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MARKET ASSESSMENT OF PHOTOVOLTAIC POWER SYSTEMS FOR

AGRICULTURAL APPLICATIONS IN MOROCCO

Executive Summary

Obiectiveg

The Photovoltaic Stand-Alone Applications Project Office of NASA/Lewis
Research Center, Cleveland, Ohio, is conducting an assessment of the market
for remote photovoltaic (PV) power systems in worldwide agriculture for the
U,8, Department of Energy, The study is to identify PV applications and
countries with a high sales potential so that industry may develop appropriate
market strategies. The applications considered are those requiring less than
15KW of power and operating in a stand-alone configuration without back-up
power, In such applications, cost-competitiveness is based on a comparison
with conventional gasoline and diesel power sources. This specific study
agsessed the market for PV systems in the Moroccan agricultural sector and
in rural services.

The objective of the study was to determine for a number of applications
the first year of cost-competitiveness, to estimate the market potential there=-
after, and to discuss the environment in which PV systems would be marketed
and employed, Emphasis is placed on stand-alone applications that are com-
petitive prior to 1986; after this period, with further cost reductions,
utility-<connected PV systems may become competitive,

The followine market elements specific to Morocco are addressed in the
report:
e Level of interest, awareness and experience with PV power systems.

o Estimates of potential market size for PV power in agriculture
and rural services applications,

® Operating and cost characteristics of gasoline and diesel power
systems that will compete with PV,

e Energy, agriculture and development goals, proygrams and policies
which will influence PV sales.

e Appropriate financing mechanisms and capital available for PV system
purchases.

® Investment climate for U.S. companies and appropriate methods for
conducting business in the country.

Study Approach

The market study for PV in worldwide agriculture was conducted by DHR,
Incorporated, with Associates in Rural Development, Inc., as subcontructor.
This report on Morocco is the fourth in the case study series on PV
applications in agriculture (The Philippines, Nigeria, and Mexico).

The scope of these studies includes livestock, forestry, fisheries,
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zrop production, and rural serrices.

A study team composed of one "HR and one ARD specialist, accompanied
by a NASA representative, visited Morocco from April 19 to May 15, 1981,
The major activity of the team members was a series of meetings with a wide
variety of Morcccan experts to obtain current data and their evaluations of
factors important to introducing PV power systems in agriculture. Site
visits were also made to obtain power requirements and energy usage profile
data for severai agricultural applications. Agencies and individuals con-
tacted include businessmen, officials and scientists at the ministries of
Agriculture and Agrarian Reform, Energy and Mines, Public Health, Interior,
Post, Teluphone and Telegraph, and Transport, and the National Electric
Utility, the National Meteorological Service, Central Bank, development
banks, Bank of Exterior Commerce, &qricultural machinery dealers and asso-
ciations, energy systems manu.acturers and distributors, PV systems manu-
facturers and distributors, farmers and agribusiness, U.S, and international
aid organizations, and the U.S. Embassy and Consulate. Over 70 psrsons were
interviewed, and appropriate sources of published information were consulted.

In addition to performing the data collection activities, the team
merbers gave presentitions on PV energy systems and their current appli-
cations to a wide variety of audiences. They also distributed sets of bro-
chures consisting of technical and promriional materials obtained from PV
companies and from U.S. Government sources.

Vvarious rural and agricultural power uses were investigated for appli-
cability to PV. For the potentially economically feasible applications, the
present value of life-cycle cost was compared with that of an alternative
power source te determine the first year of cost-competitiveness. The
potential market for the next five yesrs was estimated.

Siatus of PV in Energy Development Plans

Eighty per cent of the commercial energy needs of the Moroccan economy
are satisfied by imported petroleum products, and the volume of oil imports
has been increasing at approximately 8 to 10 percent per year. 1In.terms
of import value, crude oil h7s risén from 4.5 percent of total imports in
1973 to 23 percent in 1980,% or over $1 billion per year. With overall
energy consumption increasing at an annual rate of 10 percent and payments
for energy imports growing even more rapidly, Morocco faces an urgent need
to develop all indigenous energy potential and reduce its dependence on ex-
ternal suppliers.

The realization that the cost of oil imports may soon exceed Morocco's
revenues from the export of phosphates has in fact stimulated interest
in developing Morocco's indigenous energy resources. The new, five-year,
national energy program, with its $3 billion budget, includes programs to:

e intensify oil and gas exploration;

e develop Morocco's very large oil shale deposits;

1/ Banque Morocaine du Commerce Exterieur statistics, May 1981.
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extract uranium from phosphates and introduce nuclear energy;
intensify exploration and productiu.; &f coal, lignite and uranium;

develop renewable energy, particularly solar energy and biomass; and

encourage energy conservation.

Morocco is depending heavily on developing its vast oil shale resources.
Morocco expects to be producing shale oil by 1983 and to have several commer-
cial-scale oil=from-shale production facilities operating by 1990, Explora-
tion for coal and oil is also being undertaken.

The potential for utilization of solar energy in terms of climate condi-
tions is excellent in Morocco. Radiation is abundant throughout the country,
and one peak watt is estimated to provide a daily average output of 4-5 watt-
hours.

Presently there is minimal use of solar enexgy in Moroszco. Photovoltaic
systems arée used to provide power for a remote televisiun repeater station
and reportedly for some military communications installations, but there is
no active ‘narket in Morocco for PV, A number of solar hot water systems
are being marketed. The government has recently established a renewable
enerqy research and development center in Marrakech with U.S. AID and Moroccan
funding totaling $7.5 willion over the next four to five years. Projects
include feasibility and preliminary design studies for all PV and other solar
technologies (the center itself will be equipped with PV panels), biomass,
small hydro and wind systems. American technical involvement has been and
will continue to be substantial in the center's projects. Energy policy res-
ponsibility is fragmented, and PV companies should become familiar with the
various agencles whose activities have potential for PV application,

Despite Morocco's serious search for import-substituting energy sources
and an apparent enthusiasm for solar energy, it is clear that solar energy
is largely thoughtt of as "energy for the future", a research area, by those
in central energy policy roles. The atttual use ¢f solar energy in the context
of national development plans will not be realized during this plan period.
However, "informal" development plans relating specifically to PV are beginning
to take shape in a decentralized fashion at @ number of agencies. These
are agencies such as Ministry of Transport and Ministry of Post, Telephone
and Telegraph which are considering PV systems specifically for ramote power
for TV telecommunications and signalling, Althouagh distant from the forpal plan
process, these activities represent a positive practical approach to the use
of PV systems by the public sector for national policy objectives.

The new national enerqgy policy also intends to accelerate rural electri-
fication, particularly with small and medium scale hydroelectric generation.
The World Bank is a major contributor to Moroccan electricity expansion
efforts and has lent $200 million from 1974 to 1980 for generation, trans-
mission and rural electrification; however, plans indicate that only 8 per-
cent of the rural population will be served by the grid by 1984, and 10 per-
cent by 1995.1/  gtand-alone diesel and gasoline generator sets, used widely

1/ As reported by the Director of Distribution, Office National d'Electricite.
Presently only 7% of the rural population is served by the grid.



throughout rurn)l areas, will continue to be impcrtant as sources of electrical
power,

Implications of Moroccan Agricultural Development Plans for PV Systems

An emphasis on growth in the agricultural sector is included in the
five year plan. Of a total capital budget of approximately $2.5 billion
in 1981, agriculture accounts for 15 percent or nearly $400 million, up
93 percent from 1980. Morocco has become a net food importer; therefore
an important goal is food self-sufficiency, at least to the point where
revenue from food exports pays for food imports. However, it is reccgnized
that the goal cannot be achieved within the plan period.

In order to increase productivity throughout Morocco's large, small-
farm agriculture sector, irrigation and dryland agriculture will be emphasized.
Furthermore,

e The support price of cereals has been increased by 20 percent;
e Milk price has been increased by 15 percent;
e Rice prices were increased by 23 percent;

e The price of improved seed has been decreased and supply has been
increased by 55 percent;

e The taxes on tractors have been lowered by 15 percent;
e The price of fertilizer is remaining the same as last year;

e The amount of credit available for small farmers has been increased.

In addition, the Moroccan fishing subsector will be receiving economic
development as well as increased diplomatic attention. In an attempt to
boost the industry's competitive position against foreign offshore fishing
fleets which are considerably better capitaiized, investment will concentrate
on modernizing the fishing fleet and extension of the 200 mile economic zone,

Availability of Financing Mechanisms and Funds for PV Investments

Morocco offers an extensive financial system capable of handling and, in
fact, facilitating foreign investment. Numerous specialized institutions are
able to provide preferential financing as well as experienced advice for invest-
ments in specific sectors. Medium and long-term credit is commonly available,
although the past several years have seen financing c¢onstraints consistent
with the government's austerity measures. Loans for small borrowers are
difficult to obtain. The financial system attitude would be slightly negative
or neutral toward investments in new technology such as PV. Banking community
contacts were unfamiliar with PV technology and skeptical about its loan pro-
spects. The National Agricultural Credit Bank is a specialized public financial
institution which provides, on average, 70 percent financing for agricultural
equipment, supplies and real estate at rates 30 to 40 percent less than
commercial rates. Portfolio directors and loan analysts there likewise termed
PV "energy of the future" &and mentioned that new technologies were not within
their purview. However, they felt that if a borrower was able to meet normal
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Joan criteria, primarily cash flow, there would be no specific barriers to
FV financing, This attitude was reflected at other banks as well.

The total amount of credit provided to the private sector by the Moroccan
banking system was DH 14.9 billion, in 1978. fTwo ,ercent was provided by the
central bank, 36 percent by specialized institutions and 52 perrant by the
commercial banks. Correspondingly, 38 percent of this total way medium :nd
long-term credit while 62 percent was short term. The distribution to the
private sector for the years 1973 through 1978, showing credit by sector,
origin (type of bank) and maturity, is shown in Table 1,

Table 1 DISTRIBUTION OF CREDIT TO THE PRIVATE SECTOR, 1973-78 1/
(MILLIONS OF DIRHAMS, END OF PERIOD)

1973 1974 1975 1976 1977 1978

BY SECTOR 2/

Commerce 980 128¢ 1411 1507 1Y08 1712
Mining & Industry 3/ 1640 2176 2664 2926 3569 3626
Agriculture 608 699 916 1041 1131 1238
Construction 253 421 448 608 840 974
Tourism i6? 193 207 200 194 an
Other 567 786 1407 1655 2373 2093
Non-classified 1175 1395 1803 2790 3292 4492

BY ORIGIN
Depouit Money Bank 3649 4750 5957 6994 8416 9233
Specialized Cred,lnstit. 1635 2033 2714 k7321 44546 5424
Development Bank .. 515 893 1321 1910 2229
Agriculture Bank .. 604 740 905 996 1232
Constr. & hotels . 673 815 1025 1314 1691
Other Credit Instit. . 240 266 220 234 272
Central Bank 206 173 185 262 23 283

BY MATURITY

“Medium & long term 1603 1980 2720 3540 4629  S64é
Short terw 3887 4976 6136 7187 8478 9296

TOTAL 5496 §9S6 8856 10727 13107 14940

1/ 1Includes foreign claims.

2/ Based on the records of Service Central des Risques covering loans extended by all financial
institutions except Caisee de DEpSt et de Gestion (CDG). Covergge is not complete as small
loans (less than DU 50,000 and DN 100,000 after 1978) are not declared.

+« BNot Available

3/ Includes Energy

SOURCE: Morocco: Basic Economic Revort., Volume II: Statistical Annex,
world Bank Report No. 3289-MOR, Washington, D.C., Dec. 30, 1980, p., 56.
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Potential PV Applications in Moroccan Agriculture

During the visits to Morocco, a number of agricultural applications
that could use PV power systems were investigated. The criteria used in
the selection were:

® Level of production and importance of the product in Morocco.

e Type of operation and its adaptability to use a PV power source.
e Extent of use of the operation in Morocco.
°

Extent of the current level of mechanization of the operations (e.g.,
use of conventiocnal energy systems).

e Size of the power unit required for a typical operation.

The feasibility analysis of individual applications included life-cycle
cost comparisons. PV systems costs were based on the PV cost projections of the
Jet Propulsion Laboratory's "1980 Photovoltaic Systems Development Program

Summary Documents," which were the mest complete and up-to-date projections
of stand-alone PV costs available (See Table 2).

TABLE 2

PV _SYSTEM COST PROJECTIONS FER PEAK WATT (Wp) INSTALLED IN THE U.S.

Syst.em Cost Battery System Cost
Cost of w/o Battery Storage With Battery
Solar Cells Storage Capacity Cost Storage Capacity

July 1980, stand-

10.60 17.17 3.68 20.85
alone system
1982 cost, stand- 2.80 8.05 3.68 11.75
alone system ‘
1986 cost, stand- 0.70 3.87 2.68 6.55
alone system
1986 cost residen- 0.70 1.60 - -

tial system

Actual conventional (gas or diesel) system data for Morocco in 1981 were
the basis for conventional system costs in the life-cycle comparisons. The
parameters used in the economic analysis of PV and conventional power systems in
Morogco are listed below in Table 3.
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TARLE 3

PARAMETERS USED_IN ECONOMIC ANALYSIS OF PV
AND CONVENTIONAL POWER SYSTEMS
Labor Cost in 1980 § $200/month
Fuel Cost in 1981 § Gasoline §3.10/gallon

Diesel $1.65/gallon
Kerosene $1.25/gallon

Real Fuel Cost Escalation 3%

Inflation all calculations made in
real terms

Discount Rate 15%

Analysis Lifetime 20 years

Life of Conventional System ranged from 8-10 years

For each of the following applications the use of PV was rejected on
grounds of cost, even assuming a waiver of customs duties and sales taxes
for public sector purchases and a low 30% margin for PV distributors. These
comparisons also take into account PV's projected lower cost in 1986.

Irrigation: At projected 1986 prices, the life cycle cost of the smallest
(6.25 HP) diesel motor used to deliver B.3 7/s from a depth of 15m will
be half of the life cycle cost of the PV alternative ($12,000 vs. $23,600).
The 15m groundwater depth is minimal for Morocco; at largey depths PV
economics are worse, Diesel also has the advantage of financing flexi-
bility (lower front-end cost), operational flexibility, (diesel can be
operated continuously if necessary while PV is limited to about five peak
hours-equivalent per day), and risk reduction (spare parts and repair
facilities for diesel are widely available).

village water supply: A 20KWp PV system required for supplying water to
2000 villagers from a depth of 50m (for the average Morocco village
water supply project) will have a life-cycle cost in 1986 three times
that of its 12.5 HP diesel alternative ($131,000 vs. $40,000); front-end
costs are $124,000 vs. $2,200. Smaller potable water projects plan to
employ used windmill pumps, which are plentiful in Morocco, and with
which PV is not r.ow competitive.

Grain Mills: The ordinary mill will require a 10 KWp PV system, which
alene will cost $114,600 in 1986, compared with its alternative-- a

12.5 HP diesel motoy costing $2200. Due to the need for storage batteries
and to the long working hours (which allow efficient use of the diesel
equipment), PV is less competitive with diesel in milling than in pumping.
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Highway lighting: The break-even distance at which a PV system is
cheaper than a grid connection is 10 km in 1982, and 6 km in 1986.
Most or all intersections which will be equipped with lights during
the period are located within this distance from the grid.

The possibility for using PV for livestock watering, veterinary extension
posts, cold storage for fisheries, and educational television was investigated
but rejected, primarily because the entire market for any power source in these
applications in non-grid connected locations over the next five years will
be insignificant. A modest potential for PV use was identified in some non-
agricultural rural services, such as refrigerators for rural clinics and rural
radio-telephones. The field findings and the economic analysis offer little
support to the thesis that because of the absence of grid electricity in larger
areas of Morocco, these areas offer considerable markets for PV power before 1986.

The 1986 time horizon is significant because by that date, PV is pro-
jected to be cost-competitive with grid eleutricity as a fuel saver foxr
residential and industrial applications. When this situation is attained,
vast markets will open for PV in the areas which already have electricity,

and the assessment of applications in non-grid-connected locations is likely
to lose its motivation.

Other Feasible Rural Applications

During the course of the team's visit it became apparent that non-
agricultural applications may present a noteworthy Moroccan PV market.

These applicatiorns include:

Rural TV Receivers:; The Television Directorate believes that if PV-powered
television sets were widely available at a reasonable

price, a large rural market could be successfully tapped,
assuming:

(a) design of a PV module specifically to fit the
TV sets and batteries commonly in use in rural
Morocco, containing all the necessary elements
(including connecting cables, mounting rods, etc.)
and of the minimum size required for powering the
TV set (not a system designed to power TV, lighting
and various home appliances together);

(b} proper advertisement of the systems; and
(¢) competition among various dealers to keep
dealer margins to a minimum.

TV Repeater Stations: A PV-powered TV repeater station has been functioning
in Morocco for two or three years with better reliability
and maintainability than tne diesel alternative.
The equipment is from the U.S.

Microwave Relay Stations: The Ministry of Post, Telephone and Telegraph

is now considering using PV to power future micro-
wave relay stations.



Railroad Signals:
Marine Signals:

Alrport Signals:

Traffic Counters:

Rural Radio
Telephones:

Refrigerators for
Rural Clinics:

Market Assessment

Opportunities exist to use PV to power warning lights,

Light buoys and lighthouses to be installed by the Directorate
of Secondary Ports hold some promise for PV application.

The Air Directorate is interested in powering radio
beacons by PV. Telephone systems at small airports
mighkt also be PV-powered.

The National Center for Highway Research is interested in
replacing batteries to power traffic counters with PV.

The Ministry of Post, Telephone and Tolegraph has installed
a PV-powered radio telephone in a remote location with
satisfactory results.

PV~-powered medical refrigerators would be advantageous in
locations where the transport and cost of butane con-
tainers pose real problems. The USAID/Rabat is currently
considering buying five PV refrigerators.

Order~of-magnitude market size approximations, based on life-cycle cost
comparisons and other factors, are as displayed in Table 4.

Table 4 - Morecco PV Market Potential (1981-1986)
(1) Rural TV receivers B750 units @ 20 Wp 175 kWp
(2) TV repeater stations 40 units @ 1 kWp 40 kwp
(3) Microwave stations 10 units @ 3.6 kWp 36 kwp
(4) Railroad stations 100 unitg @ 300 wp 30 kWp
(5) Marine Signals:
light buoys 100 units @ 240 Wp 24 kwp
lighthouses 20 units @ 600 Wp 12 kwp
(6) Traffic counters 100 units @ 60 Wp 6 . kWp
(7) Airport signals 10 units @ 300 Wp 3‘kWp
(8) Rural radio telephones 40 units @ 100 Wp 4 kWp
(9) Refrigerators for rural 50 units @ 200 Wp 10 kWp
clinics
Total Maximum Demand for PV 340 kwp

At an average cu
to $30/Wp, the total
range of $6.1 million

In all cases exc
estimates of this ins

stomer cost for complete installed systems from $18/WP
potential market value of 340 KWp is estimated in the
to $10.2 million over the period.

ept PV-TV the clients are public agencies. The above
titutional market are an approximation based on the
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declered objectives and expected budgets of agencies and services interested
in purchasing PV systems as indicated b: the directors of these organizations.
A more definitive market estimate may be possible in a few months upon the
publication of the 1981-1085 five-year plan. Realization of the potential
institutional maiket will further depend on:

e the degree of success of the government agencies concerned in ob-
taining and exscuting the planned budgets; and

® the ccst~-competitiveness of PV systems in each individual case, which
in turn will depend to a considerable extent on the markup of the
distributors of PV systems and on the customs duties levied on PV.

The growth rate of the potential PV market over the period 1981-1986
is too uncertain to permit a further division of the five-year market poten-
tial into annual sales potential or targets. For example, in some applications
judged to have significant potential for PV, such as TV receivers and marine
signals, the market will require early stimulation, advertising, and testing
with sales accelerating in several years. It can only be estimated that
certain applications in which pilot experience already exists in Morocco
(notably radio-telephone, microwave and TV repeater stations) may soon be
ready for more substantial orders, while in other uses {e.g., railroad, airline
and marine signals) a pilot demonstration must be the first step.

In the study, rural TV receivers are shown to have a potential market
over the next five years larger than all other applications combined. This
potential is enhanced by the existence of dealer credit systems which can
be used for financing the purchase of PV power, by the inconvenience of the
alternative power source (battery recharging), by the cost-competitiveness
of PV in this use, and by the prestige it is likely to confer on the user.

An important consideration for the development of PV markets in Morocco

and elsewhere is that widespread use of "PV-TV" could also be the ideal means
to familiarize the rural sector with PV power and to create the distribution
and maintenance network which will facilitate the spread of other PV uses

as they become cost-competitive. However, at present this is only a potential.
Exploitation of the PV-TV market will depend on:

e manufacturing dependable PV packages which readily fit the types
of TV sets and batteries in common use in Morocco (or elsewhere);

® proper advertising; and
® encouragement of competition among dealers to maintain a reasonable

consumer price.

Business Environment for Marketing PV Systems

various characteristics of the Moroccan business climate are noted in
Table 5. American PV manufacturers face both advantages and disadvantages
in trying to develop the Moroccan market. The principal advantages are that
in the public sector there is a genuine enthusiasm for PV and other solar
technology, as well as relative awareness and knowledge of PV applicatio:is
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Table 5 -~ Characteristics of the Moroccan Business Climate

Area

Foreign Competition

Business Environment

Awareness of PV

Regulations and Tariffs

Present Status

American firms generally well-regarded

Strong competition from the well-established
French

No Moroccan PV production; little other solar
production

Generator manvfacturing under Gexman, British,
French and Rimerican licenses takes place in
Morocco

Increasingly attractive investment climate

Credit institutions neutral or slightly negative
to investment in new technologies

Stated policy of attracting American firms

No specific incentives for solar or PV companies;
some are under consideration

50% Moroccan directorshir required for most
companies

Long-term capital is scarce

Well-established conventional generator market

Private investment encouraged in priority sectors
by tax and other incentives

PV marketing now done through pump or electrical
supply distributers

Low wages for workers

Public officials in relevant sectors well aware
and often enthusiastic

Farmers generally unaware and often skeptical

Banking sector generally unaware and sometimes
skeptical

Customs duties exemptions

100% foreign ownership eligibility of solar
businesses under consideration

Business registratiun requirements are complex

Import licenses required for only about 25% of
imports

Import regulations now being clarified

xviii



and advantages in some important sectors such as telecommunications and agri-
culture. In addition, a number of American PV companies are becoming active
and establishing name recognition. Also Moroccan general business invest-
ment incentives are increasingly attractive and there is a stated policy of
attracting American firms.

Disadvantages are important as well, and the most important have to do
with PV cost-competitiveness and the well-estaklished market for conventional
electrical generator equipment. No specific incentives exist for PV or solar
companies, although some are under consideration. Long~term capital is
scarce in Morocco, as are an overall awareness of PV systems and private
entrepreneurial interest. And American firms, although generally well-regarded,
face keen competition from the French who are well-established in Morocco
private and public sector trading. Tariff import regulations present some
confusion, although these are being progressively clarified.

Conclusions

The analyses of potential PV applications in Morocco indicate that
there is very little PV markat potential in the agricultural sector in
the near term, and other rural sector service applications present only
slightly better potential. The use of PV was rejected on grounds of cost
for the agricultural and rural service applications of irrigation, village
water supply, grain mills, and highway lighting. The possibility for using
PV for livestock watering, veterinary extension posts, cold storage for fisheries,
and educational television was investigated but rejected, primarily because
the entire market for any power source in these applications in non-grid
connected locations over the next five years will be insignificant. A modest
potential for PV use was identified in some non-agricultural rural services,
such as refrigerators for rural clinics and rural radio-telephones.

However, significant market potential was found for telecommunication
and signalling applications. The maximum size of the potential market for
PV in Morocco over the next five years is estimated to be about 340KWp:

Morocco PV Market Potential (1981-1986)

Rural TV receivers 175 kWp
TV repeater stations 40 kwp
Microwave stations 36 kWp
Railroad stations 30 kWp
Marine Signals:

light buoys 24 kWp

lighthouses 12 kwp
Traffic counters 6 kWp
Airport signals 3 kWp
Rurzl radio telephones 4 kWp
Refrigerators for rural clinics 10 kWp

Total Maximum Demand for PV 340 kWp
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In sum, the growth path for PV power in Morocco will likely be similar
to its historic growth path in the U.S. Until PV is able to supglement grid
power as a daytime electricity saver, i.e., after 19686, the markel for PV
power in Morocco wiil be in telecommunications, signalling, battery charging
applications, and small motors.
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MARKET ASSESSMENT OF PHOTOVOLTAIC POWER SYSTEMS

FOR AGRICULTURAL APPLICATIONS IN MOROCCO

1.0 INTRODUCTION
1.1 Background

The United States National Photovoltaic (PV) Program has been established

by the U.S. Department of Energy (U.S. DOE) to advance PV power systems to the
economic marketing stage where they can contribute significantly to the U.S.
energy requirements by the end of this decade. Ongoing research,’development
and demonstrations are directed at achieving major system cost reductions and
field experience with PV power systems. The program is managed hy the U.S. DOE
and consists of several project ¢enters, one of which is the Photovoltaic
Stand-Alone Applications Project Office at NASA Lewis Research Center, Cleve-
land, Ohic. This proiject office is conducting international market assessments
to ascertain whether stand-alone PV power systems can provide useful and eco-
nomically productive power for various applications in developing countries
during the next several years. This report on Morocco is the fourth in the
case study series on PV applications in agriculture (The Philippines,

Nigeria, and Mexico).

1.2 Objectives

The types of potential photovoltaic applications ronsidered in the contract
are those requiring less than 15KW of power and operating in stand-alone
configuration without back-up power. These applications include: irrigation,
rural water supply, post-harvest operations, food and fiber processing and
storage, and livestock operations. A team composed of representatives, of DHR,
Incorporated, Associates in Rural Development, Inc., and the NASA/Lewis
Stand-Alone Applications Project Office, visited Morocco from April 19 to May 15,
1981. The primary purpose of this report is to provide an assessment of the
market for stand-alone photovoltaic systems in Moroccan agriculture.

During the course of the team's visit it also became apparent that non-
agricultural applications may represent a significant Moroccan PV market
potential. Some of these are remote microwave and TV repeater stations, rural
TV receivers, refrigeration for rural clinics, and a number of transportation

signalling applications. This report performs the market analysis for these



applications, using the same methodology as for the applications in the
agriculture sactor.

This study proposes to identify applications with high PV sales potential
so that pliotovoltaic suppliers and distributors can develop appropriate
marketinrg strategies. The market analysis provides the following essential
market information for Morocco:

® Level of interest, awareness and experience with PV power systems,

e Estimates of potential market size for PV power applications in the
agriculture sector.

® Operating and cost charactnristics of gasoline and diesel power
systems that will compete with PV.

e Energy, agriculture and development goals, programs and pulicies
which will influence PV sales.

e Appropriate financing mechanisms and capital available for PV system
purchases.

® Investment climate for U.S. comparnies and appropriate methods fox
conducting business in the countyy.

In addition to the data collection activities, the team members gave a
presentation on PV energy systems and their current appliications to a wide
variety of audiences, They alsp distributed sets of brochures consisting
of technical and promotional material obtained from PV companies and from

U.S. Government sources.

1.3 study Approach

The approach consists of a focused data collection effort in the country
followed by a detailed analysis and a market assessment based on this data.
This process is described in greater detail below.

1.3.1 Moroccan Information and Data Base

The major activity of the team members was a series of meetings
with a wide variety of Mgroccan experts to obtain current data and their
evaluations of factors important to introducing PV power systems in agricul-
ture. Site visits were also made to obtain power requirements and energy
usage profile data for several agricultural applications. Agencies and
individuals contacted include businessmen, officials and scientists at the
following:

® Ministry of Agriculture and Agrarian Reform

® Ministry of Energy and Mirnes



were

Ministries of Public Health -- Federal and Provincial
Office National de Electricite (Na:ional Electrvic Utility)
National Meteorological Service

Ministry of Interior

Ministry of Post, Telephone and Telegraph

Ministry of Transport

Central Bank, Development Banks and Bank of Exterior Commerce
Agricultural Machinery Dealers and Associations

Energy Systems Manufacturers and Distributors
Photovoltaic Systems Manufacturers and Distributors
Farmers ard Agribusiness

U.S. and International Aid Organizations

U.5. Embassy and Consulate

Appendix A gives the names and addresses of about 70 individuals who

interviewed during the Moroccan visit.

The type of information collected included the following:

Aggregate statistics including: level of agricultural production:
type of production; distribution of production by size of opera-
tion; solar insolation; production trends.

End-Use system configuration description &nd characterization of:
current agriculture practices in terms of: operations; machinery
used/duration of use; availability of resources (labor, parts,
energy, etc.); PV impacts; economics; financing; diesel/gasoline/
electricity use; aind costs of competing systems.

Balance-of-system availability and barriers to the implementaticn
of PV systems that are related to: costs and availability of balance-
of-system parts or equiwment; skills of workforce.

Government energy policies and attitudes, both existing and planned:
rural electrification; prices/supply; renewable energy;
consumption; type of energy used; PV systems.

Government agricultural policies, both existing and planned, with
regard to: crop production; introduction of new techniques and
equipment; role of renewable energy systems in agriculture; in-
centives (financial and other); land reform/land use; employment
generation; import of agricultural systems; storage; research work;
marketing.
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e Financing mechanisms and availability of credit for ?V use in
agriculture.

In addition, qualitat.ve information was also sought in order to

allow a realistic and complete market assessment. These areas include:

® Government attitudes and policies including: the level of aware-
ness or interest in PV~-especially units of less than 15 Y4 for
agriculture purposes, and policies conducive to or hindering PV
marketing and use.

® Marketing channels and identification or potential barriers/in-
centives in the marketing of PV systems, including the present
structure of markets; buying patterns; service/installation;
profits; and availability of equipment.

e Business environment, incentives and barriers that U,S. companies
face when planning to conduct PV business or organize joint
ventures.

1.3.2 Data Analysis and Maryet Rssessment

The data and information discussed above have been evaluated to develop
an integrated market assessment for PV systems in Morocco. The assessment

==

pays particular attention to:

® Moroccan national development plans in agriculture, energy and
overall economic development, in which the government plays a
central role.

e Peasibility of PV for use in Moroccan agriculture and other appli-
cations.

e Cost-competitiveness of PV compared to its least=cost yrastical
alternative.

e Awareness and attitudes toward investing in PV systems, including
non-agricultural applications.

e Funding availability and mechanisms.

e Suitability of existing market structures for distributing in~
stalling and maintaining PV systems.
For economic comparisons of PV power systems to alternatives, the study
performs financial analysis for the near to mid term, i.e., the next five years.

The data requirements include power, usage profiles, current and estimated future



use in Moroccan agriculture and other applications; competing systems; cost,
financial and economic parameters; solar insolation data; and projected PV system
costs. The ohjective of the analysis was tc determine for cacn application

the first year of cost-competitiveness and the market potential thereafter.

For the economic compaxison, the analysis was based on “he PV cost projections
made at JPLL/, which are the most complete and up-to-date projections of PV

costs available. JPL has projected PV system costs as follows:

PROJECTED COSTS OF PV POWER SYSTEMS
INSTALLED IN THE U.S., IN 1980 DOLLARS PER PEAK WATT (Wp)

System Cost Battery System Cost
Cost of w/0 Battery Storage With Battery
Solar Cells Storage Capacity Cost Storage Capacity
July 1980, stand-alone
system 10.60 17.17 3.68 20.85
1982 cost, stand-alone
system 2.80 8.05 3,68 11.73
1986 cost, stand-alone
system 0.70 3.87 2,68 6.55
1986 cost, residential
system 0.70 1.60 - -

The outputs of the financial analysis are combined with the team's over-
all assessment to give an estimate of the market size in Morocco. It
should be noted that market size estimation procedures used in this analysis
assume that if PV is to obtain a significant market share, it must be cost-
competitive with the least-cost, pragtica}l alternative. There are, however,
cases where other advantages of PV systems far outweigh cost concerns. One
example of such an application is remote operation of a signaling or moni-

toring device. As appropriate, such applications are noted.

1.4 Report Organization

Chapter 2 of this report presents an overview of Morocco in terms

of important economic and demographic characteristics, its energy situation,

1/

"1980 Photovoltaic Systems Development Program Summary Documents."”
Jet Propulsion Laboracu.y, Pasedena. (See Appendix B for more detail)



relevant government organizations, climate, agricultural regions, and major
domestic export crops. Chapter 3 describes development plans and policies
as they influence PV systems use in agriculture and other applications.
Chapter 4 describes the financial institutions and funding programs that
can play a major role in financing PV sales. Chapter 5 describes the
relevant business environment in Morocco, and the specific advantages and
disadvantages for developing PV markets. Chapter 6 describes in detail
potential PV applications in the agricultural and rural sector in Morocco.
Chapter 7 describes in detail other PV applications in Morocco such as
telecommunications and signalling. Chapter 8 assesses the overall market

size and describeit the major conclusions of the analysis.



COUNTRY OVERVIEW

2.1 Demography and Economy

Morocco has a population estimated at over 20 million in 1980; with a

high annual growth rate of 3.1 percent, making it one of the most populous
nations in the Arab world. Fifty-nine percent of the population is classified

as rural and forty-one percent as urban, with a much faster urban growth

rate (4.4% vs. 1.8%) due to rural-to-urban immigration. Per capita gross

national product (GNP) is estimated at U.S. $842 (1980),1/ reflecting
very little change from 1979;2 The government is a constitutional monarchy
with great political power cmncentrated in the King, who is both head of
state and the spiritual leader of Morocco's 99 percent Moslem population.

Morocco is on the northwest corner of Africa with extensive coastlines
on both the Mediterranean and the Atlantic. It is the closest African
nation to Burope separated by the strait of Gibralter, and shares borders
with Algeria to the east and Mauritania and the Western Sahara to the south-
east and south. Morocco's topography is sharply divided into open, agri-
culturally fertile lands on the Atlantic and Mediterranean plains, the high
and rugged Atlas and Rif mountains in the center and north of the country,
and arid plateaus and the Sahara covering the northeast and eastern parts of
the country. The major ¢ities (Casablanca, Rabat, Marrakech, Fez, Agarira,
Tangier) and the vast majority of the population are concentrated in the
coastal and plains areas,

The Moroccan economy as a whole is characterized by small but increasingly

modern and productive industrial, commercial and service sectors in urban

areas contrasted by a large generally traditional agricultural/rural sector.

At 1980 exchange rate of $1 = 3.8 :-‘rhams (DH); current exchange rate
is approx. $l = 4.8 DH.

"Foreign Bconomic Trends and Their Implications for the U.S.:Morocco”,
U.S. Dept. of Commerce, International Trade Administration, Washington,
D.C., February, 1981.



Morocco has been experiencing growing food and balance-of-trade shortialls
in recent years, and economic problems are exacerbated by oil import price
increases (Morocco is 80% dependent on imports) and the continuing Western
Sahara conflict in the south. Its short-term problems are largely financial,
and Morocco depends to a certaln degree on donor assistant and concessional
loan terms for development. However, Morocco's longer term potential remains
positive due to its wealth of resources, particularly phosphate, of which
Morocco is the international market's largest supplier, and oil shale.
(Key economic indicatorsg axe shown in Appendix ),

Morocco has a total land area of 69 million hectares, about the size
of Oregon and Washington together, of which 7.7 million ha are suitable
for cultivation, and 20 million ha are in semi-arid or mountain regions
suitable only for grazing and forests. Permanent irrigation covered 720,000
ha in 1977. About 5.3 million ha of the 7.7 million of agricultural land
are cultivated each year; the remainder is under tree crops (0.4 million

ha) or left fallow (2.0 million ha).

2.2 Agricultural Sector Qverview

The agriculture sector, including fisheries and forestry, is very
important to the Moroccan economy, normally accounting for 20 to 25 percent
of GNP and &0 percent of the total workforce. 1In recent years, however, the
gavernment has devoted considerably less attention to improvement of the
agricultural sector than to mining and industrial development. Consequently,
agricultural production has remained fairly constant, which has resulted in
large food imports recently to satisfy the neieds of Morocco's rapidly growing
population. Agriculture's share of GNP is estimated at 18.7 percent
in 1980.l/ In addition, Morocco has suffered a protracted drought for the
first half of 1981, virtually destroying the winter cereals crop and certain
to have serious impacts on external trade and the overall economy this year.

The agricultural trade deficit for the first 11 months of 1980 was
DH 848 million, or $223 million, representing 13 pe¢rcent of the country's

total trade deficit for the period.g/ Because of population growth and

\

l/ *Monthly Information Review," Bangue Morocaine du Commerce Exterieure,
No. 34, April 1981, p. 2.
2/

"Morocco: Agricultural Situation," Attache Report #MO-1006, U.S. Embassy,
Rabat, Morocco, February, 1981, p. 9.
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inconsistent weather in the past several years, Morocco has slipped from
being a net food exporter to becoming a net food importer, with both
quantity and value of food imports increasing steadily. The primary imports
are wheat, sugar beets and cane, corn, oilseeds and vegetable oils. The
primary exports are citrus fruits, vegetables, fish, potatoes and pulses.

Of Morocco's 5.3 million ha under cultivation, about 4.3 million ha are
planted under winter cereals, 500,000 ha under pulses, 140,000 ks under
vegetables, 60,000 unde’ sugar beet, and the remainder under oilseeds, cotton
and forage crops. Most cultivated land is found in. the northern half of
Moroceo and along the Atlantic Coast where the climate is mediterranean.
Aridity increases toward the south becoming desert, east and south of the
Atlas mountains. Most industrial crops, forage crops, vigetables and citrus
fruits are grown under irrigation, which also provides almost all export
crops., About 50% of Morocco's cultivable land receives about 14 inches or
less of rainfall, and is generally put under a barley/fallow rotation. Most
of Morocco's rainfed areas are characterized by traditional agricultural
practices. Despite government efforts, limited use is made of fertilizers,
pesticides, herbicides, high yielding seed and farm machinery. As a result,
crop yields and livestock productivity are generally low.

Livestock raising is primarily extensive, based on grazing of pasture
land, Intensive livestock production, based on cultivated forage crops,
barley, or industrial crop residues, is rapidly becoming important in
irrigated and high rainfall areas., About one-third of agricultural GNP is
generated by the livestock subsector. Estimates of Moroccan livestock in
1980 are fragmentary but are as follows: 14.2 million sheep, 5.1 million

1/

goats, 3 million cattle, 300,000 horses and 10,000 swine.=" Crop production

in Morocco is shawn in Table 2-1.

Y/ "Morocco: Agricultural Situvation," op. cit., p. 31.



Table 2-1
Morocco Agriculture Production
1979 and 1980 (thousands of MT)

Item 1979 1980
Durum Wheat + 1260 1331
Bread wheat 540 480
Barley 1886 2210
Corn 311 333
Pulses (Peas,

lentils, broad beans) 262 231
Fisgh 260 NA
Qilseeds (Sunflower,

peanut, cottonseed) 46 54
Olives 250 175
Citrus 877 1037
Sugar beets & cane 2453 2561
Tomatoes 412 400
Potatoes 386 390
(Total vegetable) 1200 NA

SOURCES: "Morocce: Agriculture Situation," Attache Report M0O-1006, U.S.
Embassy, Rabat, Morocco, February 1981 and "Memorandum on Morocco's
Agricultural Sector,"™ World Bank Report No. 2667a-MOR, Washington, D.C.,
May, 1980

Over half the farms in Morocco are under 7 ha, and one-quarter of
cultivated land is in farm holdings bhaving an average size of 1.6 ha. Since
1966 the government has distributed 350,000 ha of farmland formerly occupied
by Europeans. However, land is still inegquitably distributed and the
vast majority of families use traditional farming methods on small famms.
Very little credit is available to small farmers in practice. Forty percent
of farm lands are in holdings of 10 to 50 ha, and almost 17 percent are in
holdings of over 50 ha. Mechanized, industrial farming is conducted on some
of these larger holdings, concentrating on cash crops fur export such as
citrus, vegetables and oilseed products.

Farm input subsidies are available to all categories of farmers, and

they are designed to induce farmers to use modern inputs (fertilizer, machinery,
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irrigation, seeds, etc.) to increasecrop and livestock production. However,
large farms obtain most of these subsidies and small farm practices and
production continue to stagnate., Morocco also has a policy of subsidizing
some retail food prices (flour, sugar, oils, milk) to keep consumer food
casts down, and of providing fixed prices for some crops to producers. These
suhsidies have had questionable impacts on production levels.

The prospects for continued growth in agricultural production are presently
threatened by the drought, and emergency measures to combat it are being
initiated by the government. Otherwise, the government is intending to place
increased emphasis an the sector in the new five year plan (see Chapter 3),
with greater attention to small farm productivity, irrigation, dairy and
sugar self-sufficiency, modern inputs, and export expansion. Both the World
Bank and R.S, AID have significant agriculture development aid programs active

in Morocco. (For more detail on Morocco's agriculture sector, see Appendix D).

2.3 Energy Sector Overview

The commercial enerqgy needs of the Moroccan economy are satisfied
pPrincipally by petroleum products, hydroelectricity (9 percent) and coal
(10 percent). Virtually all petraleum is imported, although significant
refining is conducted in Morocco. The volume of oil imports has been
increasing at approximately 8 to 10 percent per year. In terms of import value,
crude oil has risen from 4.5 percent in 1973 to 23 percent in 19801/o£ total
imports, or over $1 billion per year. With overall energy consunption increas-
ing at an annual rate of 10 percent and payments for energy imports growing
even more rapidly, Morocco faces an urgent need to develop all indigenous
energy potential and reduce its dependence on external suppliers.

The realization that the cost of oil imports may soon exceed Morocgo's
revenues from the export of phosphates has stimulated interest in developing
Morocco's energy potential. Morocco is depending heavily on developing
its vast o0il shale resources, of which it has the world's fourth largest
estimated reserves (after the U.S., Brazil and the U.S.S.R.). 1In cooperation
with several American firms, Morocco expects to be producing shale oil by

1983 and to have several commercial-scale oil-from-shale production facilities

1/

= Banque Morocaine du Commerce Exterieur statistics, May 1981.
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operating by 1990. Morocco may well be the world leader at present in
applying retorting technology.

Morocco also has some coal resources, whose production is heavily
subsidized, and there are indications that these resources are significantly
greater than present known reserves, Production was 720,000 MT in 1978, up
from 565,000 MT in 1973 (see Table 2-2) and should continue to follow similar
growth with the need for electricity and the need todisplace oil use.

Table 2-2

Energy Production

Unit P W Uy S Y S U7 W U - S U\ S Ut LA L1

CoMl, ersnnevsransnsrss  A000 &, 433,0 74,5 546.8 565,0 574.0 652,0 702.0 707,0 20,0
Crude 0d)ciiricararers 3000 t, 44,2 22,6 28,4 42, 25,1} 20,3 8,1 22,0 24.3
Natura) gas.iy iy million mld 43,1 47,0 62,9 83,5 7.2 70.8 T} 86.2 84,5
Electric energy,,,.,million kvhr 2,025,6 2,193, 4 2,470.) 2,790,0 3,068, 3,269,5 3,348,2 3,670,) 4,100,0
- Hydroelectricity " hwhy 1,345.8 1,562.9 1,631,6 1,233.0 1,382,0 1,029.8 97,4 1,273,5% 1,392,0
= Thermal s iisrisr - kwhy 679,8 630.5 838.7 1,557.0 1,686,3 2,239.7 2,370,868 2,396.6 2,707, 0

SOURCES: Ministere de )'Energie et des Mines, Office National diElectricite

Known supplies of oil and gas will be exhausted within a generation at
current utilization rates (approximately 24,000 MT/year for oil and 84 million
m3/year for gas (See Table 2-2). There are strong indications, however, that
Morocco has as yet undiscovered oil deposits, and has begun limited cuastal
exploration for oil. However, the costs for exploration and eventual develop-
ment is high, and Morocco will remain dependent on imported petroleum for
some time to come. Morocco imports crude oil and refines it domestically
into numerous finished products through a well-developed refining industry.
Fuel prices are regulated at following prices, based on a May 1981 exchange
of $§1 = 4.8 Dh.

Gasoline: $3.10

Diesel: $1.65

Kerosene: §1.25
Diesel and kerosene are subsidized because of their importance to transport
and agriculture; but higher prices for each fuel have been reported in rural

areas. Official discussion of reducing or eliminating fuel subs<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>