerging opportunities. 

Several barriers exist currently for renewable energy developments in Morocco. Some of 
these are subsidies to the conventional energy sector, dominance of the public sector in the 
renewable energy industry, limited awareness of the benefits, lack of favourable policies, 
tariffs and incentives, underdeveloped human resource, inadequate official development 
assistance and limited interface for RD&D institutions. However the biggest barrier is the 
absence of an organisational set-up with a responsibility for renewable energy that can drive 
the developments. 

Morocco can also adapt policy interventions in other countries such as India that have led to 
larger market developments. 
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The solar resource is considerable and is available throughout the year. There are good wind 
resources in the north and the western coastal regions some of which are close to major 
population centres. The preliminary estimate of the technical potential for solar & wind 
energy developments in Morocco are around 35-50MW/knl and 6,000 MW respectively. 

The hydro power resources in Morocco are constrained by the precipitation levels in the 
country and depend on the flow in international rivers. Most of the available hydropower 
potential has been harnessed and scope remains to harness micro or small hydro power. 

Morocco also generates large amounts of agro-residues apart from human and animal wastes. 
Forests also contribute a significant share of the biomass generated. 

The food processing industries in Morocco also generates significant amounts of solid and 
liquid waste. Many of the large cities in Morocco such as Rabat, Casablanca, Marrakech, 
Agadir etc generate large amounts of solid waste which presents a potential for conversion to 
energy. 

Theoretical estimates seem to offer scope for geothermal energy in Morocco but the potential 
need to be estimated based on a scientific resource assessment. 

Good prospects exist for development of solar thermal energy in Morocco; prospects for solar 
water heating exist in the domestic households, Hammams, commercial and light industrial 
sector. Potential for solar space heating and cooling exist in the commercial and industrial 
establishments and in heating of residential districts. There is also a potential for solar drying 
in the fruit and tobacco industries. Potential for the use of solar energy for processing heat 
exists in textile, fertilizer and similar industries. There is already a prospect for solar 
electricity through a large solar field integrated into a gas based combined cycle power plant, 
in the North. 

Photovoltaic is another solar energy technology that offers good prospects in Morocco. PV 
can playa role in electrification of unelectrified villages as well as to provide electrification 
of the Touaregs in the South. PV can also power water pumps for micro-irrigation and the 
urban domestic water supply. Other applications of PV could be to provide lighting and 
refrigeration to health centres and for electrifying remote educational establishments. 
Possibilities also exist in powering PV systems for non-domestic use for drinking water 
supply, street lighting, power packs, banking and telecom applications. 

Prospects for wind electricity generation exist as large grid connected wind electricity 
developments as well as stand-alone wind electricity generation. 

Potential also exists for hydro power developments as small hydro projects and canal drop 
schemes. 

Solar and wind energy resources can be hybridised in locations where resources are 
complimentary to provide better economics. Apart from power generation Wind-PV hybrid 
systems can also be used for water desalination on the Mediterranean coast. It is also 
possible to hybridise fossil fuel generators with solar to produce similar results. 

There is potential for a number of institutional biogas plants in the government farms, olive 
presses and slaughter houses apart from the potential for family size biogas plants. The large 
amount of solid agricultural, agro-processing and forest residues can be densified, gasified 
and the resultant gas used to power an internal combustion engine-generator to produce 
electricity. 
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Another significant energy generation possibility is through incineration of municipal solid 
waste in large Morocccan cities such as Rabat, Casablanca, Marrakech, Agadir which could 
generate electricity. 

These prospects can be realised in a co-ordinated and planned manner through the proposed 
Renewable Energy Plan that seeks to increase the contribution from renewable sources of 
energy. The plan consists of two components - The Energy Development Plan and 
Accompanying Measures Plan. While the energy development plan consists of developments 
in wind, bioenergy, solar, hydro and hybrid systems that directly contribute to increasing the 
share of renewable energy in the primary energy supply, accompanying measures consists of 
studies, capacity building, promotional and institutional development efforts that facilitate the 
energy developments. The planning horizon is from 2006 to 2015 and the activity 
descriptions, plans, cost implications, sources of finance, benefits and alternatives are 
presented. 

The energy developments cover six renewable energy technologies such as solar thermal, 
photovoltaics, wind energy, bio energy, hydro energy and hybrid systems. Depending upon 
their level of maturity and commercial status, these technologies pass through one or more 
stages of the energy development plan namely - Research, Development and Demonstration, 
Pilot Projects and Bankable Projects. The total resources required to implement the energy 
development plan is US$I. 79 billion and the contribution to primary energy supply in 2015 is 
421 ktoe which represents 2.48% of the energy demand. The major energy developments 
during the plan will be in wind energy, bio-energy, solar thermal and hybrid systems. . 

The accompanying measures consist of three major components - Studies, Training and 
Promotion and Institutional Development. There are 26 studies which are required to be 
carried out covering areas such as policy, institutional/financing issues, capacity building and 
renewable energy technologies. Five types of training and promotional activities are proposed 
consisting of training, international conferences, publicity campaigns and trade fairs. The 
institutional development activities are the most important and command the largest share of 
efforts and resources. The institutional development effort will establish two new 
organisations - The Apex Body and the Moroccan Renewable Energy Industries Association. 
There will also be major capacity building and upgrading of the Moroccan Quality Assurance 
System, Higher Education System and the Energy Meteorological network. The 
accompanying measures plan will require about US$4.3 million to implement of which about 
70% would be directed towards institutional development. 

Based on the current trends in official development assistance and private sector participation 
in renewable energy, it is estimated that 61 % of the plan costs including both the components 
will be financed by industry, 20% by development assistance agencies and 19% by the 
government. The government and donor resources finance mostly the non-commercial 
activities such as accompanying measures and RD&D. There will also be a total of 8646 jobs 
created for technicians, engineers, managers, and teachers. In addition, major reductions are 
expected in GHG emissions that are a direct result of displacement of fossil fuel sources with 
renewable energy. 

Economic analysis of all the renewable energy technology options against the conventional 
baselines of gas based electricity generation, diesel heaters, gasoline generators and butane 
lamps revealed that the investment costs of the conventional options would be only US$529 
million as against US$1.8 billion for the renewable energy plan. However, the life cycle costs 
of the conventional options will be US$12.5 billion, in comparison with US$4 billion for the 
renewable energy options. This shows the economic advantages of pursuing the renewable 
energy plan as against the conventional energy developments that are proj ected to occur. 
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There could also be alternative scenarios where higher or lower growth rates can occur in 
energy developments. An accelerated growth scenario will be the result of increased policy 
support and resource allocation. This will result in significant increases in the implementation 
costs compensated by the relative increase in energy contribution (1082 ktoe) which 
represents 6.36 %. In the case of the business as usual scenario where time and resource 
constraints will necessitate lower growth in developments, a focussed growth strategy to 
optimise the resources is suggested. Such a strategy will result in significant reductions in 
implementation costs but relatively smaller decrease in the energy contribution (187 ktoe) 
which represents 1.10 %. 

10.1. Summary o/Conclusions 

Some of the main conclusions that can be drawn from the proposed Renewable Energy Plan 
for the Kingdom of Morocco are: 

D The energy developments under the 10 year plan will be dominated by wind, bio-energy, 
solar and hybrid system developments. The specific technologies which will make large 
contributions from Renewable energy technologies are wind electric and solar PV 
systems; 

D Several of the renewable energy technologies involve Research, Development and 
Demonstration (RD&D) where applied research on systems and components are carried 
out. Several other technologies need to be piloted before large-scale commercial or near 
commercial developments could start. The RD&D phase will be dominated by solar and 
hybrid systems while the pilot phase will be dominated by bioenergy and wind; 

D Bankable projects involving the commercial and quasi-commercial developments will 
require the major share of resources and will contribute to majority of the capacity 
additions. The key technologies comprising of the bankable projects will be wind, 
bioenergy and solar thermal; 

D The energy development plan will need to be facilitated by a set of accompanying 
measures involving institution and capacity building, promotion and studies. The 
institutional development will involve creation of new institutions such as the Apex 
body, MREIA, and upgrading of the education, quality assurance and energy 
meteorological systems. The establishment of the Apex body is the most important 
accompanying measure and should be initiated immediately. The other accompanying 
measures and energy developments will be driven/co-ordinated by the Apex body; 

D The majority of the costs of the plan will come from the industry that will drive 
commercial developments followed by donor assistance to support accompanying 
measures and RD&D. The relatively small governmental contribution is likely to yield 
almost four times the contribution from other sources; 

D Large-scale employment opportunities will be generated for technical personnel, 
managers and teachers apart from officials of the newly created institutions. There will 
also be significant reductions in GHG emissions through displacement of fossil fuel 
sources by renewable energy sources. These will also result in avoiding major economic 
costs associated with the after-effects; 

D The economic analysis reveals the economic superiority of the renewable energy plan in 
comparison to using gas, diesel, gasoline and butane as the primary sources. The 
economic attractiveness is only affected when the hydro carbon fuel prices drop 
considerably to very low levels; 
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o Costs of renewable energy systems have been compared with conventional energy 
systems on the basis of life cycle costs. The lower cost of renewable energy systems on 
life cycle cost basis, lends further credence to the proposals made in this thesis. 

o There may be alternatives to the RE plan where accelerated or constrained growth may 
occur. In the constrained growth case, a focussed approach is advocated to optimise 
efforts and resources; 

In summary the renewable energy plan being proposed in this thesis is considered to be a 
socio-economically superior alternative than a conventional hydrocarbon based energy 
development. The 10 year plan clearly contributes to the envisaged purpose of increasing 
renewable energy contribution in the primary energy balance bringing significant social and 
environmental benefits into the process. The plan is also expected to leverage significant 
resources from the donors and the industry in comparison to the governmental contribution. 

Real progress and well-being can be achieved only through an integrated approach that takes 
into account lessons learned from experience, the different requirements of different 
components of the social and environmental framework, the importance of diffusing 
information and awareness amongst the public and the necessity to harmonise economic 
development with natural environment and culture. 

The proposed Renewable Energy plan could set Morocco on the path to a sustainable energy 
system with associated economic benefits setting a model for other African and developing 
countries to follow. 

182 



REFERENCES 



REFERENCES 

1. Abdelkrim Rimi. First Assessment of Geothermal; Resources in Morocco, 2000. 

2. Abderrahim Jamrani. The Moroccan General Rural Electrification 
Programme(PERG): -Office National de l'elecricite (ONE),2002. 

3. Adapted from "Concentrating Solar Power in 2001: An IEAlSolarPACES Summary 
of present status and future prospects", 2001. 

4. APIER - Renewable Energy Revue of Morocco, 2003. 

5. Arnulf Jager-Waldau PV Status Report. Research, Solar Cell Production and Market 
Implementation of Photovoltaics - 2005. 

6. Arun K. Tripathi, P. V. R. Iyer and Tara Chandra Kandpal. A techno-economic 
evaluation of biomass briquetting in India. Biomass and Bioenergy, 1998. 

7. Berdai M. 'Renewable Energy in Morocco: Limits and Prospects', Proceedings of the 
African High-Level Regional Meeting on Energy and Sustainable Development for 
the Ninth Session on the Commission on Sustainable Development. Denmark: UNEP 
Collaborating Centre on Energy and Development, 2001. 

8. BTM Consulting, 2005; lEA 2005. 

9. Chandrasekar.Band T. C. Kandpal. Techno-economic evaluation of domestic solar 
water heating systems in Renewable Energy, 2004. 

10. Chandrasekar.B and T. C. Kandpal-Effect of financial and fiscal incentives on the 
effective capital cost of solar energy technologies to the user. Solar Energy, 2005. 

11. D. Diakoulaki and F. Karangelis. Multi-criteria decision analysis and cost-benefit 
analysis of alternative scenarios for the power generation sector in Greece. 
Renewable and Sustainable Energy Reviews, 2005. 

12. Debyani Ghosh, P.R. Shukla, Arnit Garg ,Po Venkata Ramana. Renewable energy 
technologies for the Indian power sector: mitigation potential and operational 
strategies-2002 

13. D.L. Talavera, G. Nofuentes, J. Aguilera and M. Fuentes Tables for the estimation of 
the internal rate of return of photovoltaic grid-connected systems. Renewable and 
Sustainable Energy Reviews, 2005. 

14. D. Zejli, R. Benchrifa, A. Bennouna and K. Zazi: Economic analysis of wind
powered desalination in the south of Morocco. Desalination, 2004. 

15. Emil ter HOrst, Zhang Cheng. PV Market and industry development in China. 
Impacts ofPV programs and technology improvement. TaqSolre 2006 

16. E. Natarajan, A. Nordin and A. N. Rao. Overview of combustion and gasification of 
rice husk in fluidized bed reactors Biomass and Bioenergy, 1998. 

17. European Commission. Utilization of Renewable Energies in Rural Areas III 

Morocco, Tunisia and Jordan. Brussels, Belgium: European Commission, 1995. 

183 



18. European - North African Solar Energy Symbiosis. 

19. European Solar Thermal Industry http://www.estif.org/ 

20. Fairman K., Wind Electric Water Pumping: Naima Commune, Morocco, 
www.colby.edulpersona1it/thtietenienermor.html. Morocco: National Renewable 
Energy Laboratory, 1999. 

21. Financing the development of RE in the Mediterranean region. Baseline Study for 
Morocco, 2003. 

22. F. Lemmini and A. Errougani: Building and experimentation of a solar powered 
adsorption refrigerator. Renewable Energy, 2005. 

23. Gajanana K Hegde, Remeche Madomercandy and Binu Parthan Solar Hybrid Power 
Systems: An overview, Postgraduate Programme Renewable Energy - PPRE. 
Renewable Energy for Sustainable Development, ISBN 3-8142-0837-4, University of 
Oldenburg, 2003 

24. G Boyle, Renewable energy, power for a sustainable future, , 1996, 

25. Gehard Kniesand & Abdelaziz Benouna Potential of Moroccan renewable energies 
for the defence against climate change,2005. 

26. Gupta C.L, Silver Jubilee Lecture on India's Energy security Twenty Five Years of 
Endeavor Towards a Solar Future-Dec 2001 

27. H. A. van der Linde. The impact of renewable energy on education in developing 
countries in Africa Renewable Energy, 1994. 

28. Hao Zhong ,Chaofeng Xia, Huilong Luo, Runsheng Tang and Solar thermal 
utilization in China. Solar Energy Research Institute, Yunnan Normal University, 
Kunming 650092, China, 2004 

29. Harald Winkler. Renewable energy policy in South Africa: policy options for 
renewable electricity. Energy Policy, 2005. 

30. H. Nfaoui, J. Buret and A. A. M. Sayigh: Wind characteristics and wind energy 
potential in Morocco. Solar Energy, 1998. 

31. H. Nfaoui, J. Buret, A. A. M. Sayigh and P. D. Dunn: Modelling of a wind/diesel 
system with battery storage for Tangiers, Morocco. Renewable Energy, 1994. 

32. LM. Bugaje. Renewable energy for sustainable development in Africa: a review 
Renewable and Sustainable Energy Reviews, 2006 

33. Indian Renewable Energy Development Agency- IRED A Annual Report 2004-2005 

34. Indu R. Pillai and Rangan Banerjee-Methodology for estimation of potential for solar 
water heating in a target area -Solar Energy, 2005. 

35. International Hydropower & Dams World Atlas and Industry. 

36. IREDA, Annual Reports (2000, 2001,2002, 2003, 2004, 2005) 

37. IT Power Business Model. 2002 

38. J. Cao, and R. N. Christensen, Modeling an Integral Dual Solar/Gas-Fired Generator 
for a Water-Lithium Bromide Absorption Chiller- Journal of Energy Resources 
Technology, 2000. 

184 



39. Joanna Lewis. Wind Power Technology Localization: A Review ofIntemational 
Experience. Center for Resource Solutions & Lawrence Berkeley National 
Laboratory.2004 

40. Jlirgen Dersch, Michael Geyer, Ulf Herrmann, Scott A. Jones, Bruce Kelly, Rainer 
Kistner, Winfried Ortmanns, Robert Pitz-Paal and Henry Price: Trough integration 
into power plants a study on the performance and economy of integrated solar 
combined cycle systems. Energy, 2004. 

41. Karekezi, S Renewables in Africa -meeting the energy needs of the poor: Energy 
Policy, 2002. 

42. Karim Asali .Developing solar: PV solar system markets in Africa. Refocus, 2002 

43. Kefa V. O. Rabah. Integrated solar energy systems for rural electrification in Kenya. 
Renewable Energy, 2005. 

44. Khalid Tahri : Desalination experience in Morocco Desalination, 2001. 

45. L' Energie Eolienne au Maroc - (CDER) - 1986. 

46. Le Gisement Eolien du Maroc - (CDER) - 1995. 

47. Manuel Antonio Leandro Reguillo- Les energies Renouvelables au Maroc-CDER 
2004. 

48. Maycock. P.D. PV News -April 2006 

49. Ministry of Non-Convential Energy Sources, Government of India, MNES Annual 
Report 2004-2005 

50. Ministry of Non-Convential Energy Sources, Government of India, MNES 
Renewable Energy in India, Business opportunities. 

51. Ministry of energy & Mining: http://www.mem.gov.ma 

52. Mohammed S. AI-Soud and Eyad S. Hrayshat. Rural photovoltaic electrification 
program in Jordan. Renewable and Sustainable Energy Reviews, 2004. 

53. Murat Kenisarin, Vedat M. Karsh and Mehmet <;aglar. Wind power engineering in 
the world and perspectives of its development in Turkey. Renewable and Sustainable 
Energy Reviews, 2005. 

54. MNES, Annual Reports (2000, 2001,2002, 2003, 2004, 2005) 

55. M. Sadrul Islam, Mazharul Islam and Tazmilur Rahman. Effective renewable energy 
activities in Bangladesh. Renewable Energy, 2006. 

56. Muneer T, Asif M, Kubie J. Generation and transmission prospects for solar 
electricity: UK and global markets, 2003. 

57. Muneer T, M. Asif,. Energy supply, its demand and security issues for developed and 
emerging economies, 2005. 

58. Muneer Tariq, Muhammad Asif, Saima Munawwar. Sustainable production of solar 
electricity with particular reference to the Indian economy, 2004. 

59. Nfaoui H., Buret 1., and Sayigh A. A. M. Cost of electricity generated and fuel saving 
of optimized wind-diesel electricity supply for village in Tangier area -Morocco. 
Renewable Energy, 1996. 

185 



60. N. H. Ravindranath. Biomass gasification: Environmentally sound technology for 
decentralized power generation, a case study from India. Biomass and 
Bioenergy, 1993, 

61. Office National de L'Electricite (ONE), Morocco, Annual Report 200S, 

62. P.A. Davies-Wave-powered desalination: resource assessment and reVIew of 
technology Desalination, 200S. 

63. P. Menna, U. Ciorba, F. Pauli, K. Komoto, K. Kato, J. Song and K. Kurokawa
Analysis of the impacts of transferring a photovoltaic modules manufacturing facility. 
Solar Energy Materials and Solar Cells, 2004 

64. Pushpendra K. Jain, Nikolai Nijegorodov and C. G. Kartha. Role of solar energy in 
development in Botswana. Renewable Energy, 1994. 

6S. Ramazan Kose Geothermal energy potential for power generation in Turkey: A case 
study in Simav, Kutahya. Renewable and Sustainable Energy Reviews, 2006. 

66. Remeche Madomercandy, Gajanana K Hegde and Binu Parthan, Wind-Solar PV 
Hybrid System for Chunnambar Resort, Regional Workshop on Renewable Energy, 
Pondicherry, District Rural Development Agency, Ministry of Non-Conventional 
Energy Sources (MNES). 2002 

67. Remeche Madomercandy, Binu Parthan Solar Water Heating Project for a Hotel in 
India- a case study: RETScreen International-Canadian government's Canmet Energy 
Diversification Research Laboratory (CEDRL),2002 

68. Remeche Madomercandy, Binu Parthan Solar Water Heating Project for a Hotel in 
France- a case study: RETScreen International-Canadian government's Canmet 
Energy Diversification Research Laboratory (CEDRL),2002 

69. Remeche Madomercandy, Rural Electrification in Morocco - Winrock journal, 
REPSO Vision-March 2006 

70. Renewable Energy Policy Network (REN21), 2006 

71. Renewable Energy World (REW), 2002. 

72. S. Iniyan, L. Suganthi and Anand A. Samuel. Energy models for commercial energy 
prediction and substitution of renewable energy sources. Energy Policy, 200S. 

73. Solar Thermal markets in Europe. Trends & Market statistics. European Solar 
Thermal Industry Federation (ESTIF)-200S. 

74. Solarspace website- www.demon.co.uklsolarpace.html. 

7S. Stephen Karekezi and Waeni Kithyoma-Renewable energy strategies for rural Africa: 
is a PV -led renewable energy strategy the right approach for providing modem 
energy to the rural poor of sub-Saharan Africa, 2002. 

76. Strengthening Institutional Capacity for Biomass: CIEDE 1 Morocc0200S. 

77. Sunderasan S. The Indian solar photovoltaic industry: a life cycle analysis. 
Renewable and Sustainable Energy Reviews, 2004. 

78. "Sun in Action" Study by Altener Committee in June 1994. 

79. Tata Energy Research Institute. TERI Energy Data Directory and Yearbook. New 
Delhi, India: Tata Energy Research Institute, 2004/200S.- http://www.teriin.org 

186 



80. Umberto Ciorba, Francesco Pauli and Pietro Menna-Technical and economical 
analysis of an induced demand in the photovoltaic sector. Energy Policy, 2004. 

81. WEC Member Committees, 2000/2001; Hydropower & Dams World Atlas, 2001. 

82. Windforce 10, European Wind Energy Association, FED, Greenpeace. 

83. Winfried Hoffmann. PV solar electricity industry: Market growth and perspective. 
Solar Energy Materials and Solar Cells, 2006. 

84. World Energy Council. Energy Information of Morocco 

8S. Yassine Zarhloule .Overview of geothermal activities in Morocco.2003 

86. Youm, J. Sarr, M. SaIl and M. M. Kane-Renewable energy activities in Senegal: a 
review. Renewable and Sustainable Energy Reviews, 2000. 

87. http://www2.gtz.de/wind/ download/marokko. pdf. 

88. http://www.ifc.org/enviro/EPU/Renewable/Photovoltaics/PVMTIIpvmti.htm 

89. http://www.worldenergy.org/wec-geis/edc/countries/Morocco.asp 

90. http://www.africa-energy.com/htmllpublic/ dataimaghrebAE.html 

91. http://www.earthscan.co. uklnews/artic1e/mps/uan/S0 8/v/3/sp/ 

92. http://www.mincom.gov.malenglish/e-page.html 

93. http://energy .caeds.eng. uml. edulfpdb/Irrdata. asp 

94. http://www.cres.gr/countries/morocco/sect4.html 

9S. http://www.ren21.net- PV Status Report 2006 

96. http://www.nationmaster.com/country/mo 

97. http://www.jmk.su.se/globa102/khaled/ 

98. http://www4 . worldbank.org/ sproj ects/ 

99. http://www.ed-u.com/ 

100. http://www.pvmti.com/ 

101. http://www-hermes.desy.de 

102. http://www.solarbuzz.com/ 

103. http://globalis.gvu.unu.edu 

104. http://www.esi-africa.com 

lOS. http://www.ciede.org.ma 

106. http://www.eia.doe.gov 

187 



APPENDIX 1 

QUESTIONNAIRES 



Appendix 1 Questionnaire for Data Collection 

APPENDIXl: DATA REQUIREMENTS 

1. GENERAL 

o Details of the energy balance of Morocco; considering all the primary energy sources 
including renewable energy (if any). Break-up by sources and sectors of consumption. 

o Energy and environment indicators for Morocco: 

o Energy Intensity (toe/US$ 1000 GDP) 

o Per Capita Energy Consumption (toe) 

o Per capita C02 emissions (tons) 

o The contribution which renewable energy sources could make to the energy balance by 
the year 2015? Critical factors that could facilitate this? Major issues to be 
addressed/overcome on the road to making this contribution real. 

2. POLICY 

o Laws/statutes/protocols that deal with renewable energy development. 

o The relevant international agreements/conventions that Morocco has ratified and signed: 

o Framework Convention on Climate Change; 

o Framework Convention on Biodiversity; 

o Framework Convention to Combat Desertification; 

o Basel Convention for Hazardous Wastes; 

o Vienna Convention for Ozone Layer Protection; 

o International Convention and Protocol for the Prevention of Pollution from Ships. 

o In the current legal framework for the energy industry, what are the specific 
aspects/issues, which act as barriers to renewable energy development? 

o Are there any incentives - fiscal or financial available for entrepreneurs wishing to 
generate renewable energy or manufacture equipment? 

o Are there any barriers posed by the industrial and energy policies for renewable energy 
generation, manufacture and service delivery? 

3. PROGRAMMESIPLANS 

o How are national plans in Energy relevant to renewable energy formulated currently by 
the different arms of the Ministries and institutions (such as Ministry of Electricity, 
Ministry of Irrigation, Ministry of Environment, Ministry of Petroleum, Ministry of 
Industry, etc)? 

o Are there national plans and targets for energy sources such as Electricity, Petroleum 
Derivatives, gaseous fuels etc.? 
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o Are there national plans and targets in the social sectors such as poverty alleviation, rural 
development, environmental protection, employment generation etc.? 

o List the major Government of Morocco financed Projects/ Initiatives in renewable 
energy technologies? 

Sl Project/ Period of Financial Technology Achieve Name of the 
No initiative operation allocation and Targets ments implementing 

organisation 

o List the major International donor assistance financed Projects/ Initiatives III the 
following technologies? 

Sl Project/ Name of Period of Financial Technology Achievem Name of the 
No initiative Donor operation assistance and Targets ents local partner 

4. INSTITUTIONAL 

o What is the current institutional arrangement for implementing renewable energy 
programmes? 

o What are the bottlenecks, if any, in this arrangement? 

o Are there regional institutions and regional plans for energy? 

o Are there NGOs who are active in renewable energy activities or who have expressed 
interest in doing so? 

o What would be the preferred institutional arrangement for significantly increasing the 
contribution of renewable energy sources in the energy balance? 

o In the preferred institutional arrangement to accelerate renewable energy develop are 
there need for creation of new institutions/organisations or can this be achieved my 
alignment of existing organisations. 
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5. MARKET 
o The market prices of the following energy sources during the period 1995-2002: 

o Electricity; 

o Kerosene; 

o Natural Gas. 

o What is considered to be the market characteristics for the following renewable energy 
technologies? 

Sl. Technology Market Cumulative Market barriers 
No Potential Achievements 

so far 

1 Photovoltaics 

2 Wind Electric 

3 SHWS and solar-air 

4 Solar Thermal 
Concentrating 
Systems (High 
Temperature) 

5 Improved 
cookstoves 

6 Biomass power 

7 Windpumps 

8 Small Hydro 

o Of the 200,000 villages to be electrified yet, has there been any progress on village 
electrification? Where are the remaining villages to be electrified located? 

o The technology status of renewable energy systems and components in Morocco 
currently. 

Sl. System/Component Technologies in Technologies In the R&D stage 
No the Market demonstrated 

1 Photo voltaic 
Modules 

2 Wind Electric 
generators 

3 Solar Hot water 
Systems 

4 Solar Thermal 
Concentrating 
Systems (High 
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Temperature) 

5 Storage Batteries 

6 Improved 
cookstoves 

7 Biomass power 
generation 

8 Windpumps 

9 Small Hydro 

6. INDUSTRY 

o How big is the industrial base for the above renewable energy technologies?: 

Sl. Company year RE Annual Investment Turnover Employees. 
No name/ established products capacity (US$ eq.) (US$ Eq.) 

contacts 

o The major companies who export these technologies? 

Sl Company Year Investment Turnover Achievements Product 
No name/contacts established (Moroccan (Moroccan details and 

Dirham or Dirham or production 

US$eq.) US$eq.) volume 

o Details of local Moroccan partners for multinational renewable energy 
companies/organisations? 

Sl. Company Internation year Product annual Investment Turnover Emplo 
No name/ al partner establi s/service capacit (Moroccan (Morocca yees 

contacts shed s y Dirham or n Dirham 
US$eq.) or 

US$eq.) 

o Is private sector participation in energy renewable energy generatIOn and manufactunng 
permissible in Morocco? Is foreign direct investment permitted? 

o Can energy and renewable energy services provided to users by energy service 
compames m Morocco? What are the legal and regulatory issues affecting such 
companies? 
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Sl. Company year Energy Areas ( Investment Turnover Employees 
No namel established services citieslvil (US$ eq.) (US$ Eq.) 

contacts lages, 
regions) 
covered 

7. PROMOTION 

o Are there organised promotion campaigns being implemented by the government or the 
private sector to increase utilisation of renewable energy? 

Sl. No Title Period of Technologies Mode. Target 
operation covered audience 

o The perceived awareness barriers, if any, which hinder large-scale propagation of 
renewable energy technologies in Morocco. 

8. HUMAN RESOURCES 
o What are the existing academic/training programmes available m renewable energy 

technologies at the Higher education level? 

Sl. University Year of Specialisation No of Duration RE 
No namel course offered students Technologi 

address/contac commencem Ibatch es covered 
ts ent 

.. o What are the existing academlc/trammg programmes aVailable m the hydrocarbon and 
hydro energy technologies at the Higher education level in Morocco? 

Sl. University Year of Specialisation No of Duration RE 
No namel course offered students Technologi 

addresslcontac commencem Ibatch es covered 
ts ent 

o Is there an authonty to regulate/accredit/approve technical educatIOn lllcludmg 
renewable energy education in the country? 

o Are there skills upgradationl development programmes that exist for the energy sector 
professionals? 
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9. RESEARCH AND DEVELOPMENT 

o What are the scientific and technological research establishments that are currently active 
in renewable energy research or have the capability to carry out such research? 

Name of On-going Equipment Manpower capability 
ins titu tel es ta b lis renewable energy instrumentation relevant for renewable energy. 
hmentwith R&D projects to renewable energy R&D R&D 
contacts 

10. DEMONSTRATION 

o Have there been pilot and demonstration projects in renewable energy technologies 
funded unilaterally, bilaterally or multilaterally? 

Sl Project name Description Funding Source of Finance 
No available 

(US$ Eq) 

o Are there any pilot projects in renewable energy technologies that are bemg planned? 

Sl Project name Description Funding Proposed source of 
No required Finance 

(US$ Eq) 

11. RESOURCE ASSESSMENT 

o List of renewable energy meteorological assessments and studies carried out on in the 
past in Morocco. 

Sl Renewable Methodology Adequacy Duration of Year Organisati 
No Energy of data assessment Compl ones) 

Resource eted responsible 
assessed 

o Are renewable energy resource assessment data available to the public/industry? If so in 
what form? 
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12. FINANCING 

o Are there tariffs for importation of renewable energy devices and equipment? 

Sl. Technology Tariffs Qualitative Quantitative 
No restrictions, if restrictions, if any 

any 

1 Photovoltaics systems 

2 Wind Electric 
generators 

3 SHWS and solar-air 
systems 

4 Solar Thermal 
Concentrating Electric 
Systems (High 
Temperature) 

5 Improved cookstoves 

6 Biomass power plant 
equipment 

7 Windpumps 

8 H ydro-mechanical 
equipment 

9 Storage systems 

o Are there capital/interest subsidies that are available for purchase/use of renewable 
energy equipment and devices in Morocco? 

Sl. Technology Capital Interest Conditions for eligibility 
No subsidy subsidy 

1 Photovoltaics 

2 Wind Electric 

3 SHWS and solar-air 

4 Solar Thermal 
Concentrating 
Systems (High 
Temperature) 

5 Improved 
cookstoves 

6 Biomass power 

7 Alternate transport 

8 Windpumps 

9 Small Hydro 
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o Are there any particular incentives, subsidies for setting up a manufacturing facility, 
R&D facility in renewable energy sector? 

o Are there financial institutions or banks providing loan/lease or hire purchase schemes 
for use of renewable energy equipment or loan for setting up manufacturing or service 
facilities? 

Sl Bank! Financial Coverage/ Financing Scheme Renewable Energy 
No institution Eligibility Scheme parameters Technology 

details, contacts Covered 

13. QUALITY 

o List of the national technical standards and the harmonised/adapted international 
standards in Morocco, which are relevant to renewable energy systems and the balance 
of systems. 

o What are the national quality institutions that act as the focal points of international 
quality control and standardisation bodies such as the International Standardisation 
Organisation (ISO), International Electrotechnical Commission (lEC)? 

o What is the general acceptance and conformity to ISO 9000 series of guidelines for 
Quality Assurance of the Industry in General and the energy or renewable energy 
industry in particular? 
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Appendix 2 RD&D Components 

APPENDIX 2: RD&D COMPONENTS 

Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Solar Thermal 

1 Solar Systems with average collector area of 25m2 for small domestic dwelling. 0 $300,000 
Thermal Forced air or fluid heat transfer medium, with/without energy storage, under floor ducted 2006-2011 
Space 

0 

air, convection or conductive heat exchangers. 
Heating 
Systems Demand assessment (survey) 

0 Define Design objectives, criteria and targets 

0 Engineering design study 

0 Prototype construction for design validation 

0 Testing and design optimisation 

0 Demonstration programme plan 

0 Installation of 10 pre-production units complete with data logging in 10 test locations. 

0 Production cost analysis 

0 Monitoring and design optimisation 

0 Scaling analysis to asceliain viability of design and cost benefits in commercial and industrial 
applications 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

2 Solar Systems with average collector area of 25 m2 
D $350,000 

Thermal 
D 

Space 
Demand assessment (survey) D 2007-2009 

Cooling D Define Design objectives, criteria and targets 
Systems D Engineering design study 

D Prototype construction for design validation 

D Testing and design optimisation 

D Demonstration programme plan 

3 Solar Dryers Systems with an average collector area of 200m2 
D $400,000 

for Small Direct drying (fruits, onions, tomatoes, spices, herbs) and Indirect drying (preheating for D 2006-2010 
Scale 
Agricultural 

agri processing) 

Applications D Market survey of dried products and seasonal pricing 

D Market assessment of current drying practices and economics. 

D Application assessment of international experiences such as projects in India, GTZ tunnel 
dryer applications in West Africa 

D Define Design objectives, criteria and targets for direct and indirect programme development 

D Develop scalable prototype applications, test and optimise. 

D Identify selection of agricultural applications for direct drying and process preheating, and 
install sample of 10 small-scale units in working environments and 2-3 largescale preheating 
dryers for cereals etc. 

D Monitor technical performance product quality over 12 month working cycle 
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Sl RD&D 
General Specification & Main Activities in RD&D Programme 

Programme 
No Programme Cost & Duration. 

0 Cost benefit analysis, business plan and concept marketing to solicit manufacturing and 
market development collaboration 

0 Develop criteria to select 50 sites for small, medium and large size plants. Sites should be 
grouped in clusters 

0 Identify local industry partner for production of 50 demonstration units and eventual large 
scale production and marketing 

0 Install and train users in best practices and set up monitoring and evaluation programme 

0 Develop business plan based upon demonstration experience and support industry in 
commercialisation initiative 

4 Solar Domestic Systems cauable of suuulying 200lUd of hot water. 0 $450,000 
Thermal Adaptable to apartment rooftop locations and community applications. Stand alone and 2006-2010 
Domestic 

0 

Hot Water 
dual mode heating from solar and/or electrical grid or CNG/LPG gas source. Thermo-

Systems 
siphon and forced circulations systems: 

0 Review current domestic hot water technologies, market and economics in Morocco through 
documentation review, field survey of industry, market and national statistics. 

0 Review statutory requirements, regulations and recommend market incentive drivers to the 
Apex body 

0 Define Design objectives, criteria and targets 

0 Engineering design study for stand alone/dual mode and thermo siphon/forced circulation 
systems. This should include dual mode solar/electric and solar/gas. 

0 Prototype construction or each design scenarios for design validation. 

0 Testing and design optimisation of each configuration developed. 
~~-- -
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SI RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Industry dialogue for eventual product production and marketing 

0 Installation of 5 pre-production units of each validated configuration complete with automated 
data retrieval and storage. Information sharing with industry partner(s) 

0 Production cost analyses 

0 Monitoring and design optimisation 

0 Market analysis and receptivity to product options developed. 

0 Industry collaboration for manufacture and development cost share. 

5 Solar Non Domestic systems with average size of 2500 IUd at 60-85 Deg C. 0 $200,000 
Thermal Hot 
Water 

0 Evaluate current Hammam practices, sizes, economics and extent and context of utilisation 0 2009-2011 

Supply for 0 Monitor technical performance product quality over 12 month working cycle 

Non 0 Cost benefit analysis, business plan and concept marketing to solicit manufacturing and 
Domestic market development collaboration 
Applications 

6 Industrial Systems with an average collector area of 1000m2 
0 $1,500,000 

Process Heat 
0 Review current industrial process heat requirements through field survey of industry and 0 2007-2008 

national statistics 

0 Define Design objectives, criteria and targets 

0 Engineering design study 

0 Prototype construction for design validation 

0 Testing and design optimisation 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Demonstration programme plan 

0 Installation of 2 pre-production units complete with data logging in 2 test locations. 

0 Production cost analysis 

0 Monitoring and design optimisation 

0 Photovoltaic 

7 PV Powered PV I!owered booster I!umI!s with a 100 WI! module for urban water I!umI!ing 1. $350,000 
Pumping 

0 Review present and projected market demand for urban water supply booster pumps in 2. 2008-2012 
Systems for domestic dwellings in metropolitan cities. 
Urban Water 
Supply. 0 Assuming strong market potential is evident, define research objective and develop research 

plan 

0 Research domestic and international market for suitable DC or AC pumps suitable for this 
application. 

0 Develop PV powered booster pump package, and conduct extensive laboratory test 
programme for performance and life testing and report on operational and economic merits. 

0 Develop demonstration plan in urban environment where city water supply lacks adequate 
pressure 

0 Transfer production rights to local industry pminer if strong indications that developed product 
is commercially competitive with alternatives. 

0 Conduct survey of urban locations requiring or using pumping systems for lifting water to 
header tanks on rooftops in 2-3 metropolitan cities, 

0 Identify 10 c,onsumers in each metropolitan zone, receptive to pmiicipating in scheme to 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

operate and collect operational data on pumps. 

0 Tender for supply, installation and service agreements for pump sets according to the 
specification. 

0 Establish monitoring programme for a period of 1 year to assess technical performance and 
user receptivity to product and financing schemes 

0 Promote the concept within the financial and industrial sectors to establish production and 
marketing venture. 

8 PV-ST Refrigeration and lighting systems of SOOW~ each. Lighting and com~uters ~owered 0 $150,000 
Health and through 500 W~ systems. 

2007-2008 
Education 

0 

0 Identify health centres in un-electrified areas 
Sector 
Systems 0 Install five systems 

0 Monitor performance of systems 

0 Review health sector and veterinary sector vaccine and blood storage needs and future plans in 
non-electrified locations within Morocco. Determine if case for introduction of solar 
refrigeration exists to suppOli health and livestock services 

0 Assuming review clearly identifies need; develop proposals for the Ministries responsible for 
providing services. 

0 Install and train technician personnel in the health sector in service suppOli. 

0 Monitor the technical performance of units using data loggers. Monitor an equal quantity of 
vaccine storage refrigerators operation on mains electricity and collaborate with WHO and 
Ministry of health in analysis and conclusions of demonstration project. 

0 Support the Ministry of Health in elaborating a request for financial support to extend the cold 
chain to other zones. 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

9 PV Pumping Micro-irrigation systems wit a 3 kWp array. 0 $350,000 
Systems 

0 Review recent comparative studies of commercially available solar pumping systems. 0 2008 -2010 

0 Conduct market research to determine possible PV pump user segments, applications, 
economics, marketing strategies etc. 

0 Initiate procurement of pumps for specific market segments and applications considered 
commercially attractive for use of solar pumps 

0 Establish agreement with PV system energy Service Company, to assume installation and 
service responsibilities. 

0 Prepare monitoring and feedback protocols. 

0 Contract for services and Install and service batches of pumping systems. 

0 Evaluate experience in different environments with different technology options and draft 
proposal for a pilot scheme. 

10 PV PV drinking water systems with a pump and purifier powered by a 3 kWp array. 0 $2,000,000 
Professional 

0 Review regulations appertaining to production and sale of packaged drinking water, assuming 0 2003-2005 
applications scope for private entrepreneurship exists: 

0 Review the bottled water market, current practices, price structures for purification, 
distribution, marketing and retailing. Examine also the bulk water market for 20-30 ltr 
returnable containers for use in an institutional context. Perform an economic and market 
analysis for the commercial scope of this application when water lifting, purification and 
packaging is undeliaken in the proximity of the point of use. Compare this with current pricing 
and practices. 

0 Collaborate with international organisations with experience in this market segment, to 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

identify and establish 5 demonstration sites, and set in place franchisee mechanisms for 
retailing of water 

0 Monitor, technology performance, water quality, market receptivity for a period of 12 months, 
and develop a business plan for a commercial venture with a technology transfer component. 

Standalone lighting systems of lOOWp size 

0 Identify physical environments, of city Corporations, Corporate compounds, leisure parks and 
special applications such as bus stands, security lighting etc where relatively low powered 
street lighting provides adequate lighting and offers advantage over alternative street lighting 
options. 

0 Prepare a demonstration programme protocol and procure batches of units as per 
specifications. 

0 Establish agreement with PV system energy Service Company, to assume installation and 
service responsibilities. 

0 Prepare monitoring and feedback protocols. 

0 Contract for services and Install and service batches of lighting systems. 

0 Evaluate experience in different environments with different technology options and draft 
proposal for a pilot scheme 

PV Power Packs of 1.5 kWp size 

0 Develop criteria and select 20 demonstration sites within a single geographic cluster. 

0 Install systems, train users in operational procedures. 

0 Design and implement a monitoring programme for performance, reliability and user 
responsIveness. 

0 Market the concept and economics within industry to identify potential collaborative partner 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

D Assist industry to develop a business plan for broader market use. 

D Assess market segments, market demand, and size range 

D Define Design objectives, criteria and targets 

D Engineering design study 

D ImpOli good quality invertors to examine scope for indigenisation. 

D Prototype construction of stand alone and hybrid versions for design validation 

D Testing and design optimisation 

D Installation of 10 pre-production units complete with data logging in 10 test locations. 

D Production cost analysis 

D Monitoring and design optimisation 

D Elaborate plan and detailed budget for demonstration project 

PV grid tied systems of 25 kWp size 

D Review studies and modelling on grid feeder support and peak load 

D Study 20KV grid feeder system and determine scope and extent of oppOliunities for grid 
feeder support 

D Assuming potential scope is identified, model a selection of potential sites and demand 
patterns to identify locations where grid tied PV provides good economic return. 

D Draft system specifications, terms and monitoring technology. 1 small, 1 medium application 
is proposed. 

D At favourable locations negotiate with the Power utility to provide grid suppOli. This is 
proposed as a cost share arrangement to demonstrate the case. 

-- . 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Identify a technology partner experienced in grid tied applications. 

0 Monitor the site performance and revenue streams and validate the case for full commercial 
intervention. 

PV Systems for automation of 200 Wp size 

0 Identify telecom service providers offering wireless loop services in Morocco. 

0 Negotiate an agreement with wireless loop operator to 1) equip one subscriber loop (typically 
150-200 subscribers) in a non electrified zone with PV power supplies at the kiosk level, and 
2) upgrade each kiosk to host an internet terminal 

0 Select subscriber locations in association with wireless loop operator. Typically community 
locations such schools, are recommended. 

0 Tender for supply, installation, training and service agreements ofPV power pack and internet 
terminals in self contained kiosks 

0 Establish kiosk operator franchisee network at each subscriber location. Train franchisees and 
establish payment mechanism for use of Internet services. 

0 Develop falmer information service, telemedicine service, and Internet education service 
specific to activities in area of subscriber kiosks, and launch awareness programme to farmers, 
children and potential users. 

0 Supervise, control and monitor programme operation, revenues and user receptivity over 2 
year period. 

0 Report demonstration activity to telephony service providers, and demonstrate potential 
commercial viability of venture to industry 

--
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Sl RD&D 
General Specification & Main Activities in RD&D Programme 

Programme 
No Programme Cost & Duration. 

PV Telecom systems of 10 kWp each. 

0 Review telecommunication sector's needs and future plans in non-electrified locations within 
Morocco. Determine if case for introduction of solar powered relay stations exists to support 
remote area communication. 

0 Assuming review clearly identifies need, develop proposals for the Ministries responsible for 
providing services. 

0 Prepare a specification for supply and training support of 5 systems 

0 Install and train technician personnel in the telecommunication sector in service suppOli. 

0 Monitor the technical performance of units using data loggers. 

0 Identify plans for telecommunication expansion and identify five suitable sites for PV relay 
stations 

0 Installation of five units 

0 Monitor reliability of service 

Hybrid Systems 0 

11 PV-Diesel PV-Diesel Hybrid systems with 3 kWp PV array size 0 $800,000 
Hybrid 

0 Study PV IDiesel experience Internationally, and commercially available technology and 0 2008-2010 
Systems applications, inclusive of defence/military applications 

0 Assess market potential in Morocco or neighbouring environment. 

0 Conduct economic/cost analysis of product and market development process. 

0 If result from 3) clearly positive, develop business plan and identify pminership alternatives 
for technology development/adaptation. (lV, technology transfer or licensing agreement). If 
result from 3) not clearly positive, terminate R&D effort in this sector. 

---_ ...... __ ._---
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Negotiate partnership agreement, design and build prototype responsive to observed market 
demand. Develop and optimise design. 

0 Field-test 10 units for 12 month period in various operating environments. Monitor technical 
performance and optimise product 

0 Solicit funding for pilot scheme. 

12 PV-Wind Wind-PV Hybrid systems of size 5 kWp 0 $250,000 
Hybrid 

0 Review international experience and applications (Bergey, Southwest USA, AES Australia) 0 2008-2010 
Systems 

0 Identify 5 potential but diverse applications in Morocco (eg Village electrification) 

0 Model the technical and economic viability in Moroccan context 

0 Prepare technical and site specifications for 5 sites 

0 Identify a technology partner and negotiate terms for supply and service suppOli 

0 Evaluate systems operational performance, reliability and economic viability at site locations 
over 2 year period 

0 Study scope and strategy for replication and develop business plan. 

13 PV-Wind Wind PV reverse osmosis desalination plant 0 $1,400,000 
Desalination 

0 
System 

Review existing experience and organise study tours to projects in the region 0 2008-2012 

0 Prepare Terms of Reference and solicit suppOli from international expelis to undertake a 
feasibility study, formulate a project plan and implement one demonstration project. The 
feasibility study should include a demand assessment for desalinated water as well as stating 
evaluation. 

0 Prepare technical specifications for equipment supply and invitation to tender for supply, 
operatiori and maintenance of plant. Plant should be fully instrumented to facilitate 
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

perfOlmance monitoring 

0 Install and Operate plant for a 3-year period, monitor performance and evaluate commercial 
viability. Train local staff in operation and maintenance. 

0 Based upon the operational experience, prepare a business plan for scaled up operation of this 
desalination technology, and solicit investment financing pilot project or commercial venture 

0 Hydro 

14 Hydro Power Small hydro power developments 0 $200,000 

0 Review currently available micro hydro technology: SKAT (Switzerland); ITDG, IT Power, 0 2006-2010 
Evans Engineering, Nottingham Trent (UK); F AKT (Germany); INSHP (China); AHEC 
(India) 

0 Define the R&D objectives and plan detailed budget based upon the above resource 
information. 

0 Identify development partner organisations in Morocco and overseas, for the purposes of 
product development to match projected needs in mountainous regions. 

0 Develop and test prototypes based upon existing experience and local manufacturing capacity 

0 Plan a demonstration programme, to further assess the technical and market potential for the 
product 

0 Undeliake a resource evaluation in geographic regions with small pico/micro scale Hydro 
potential in the coastal mountainous regions. 

0 Conduct a technology and applications review through study tour to UK, Nepal, India, and 
Indonesia. 

0 Preparation of demonstration project design. Assign development support contract. 
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Sl RD&D 
General Specification & Main Activities in RD&D Programme 

Programme 
No Programme Cost & Duration. 

0 Site identification missions for pico and micro sites. Engineering, demand and social 
parameters) 

0 Designs for site engineering and site management and operation. 

0 Identification of local manufacturing partner 

0 Construct, install, train and monitor performance. 

0 Analyse user receptivity, impact on owner/operator and local community economics. 

0 Design pilot project, with specific view to establish commercial or near commercial 
framework. 

Canal dro~ schemes with average size of 200kW 

0 Review irrigation networks and canal drops in Morocco and determine the potential for low 
head hydro either grid connected or stand alone schemes. 

0 Preparation of demonstration project design. Assign development suppOli contract. 

0 Site identification missions. Engineering, demand and social parameters) 

0 Designs for site engineering and site management and operation. 

0 Identification of local manufacturing patiner 

0 Construct, install, train and monitor performance. 

Design pilot project, with specific view to establish commercial framework 
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Sl RD&D 
General Specification & Main Activities in RD&D Programme 

Programme 

No Programme Cost & Duration. 

Bio-Energy a 
15 Briqueting & Brigueting-cum-gasification ~lants of 30 kW gasifier out~ut 0 $350,000 

Gasification 
0 Review international experience with manufacture and production from briqueting & 0 2007-2011 

Gasification plants 10-100 kW, and set up study tour to India, Mali. 

0 Analyse the potential for agricultural residues suitable for briqueting in Morocco, in 
association with the Ministry of Agriculture, and determine suitable residues, applications for 
use and locations for production 

0 Formulate a briqueting & Gasification project where 30 kW can be installed, demonstrated and 
produced briquettes marketed/used. Sites should be suitable for demonstration and monitoring 
in a real working environment. 

0 Enter into collaboration with an organisation experienced in briqueting & Gasification, both 
manufacturing and applications to introduce the technology into Morocco on a demonstration 
basis. 

0 Monitor the sites for 2 years, and develop a business plan for absorption of the end product 
and production of briquettes, clearly defining the potential economic returns, scope and 
context of application, balTiers to implementation and market potential in Moroco. 

16 Biogas Large Biogas ~lants of 500 m3 or 1000m3 ca~acitv 0 $250,000 
Systems 

0 Identify suitable central sites for the collection of biomass for input to biogas digesters and for 0 2009-2010 
the use of the gas 

0 Install 2 Large-scale systems near to the demand. 

0 Assess use of biogas and user satisfaction 

Small Biogas ~lants of 15 to 100m3 ca~acity 

0 Identify suitable government poultry and cattle farms, olive presses and slaughterhouses 
- _ ...... - "----- ----_ .. _- -
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Sl RD&D General Specification & Main Activities in RD&D Programme 
Programme 

No Programme Cost & Duration. 

0 Install 10 small scale systems 

0 Monitor performance of system and user satisfaction 

Wind CJ 

17 Wind lOOkW Stand alone wind turbines 0 $250,000 
Electric 

0 Overlay wind resource data to determine the approximate location of sites, which may be 0 2002-2003 
exposed to a favourable, wind energy resource. 

0 Conduct site-specific analyses inclusive of grid availability, physical suitability, verification of 
wind characteristics, dispersion of local populations etc at selected locations. 

0 Develop a technical specification for product supply, installation and service and issue call for 
tender to local and international product suppliers. Specification to stipulate 1 system to be 
sourced locally and 1 from international suppliers. 

0 Install 2 systems inclusive of data logging systems and monitor performance, reliability and 
user receptivity over 2-year period. Develop a proposal for future development which should 
consider local manufacturer, indigenisation etc. 

Implement and monitor 2 demonstration units for electrification and/or water pumping to serve 
off-grid communities. 

- ~-

211 



APPENDIX 3 

PILOT PROJECTS COMPONENTS 



Appendix 3 Pilot Projects Components 

APPENDIX 3: PILOT PROJECTS COMPONENTS 

Sl 
Pilot Project Capacity, General Specification & Activities within pilot programme 

Programme 
No Cost & Duration 

Solar Thermal 0 
Energy 

1 Solar Thermal SO pilot systems in commercial/office spaces 0 $218,750 
Space 

0 Identify commercial/office space with cooling requirements 0 2010-2011 
Cooling 
Systems 0 Conduct a market survey of cooling systems available and their applicability. 

0 Issue tenders for the supply and installation of 50 systems 

0 Monitor technical and financial performance of system. 

2 Solar Process 20 pilot systems in process industries 0 $1,833,333 
Heat for 

0 Identify Twenty industrial sites with heat requirements 2009-2010 
Industries 

0 

Photovoltaics 0 
• 

3 PV Village 40 to SO un electrified villages with total household sizes of 102000 to be provided with $3,083,333 
: 

0 

Electrification standalone PV systems. 
2009-2010 0 

0 Conduct site-specific analyses inclusive of physical suitability, verification of solar and wind 
characteristics, dispersion of local populations etc at selected locations. 

0 Develop a technical specification for product supply, installation and service and issue call for 
tender to local and international product suppliers. 

0 Install few systems inclusive of data logging systems and monitor performance, reliability 
and user receptivity over 2-year period. Develop a proposal for future development which 
should consider local manufacturer, indigenisation etc. 
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Sl 
Pilot Project Capacity, General Specification & Activities within pilot programme 

Programme 

No Cost & Duration 

4 Solar Home 500 Touaregs households to be l!rovided with Solar lantern D $122,667 
Systems for 

D Develop a technical specification for product supply, installation and service D 2004-2005 
Bedouins 

Hybrid Systems 0 

5 PV-Diesel 10 PV-Diesel Hybrid systems to be del!loyed in selected locations D $95,000 
Hybrid 

D Deposit patent applications for any unique features of the product or concept D 2011-2012 
Systems 

D Based upon demonstration experience, Prepare a business and investment plan in association 
with the business/technology transfer partner collaboration in the demonstration phase. 

D Prepare a demonstration DVD and promotional materials with support from CDER and its 
services, to market concept, viability and scope for applications 

D Market the plan in the domestic and international investment community to mobilise 
debt/equity/grant assistance. 

D Transfer stakes in the development process to the production/marketing partnership, through 
sales or royalties. 

D The production and investment patiners should identifY geographic zones or business clusters 
where diesel /PV hybrid power packs offer a competitive solution for energy demand where 
energy demand cycles require intermittent short periods of high energy demand interspersed 
with longer periods of low demand. 

D Elaborate leasing and credit schemes as affordable strategies to market development. 

D Target phased fund mobilisation to develop production, marketing and service infrastructure. 

D Focus venture on quality service and mobilisation, aggressive marketing both domestically 
and within the region, and economic returns for applications requiring fluctuating load 
patterns. 

D Extend business as a fully commercial venture 
-- -
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Sl 
Pilot Project Capacity, General Specification & Activities within pilot programme 

Programme 

No Cost & Duration 

6 PV-Wind 30 PV -wind hybrid systems to be de~loyed at selected locations 0 $199,556 
Hybrid 

0 Conduct a market survey of potential applications, manufacturing alternatives, required 0 2011-2015 
Systems service infrastructure and barriers to market penetration. 

0 Based upon the results and conclusions of the market survey, Solicit grant assistance from the 
Govt of Moroco or bilateral donor community. 

0 Conduct a study tour to reputed international manufacturers of 3-50kW wind turbines, with 
the specific purpose of analysing the technical performance, reliability, production history, 
current market penetration of different products, and receptivity to technology transfer of 
joint venture initiatives .. 

0 Issue an invitation to tender for a collaborative production venture, through licence 
agreement, technology transfer or joint venture. This activity should be conducted in close 
collaboration with the Minstry of Energy. It should ensure not only technology transfer, but 
establishment of service infrastructure and equity participation. 

0 Initiate, production, market development and service infrastructure development of the 
product range. Programme should expand to increase operational, market and production 
experience. 

Bio-Energy CJ 

7 Briqueting 10 brigueting cum-gasification systems de~loyed in agro-~rocessing industries 0 $175,000 
and 

0 Study tour of expelis from, government, industry, academia, professional bodies and banks to 2012-2013 
Gasification 

0 

countries with relevant gasification experience (Mali, India, ) 

8 Urban Solid Pilot waste to energy ~lant in the city of Ale~~o 0 $19,166,667 
Waste 

0 
Projects 

Conduct site-specific analyses inclusive of physical suitability 0 2007-2007 
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Sl 
Pilot Project Capacity, General Specification & Activities within pilot programme 

Programme 

No Cost & Duration 

9 Small scale Piloting of 400 small family size biogas systems 0 $39,728,571 
biogas 

0 Conduct site-specific analyses inclusive of physical suitability 0 2011-2012 
Systems 

10 Institutional 8 large scale biogas systems imI!lemented in government cattle farms 0 $13,242,857 
biogas 

0 Conduct site-specific analyses inclusive of physical suitability 0 2011-2012 
Systems 

Wind 0 

11 Grid 5MW of grid connected WEGs I!iloted 0 $4,750,000 
connected Review existing wind energy assessments and feasibility studies and prepare a plan for 2007-2007 
wind electric 

0 0 

Generation 
fmiher wind energy resource assessments keeping in view the latest wind resource assessment 
technologies. 

0 Based on the plan developed in activity 'a', carry out a wind energy assessment programme 
and prepare a GIS for wind energy in Morocco with a recommended list of most promising 
sites; 

0 Study tour of expelis from, government, industry, academia, professional bodies and banks to 
countries with relevant wind energy development experience (Germany, Denmark, Spain, 
India and Egypt); 

0 Feasibility studies for grid connected wind farms to be carried out at the most promising sites 
(with at least one year data) with a feasibility repOli for at least one pilot project and tender 
documents for the private sector projects; 

0 Study to document different types of business models which have been used by countries 
(such as Egypt, India, Germany, Spain, Denmark etc.) to involve the private sector in wind 
energy development such as B-O-T, B-O-O-T, B-O-O-M and identify resource mobilization 
options; 
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Sl Pilot Project Capacity, General Specification & Activities within pilot programme 
Programme 

No Cost & Duration 

12 Stand-alone 10 MW of off-grid WEGs piloted 0 $8,750,000 
Wind Electric 

0 Study tour of experts from, government, industry, academia, professional bodies and banks to 0 2008-2009 
countries with relevant wind energy development experience (Germany, Denmark, Spain, 
India and, Egypt) 

0 Feasibility studies for standalone WEG to be canied out at the most promising sites (with at 
least one year data) with a feasibility repmi for at least one pilot project and tender documents 
for the private sector projects 
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Appendix 4 lEe Standards 

APPENDIX 4: RELEVANTIEC STANDARDS 

1. WIND 
>- IEC 61400-1 (1999-02) Wind turbine generator systems - Part 1: Safety requirements. 

>- IEC 61400-2 (1996-04) Wind turbine generator systems - Part 2: Safety of small wind turbines. 

>- IEC 61400-11 (1998-09) Wind turbine generator systems -Part 11: Acoustic noise measurement 
techniques. 

~ IEC 61400-12 (1998-02) Wind turbine generator systems - Part 12: Wind turbine power 
performance testing. 

2. PHOTOVOLTAICS 
>- IEC 61215 (1993-04) Crystalline silicon terrestrial photovoltaic (PY) modules - Design 

qualification and type approval 

>- IEC 61646 (1996-11) Thin-film terrestrial photovoltaic (PY) modules - Design qualification and 
type approval 

>- IEC 61683 (1999-11) Photovoltaic systems - Power conditioners - Procedure for measuring 
efficiency 

>- IEC 61702 (1995-03) Rating of direct coupled photovoltaic (PY) pumping systems 

>- IEC 61724 (1998-11) Photovoltaic system performance monitoring - Guidelines for 
measurement, data exchange and analysis 

>- IEC 61427 (1999-11) Secondary cells and batteries for solar photovoltaic energy systems -
General requirements and methods of test 

3. HYDRO 
>- IEC 60041 (1991-11) Field acceptance tests to determine the hydraulic performance of hydraulic 

turbines, storage pumps and pump-turbines 

>- IEC 60193 (1999-11) Hydraulic turbines, storage pumps and pump-turbines - Model acceptance 
tests 

>- IEC 60308 (1970-0 I) International code for testing of speed governing systems for hydraulic 
turbines 

>- IEC 60545 (1976-01) Guide for commissioning, operation and maintenance of hydraulic turbines. 

>- IEC 60805 (1985-09) Guide for commissioning, operation and maintenance of storage pumps and 
of pump turbines operating as pumps. 

>- IEC 60609-2 (1997-11) Cavitation pitting evaluation in hydraulic turbines, storage pumps and 
pump-turbines - Part 2: Evaluation in Pelton turbines 

>- IEC 61116 (1992-10) Electromechanical equipment guide for small hydroelectric installations 

>- IEC 61362 (1998-03) Guide to specification of hydraulic turbine control systems 
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