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TECHNICAL ANALYSIS AND ECONOMIC EFFECT OF AN INDUSTRIAL
INITIATIVE IN THE PHOTOVOLTAIC SECTOR

Riassunto
In questo lavoro valutiamo il potenziale impatto economico, in termini di produzione
indotta e incremento di occupazione, di un'iniziativa industriale per la fabbricazione di
moduli fotovoltaici in Marocco. Questo paese presenta, in effetti, un potenziale per
installazioni fotovoltaiche molto interessante, come d'altra parte provano i numerosi
programmi nazionali e internazionali attualmente in corso.
Nel nostro studio, descriviamo, innanzitutto, il processo relativo alla produzione dei
moduli, caratterizzandone ciascuna fase con i relativi costi, adattati al contesto prescelto per
questo studio. Quindi, adottando la metodologia di analisi delle interdipendenze
economiche, valutiamo l'impatto sul sistema produttivo di una domanda finale di moduli
fotovoltaici per complessivi 5 MWp di potenza. Tale domanda, che corrisponde a una spesa
di 16.3 milioni di euro, attiva (direttamente e indirettamente) un incremento di produzione
pari a 57.6 milioni di euro, quando le celle sono prodotte in Marocco. Nell'ipotesi che le
celle siano importate, invece, l'incremento di produzione è di 22.3 milioni di euro.
L'impatto sull'occupazione, in termini di creazione di posti di lavoro, ammonta a 2570
unità nel primo caso e 489 nel secondo. La ricaduta produttiva e occupazionale della
domanda di moduli dipende fortemente dalla disponibilità dei beni intermedi a livello
locale.

Abstract
In this paper we assess the potential economic impact of an industrial initiative in the
photovoltaic manufacturing sector, in terms of induced production and job creation, to be
implemented in Morocco. This country exhibits indeed a high potential for photovoltaic
installations as proved by the relevant number of national and international deployment
programs currently underway.
Solar electricity generation schemes look very promising for the relevant role they could
play in the future, CO2-emission free, world energy scenarios making potentially more
appealing the planning of longer-term public investments.
In our study, we first describe the manufacturing process providing the solar modules as
final output and associate to each step of the process the corresponding costs.
Then, using input-output method, we evaluate the economic impact of the production of 5
MWp modules a year under different hypotheses. A production of 5 MWp photovoltaic
modules, which require an overall investment of €16.3 millions increases gross domestic
product of €57.6 millions if cells are locally produced and only of €22.3 millions when the
cells are imported, creating 2570 and 489 jobs, respectively. These results outline the
importance of availability ofinputs in local economical context.

KEY WORDS: solar industry, cells, economic impact, morocco, technology transfer,
developing countries
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Introduction
Solar electricity generation schemes look very promising for the relevant role they could play
in the future, CO2-emission free, world energy scenarios. The share of energy demand
potentially covered by solar energy and the potential reduction of carbon dioxide emissions
has been already studied (S H Kim et al, 2000). All the implications of the deployment of
large-scale solar electricity installations need to be investigated well in advance so that the
technological feasibility, the environmental impact, the financial constraints and the level of
socio-economic impact may be fully assessed (Kurokawa, K et al, 2000).
In particular, when photovoltaic (PV) electricity generation schemes are considered, due to
systems installation and PV infrastructure development, a large-scale demand for PV systems
can produce meaningful socio-economic implications in terms of induced production and job
creation. The implementation of PV manufacturing facilities may stimulate several economic
activities helping the setting up of a local industry and inducing a more environmentally
sound development in the selected region.
The implementation of photovoltaic systems in rural areas is also appealing as it might help
to satisfy the need of electrification of large regions of developing countries. It is known that
each kWh made available in areas not reached by the grid, improves the quality of life in
terms of larger food availability, lower transportation costs, better health conditions and
longer life expectancy, better possibility for providing instruction training and information.
In other words electricity represents an essential means to start an accelerated scenario for
growth and development (P Menna, P Paoli, 1998).
After describing the status of the world PV module production, the future prospects and the
technology cost issues (section 1), in section 2, which ends Part I, we provide details on the
PV modules production process, particularly the module manufacturing, the segment of the
process more reasonable to consider for operating a transfer to the current industrial
environment of the considered region.
The economic impact on the country is assessed by using the input-output (I-O) technique. A
case study for a manufacturing facility to be implemented in Morocco is then analysed (Part
II). To this purpose, we utilize the breakdown of facility implementation expenditures by
economic sector using the classification given for the available I-O matrix. To detail
expenditures, in section 4 we first consider the flow diagram of the process, then the
equipment/machinery required and finally the labor organization. The specific parameters for
the technical and economic assessment of the manufacturing facilities (for instance labor and
building costs, electricity cost, local availability of the equipment and/or machinery), have
been adapted to the local context.
In section 5 we present the methodology used to assess the socio-economic impact of the
initiative to manufacture modules and/or solar cells upon the Morocco social environment in
terms of job creation and induced production. The results are discussed in section 6.
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Part I: The Photovoltaic sector

1 World PV module production
The world market for photovoltaics has been growing at more than 20% annually for the past
several years. The USA and Japan have been market leaders over much of the history.
However, the European market position has improved steadily over the past 5 years. The
total world market was close to 275 MW in 2000, a more than 30% increase from 1999.

In fig.l it is shown the total shipments of the photovoltaic modules in the world and its
splitting among the different market regions (in the years 1990-2000). Japan, that was behind
the other regions in the mid-90s, increases its share becoming the first manufacturer of solar
modules in 1999 and confirming this position in the year 2000.

Single-crystalline silicon had been the industry standard in PV markets, covering a 49 %
market share in 1997. However, multi-crystal has taken over the top position with a 44 %
share in 1998 and is still increasing its share. The contribution by the other technologies (i.e.
thin film) appears still small.

Growth in the world market will be strongly influenced by PV costs and available
technologies. Thin film research and development continues to show great promise in the
Europe, USA, and Japan. Improvements in performance and efficiency of solar cells are
making it more competitive with single and polycrystalline.
Today's cost of crystalline silicon modules could be estimated considering that the current
price of almost €3.5-4 per peak watt includes all costs as well as marketing and management
overheads for that product line. It is worth noting, that while the module prices have been
essentially stable, in the last 4-5 years, the manufacturing costs have been reducing,
increasing the profit margins. The cast-ingot multi-crystalline Si option continues to have
module costs slightly lower than those of the single crystal.
We give in table 1 the estimated breakdown of the costs for module manufacturing . Needless
to say, this breakdown is only approximate as it may be different in different factories.
Nevertheless it is useful in drawing some conclusions.

2 The modules manufacturing process
In this section we briefly illustrate the solar modules manufacturing process. Conceptually
the process flow diagram starts with the production of material feedstock and includes the
whole sequence until the integration of systems, their adaptation and commercialization.
Within the process we can recognize the main following segments:
a) feedstock preparation
b) wafer production;
c) solar cells manufacturing;
d) modules production;
e) system integration and/or adaptation.



Lower levels in the process streamline correspond to lower technological content and smaller
manufacturing units. As a consequence, smaller investments are required. The production
level which is needed to ensure profitability increases at higher levels of the streamline, as
conceptually depicted in fig. 3. Broadly speaking, the reported size corresponds to the
minimum profitable capacity. To simulate a vertically integrated process the overall
production (equivalent to 1000 MWp/year of PV modules) has been kept constant.
For this reason, the size of the investment and the technology needs for a new enterprise to
enter the sector are strongly dependent upon the entry level in the process streamline and the
level of integration.
It is unlikely that vertical integration will cover the whole process from a) to e), it is more
likely for a facility to be partially integrated from c) to e) or d) to e).

Moreover, it is unlikely for the first segment, feedstock preparation, to be carried out within
Photovoltaic sector. As known, the PV industry relies on secondary polysilicon, such as the
excess or rejected material from electronic-grade polysilicon feedstock production. The so-
called polysilicon material is produced by few manufacturers in the world, mostly to serve
the electronic industry. Only a small share of this production becomes feedstock for the
wafer production.
In other words, there is no such a thing like a dedicated supply for the PV industry, because
the overall demand from PV is still low. At the year 2000 shipments level of about 275 MW,
considering a conversion of 15-20 tons of polysilicon per MW, it comes out a demand of
4000-5000 tons of polysilicon: a capacity that may be still limited to make the manufacturing
profitable. This means that phase a) is carried out by industries which do not generally rely
on demand from the Photovoltaic industry alone and are not strictly part of the sector. This
phase is excluded from the analysis.
We focus our technical analysis on modules assembling, assuming that wafer and solar cells
are an input of the production process. This choice is coherent with the size of the investment
we believe adequate, which correspond to 5 MW modules production a year1.

2.1 Description of the production process
The production process is described in this section while in section 4 we analyze the cost of
implementation of segment d) of production in Morocco.

1 Incidentally, it is worth reporting that BP-Solarex, the world's largest solar energy company, recently
(Apr 2000) opened a PV panel manufacturing plant in Malaysia. BP Solarex (M) Sdn Bhd is a joint
venture company between BP Solarex and Projass Enecorp Sdn Bhd incorporated on February 1999 to
manufacture solar systems locally. The company is in full support of the Malaysian Government to
enhance localisation programs and plans to carry out research in balance of components for solar
photovoltaic system. The solar manufacturing plant is the first solar plant in Malaysia, incorporating the
equipment and power technology proven in facilities around the world. The plant received an assistance
of RM 1.0M from Malaysian Technology Development Corporation in terms of Technical Acquisition
Fund contributed towards the total capital outlay. The plant is designed to assemble about 5 MW of solar
cells per annum (four shifts) into finished modules.



The semiconductor material used for solar cells is mostly silicon, doped with boron (in the
range of 1 ppm of B atoms). The silicon wafers have a textured surface that favors that the
photons reflected by the surface impinge again into the semiconductor, increasing the
chances of absorption. In addition, a thin layer of an anti-reflection coating made of a
transparent medium such as titanium oxide is formed. On the front surface a thin layer of n-
type silicon is formed by diffusion of a higher concentration of phosphorous atoms (0.1-1%
atomic) to form the so called p-n junction. A metallic grid is deposited on this front face in
order to collect the current generated. The grid must not cover too much of the
semiconductor surface because the light falling on it would be lost, but it cannot be done too
narrow either because then the
series resistance of the solar cell becomes too high. On the back face a metal layer is
deposited to form the back contact.

a. Silicon feedstock
The starting silicon feedstock may be the extremely pure silicon (electronic grade) used in
the electronic industry with a content of impurities of less than 1 ppb (10"9), presented in
form of single crystals or, with a minor efficiency reduction, multicrystalline silicon.
Few specialized companies in the world produce the hyperpure silicon mostly to serve the
electronic industry. The raw material for these industries is the metallurgical grade silicon,
fabricated by reduction of silica with coal in an arc furnace. This product costs less than 1
€/kg. It is then treated with hot gaseous hydrochloridric acid (HCl) in a large reactor forming
chlorosilanes (SiCbH, S1CI2H2, SiClH3, SiEU), mainly trichlorosilane (price almost 6 €/kg).
By fractional distillation, the trichlorosilane is purified (and the boron compounds are
removed in this step). Finally, the trichlorosilane (or one of its derivatives dichlorosilane or
silane) is reduced with hydrogen—the same generated during the chlorination of the
metallurgical silicon— typically in a CVD process (the Siemens Process) producing
cylindrical ingots of hyperpure silicon {polysilicon). The distillation and the deposition
process are very energy intensive. This material may cost almost 50 €/kg.

b. Ingot growth
Polysilicon is chemically very pure; its structure is a fine-grained polycrystal. Structural
perfection is also needed to avoid the recombination of the charge carriere. Czochralski (Cz)
grown single crystal is usually used. This process is slow and uses complex equipment,
therefore it is expensive. A cheaper process —also quite used by the solar industry— is the
directional solidification. It consists in cooling the molten polysilicon in a quartz crucible in
which the heat can only escape from its bottom face. In this way a pure silicon block is
frozen slowly from the bottom of the crucible to the top with grains that are very large, of
one or more cm of size.

c. Shaping and wafering.
Once the ingot has been grown it must be sliced into wafers of the shape of the final solar
cell. This is done with diamond saws. To save silicon, wafers must be thin and losses
minimized (today almost the same amount of silicon goes into the wafer and in the dust).
Sawing is also a slow process. As a consequence it is common today to use multi-wire
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machines that cut the ingot into many wafers at the time, being the wafers as thin as possible.
The thickness is limited by the wire thickness and the sawing process, by the difficulty of
handling very thin wafers and by incomplete light absorption.

d. Etching and texturing
Once the wafers are provided the specific solar cell manufacturing process starts. The first
step is the texture etching, resulting into both the saw-damage removal and the formation of
pyramids with an angle such that the fraction of the not-absorbed normally-incident rays, are
reflected back into the silicon again.

e. Junction diffusion edge junction insulation and AR coating preparation
The wafers are then placed in a furnace in which nitrogen, oxygen and vapors of POCI3 are
introduced. They react with the silicon forming a phosphosilicate glass. From this glass the
phosphorus diffuses into the wafer forming the superficial n+-region. This n+ region
surrounds the whole wafer while we want it only at the front face. That is why the edges of
the wafer are etched away with plasma. After it an AR layer of TiO2 is deposited by pyrolysis
of the vapors of an organic Ti compound.

f. Metallization
After these operations the cell is ready to receive the contacts. The screen printing technique
is generally used for it. A paste containing metal, oxides and organics as binders is stuck onto
the silicon by pressing the paste trough a silk (of steel mesh) screen whose pores are partly
occluded with a lacquer. The adhered paste reproduces the pattern existing in the screen.
Then the paste is dried and after fired. The drying evaporates the binding organics, the firing
(heating to almost 800°C) forms a glassy matrix of silicon oxide and in part other oxides that
embeds a myriad of inter-connected grains of metal. During the firing, the metals also diffuse
something into the silicon. The back contact uses Al as the contacting metal.
The front contact paste is made of Ag. The glassy structure of the paste dissolves the thin AR
coating and the metal network contained in the paste penetrates to the surface of the silicon.
The front contact pattern is usually a set of fine parallel lines crossed by two wider busbars.
With these operations the cell is finished

g. Interconnection of cells
Cells are interconnected into modules. The most common module contains 36 cells
connected in series, but modules of twice this amount of cells start to be also common, with
the strings connected either in series or in parallel. To every cells two tinned copper tabs are
bonded on the front side. The tabbed cell is then bonded to the backside of another tabbed
cell so forming a string of 9 or 12 cells. These strings are then connected in series using
additional tabs.

h. Paneling of cells
The module is made by stacking, a glass plate, a sheet of ethylene-vinyl-acetate (EVA) the
set of interconnected cells, another EVA sheet and a TEDLAR sheet. The glass, which will
become the front face to the module, provides protection and rigidity. The TEDLAR forms a
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back protection to the module. The ensemble is located in a laminator that provides heat at a
temperature of about 90°C. At this temperature the sheets made of EVA monomer melt. At
the same time the air is extracted with a vacuum pump so outgassing the liquid EVA. Finally
the temperature is raised to some 130°C so that the EVA starts to polymerize becoming solid
again. At the same time hydrostatic pressure is applied by means of a rubber membrane so
that every element in the module is tightly packed and well embedded in the EVA, solid once
it has polymerized.
The module is then finished with an aluminum frame and a connection box where all the
internal connections are linked to screw terminals for external contacting. Some modules
substitute the back TEDLAR sheet by a second glass plate, more heavy but providing better
insulation to the ambient and perhaps a better-looking aspect.

Cells in series give for every current a voltage that is the sum of the voltages of every cell for
this current. In the parallel connection of different elements (strings or cells) the overall
current is the sum of the currents of the elements at a given voltage. In reality the parallel
connection is less exigent with respect to the identity of the elements connected but the series
connection is used for the strings because the voltage provided by a single cell, in the range
of '/2 volt is too small for any practical use. Series of 36 cells give a voltage of about 18 volts
suitable to charge 12 volts batteries at any state-of-charge level and temperature conditions
that can be found in practice.
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Part II: Case Study -Implementation of a manufacturing facility in Morocco

3 The energy sector in Morocco
The Kingdom of Morocco is located in North Africa. Its population is nearly 28 millions
inhabitants. Morocan economic activities include export-oriented agriculture based on
irrigation, mining (especially phosphates), tourism (2 millions tourists per year with an
increasing trend), fisheries, and transformation industries (food industry, textiles.)
The energy electricity sector is managed by the Office National de l'Electricite (ONE). The
production is mostly based on imported fossil fuel (86%). Hydropower account for 14%.
Renewable is in progress. In 1997 the electrification rate of Morocco was still less than 25%
(Bakrietal. (1998)).
To promote development of renewable energy, Morocco has created about 20 years ago the
Centre de Developpement des Energies Renouvelables (CDER). This center aims to (i)
develop renewable energies uses, (ii) set up national capabilities for equipment testing and
quality control, and (iii) develop pilot and demonstration projects.
The Photovoltaic sector count currently about 4 MW installed. The potential is very high. In
rural electrification alone, it is estimated that at least 200,000 households are to be electrified
by means of solar home systems. ONE is presently active in implementing such program
based on the financial scheme offered by the Program d'Electrification Rurale Globale
(PERG)2, in which ONE contributes to each SHS installed with a subsidy equivalent to the
cost of a panel and a battery. The Photovoltaic sector is supported by several international
programs (PVMTI, UE, KFW. other).

The Programme d'electriftcation rurale general (PERG) is a national program aimed to accelerate the
introduction of electricity to the 30,000 un-electrified villages {douars) of Morocco.
Because it would be very expensive to extend the grid to some of the remote and scattered douars, ONE,
the national utility, acknowledges thai has set aside a special fund under the PERG, to permit the
electrification of these villages by photovoltaic energy. In these regions where ONE does not plan to
extend the grid in the medium term (10 years), it has agreed to partially pay for an individual PV Solar
Home System on each household (cost of a module and a battery of a 50 Wp system). In the last few
years, ONE has thus proposed to have good quality PV systems installed and serviced by professional PV
firms with the aim to have the user pay for the extra costs engendered by the system. By contributing
towards the capital cost of the installation, ONE aims at insuring the continuous service of solar
electricity at a cost that rural users can afford. However, while it would be relatively straightforward for
the PV firms to install a PV system and obtain payment from both ONE and the user upon installation, it
is a lot more difficult to insure that the PV firm would service the systems and that the user would pay for
this service on a long-term basis. ONE had thus to experiment various schemes in providing its
contribution and directing PV firms in installing and servicing the PV systems.
Another important financial scheme is the Programme d'approvisionnement groupie en eau potable des
populations rurales (PAGER) that was conceived to accelerate access to water in rural areas of Morocco
and is administered by the Direction g6n6rale de 1'hydraulique (DGH). However, the PAGER does not
have a direct incentive for the use of PV solar pumping stations. The reasons seem related to the fact that
despite it is clearly demonstrated that the cost of operating a PV water pumping station is low compared
to a diesel pump, however, its initial capital cost, which is borne mainly by the DGH, may sometimes be
higher than for a diesel pump.
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Wind energy is also gaining ground. Several regions of the country have high wind potential.
Two major projects are being implemented: one in the North of Morocco (Tetouan) with a
capacity of 50 MW, and a second one in the South (Region of Tarfaya) with a capacity of
200 MW.
Microhydro power is also of interest especially in the mountainous areas of the Atlas where
perennial water streams exist. CDER is implementing several demonstration projects and
ONE is in the process of setting up the basis for a large scale program.

4 Analysis of the production costs
In the following we first consider the overall cost to implement a facility for module
production having a capacity of 5MWp per year. This is the mimimum profitable size for
module production; the mimimum size for a vertically integrated plant producing cells and
then modules would have been 10 MWp. Given the high number of unelectrified households
in Morocco, a supply of 10 MWp per year PV modules should be absorbed. However, in
analyzing the cost of module manufacturing, we consider a volume of 5MWp per year.
The investments required include both the cost of the building and the equipment. Production
costs take into account intermediate inputs, labor and auxiliary services.
The economic assessment of the manufacturing facility requires the definition of the specific
parameters and their adaptation to the local context. Labor cost, for instance, is derived after
the labor organization has been conceived and is clearly strongly related to the local labor
market. Similarly, electricity cost, building cost, local availability of the equipment and/or
machinery are evaluated referring to the national context of Morocco.
For this analysis we assume that the modules are made using multi crystalline silicon cells
which measure 150mmx 150mm and that each module has 36 cells. The nominal module
power is assumed to be 100WP so that 5MWp/year correspond to a production of 50,000
modules per year. The number of cells handled is 1,895,000, assuming a 95% yield of the
process.
The equipment needed for each operation and the corresponding investment cost is detailed
in table 2. The total investment is €1,855,000. A large part of the equipment is not available
on the local market, so that €1,611,500 (87% of the total investment), goes to import. In this
calculations we used international equipment price (except for building price), in a more
realistic feasibility analysis prices should be conservatively augmented to allow for damages
and inefficiency due to partially skilled, unexperienced employees.
In table 3 we detail the workers needed for each operation as well as for administration and
auxiliary services. We assume that qualified workers needed are locally available, which may
not be realistic, especially in rural areas. The number of generic workers is higher than te
standard for similar plants in Europe. It has been chosen in order to allow for lower
productivity of labor in Morocco due to a lack of experience in the PV sector. Within these
hypotheses, the labor cost is determined by attributing to each worker a salary (ranging from
10€ per day for not specialized workers to 50 € per day for the management). We note that
more than 60% of the total labor force required is directly employed in the production
process.
Eventually, in table 4 we analyze the costs of modules production, that is, the costs of the
inputs for the production process. The final cost is then €326 for each module. It is worth
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noting that 77% of the cost is due to the cells, so it is not surprising that their local
availability is crucial in determining the economic impact of production. On the other hand,
the local expenditure for implementing the facility (€244,000) appears to be almost
negligible when compared to production costs. The same clearly happens to its contribution
to the total impact.

5 Methodologies for economic impact assessment

Input-output techniques first developed by Leontief (Leontief (1951) are a standard and well
known tool for assessing economic impact3. The main advantage of the 1-0 analysis is that it
provides impact assessment at a sectoral level with a detail which is generally lost in
macroeconomic models. The method is substantially based on the hypotheses of linear
relationship (with fixed coefficients) between inputs and production, which is reasonable for
intermediate inputs in the short period (less reasonable for capital and labor). However, these
simple hypotheses are also the target of the main criticism on this method, especially in
assessing employment effects where the actual relation between production and labor can
hardly be assumed to be linear.
An alternative approach in assessing employment effects, evaluates direct employment
impact by making precise assumptions on the industrial organisation of the production
(Hofreither et al (1998)) either based on technical considerations or, for existing productions,
on information coming directly from the industrial sector (Hansen et al. (1998)). Indirect
employment effect can be calculated by means of multipliers which may come from
intersectoral table again, but also from econometric models.

Keynesian multiplier analysis is also widely used, if sectoral disaggregation can be
disregarded and we fully rely on underlying macroeconomic theory.

For instance, an impact analysis of subsidies effects has been performed, for Austria using a
non 1-0 technique (Hofreither et al. (1998)). The authors based their work on simulation of a
simple PV module demand regression model estimated on data from the past (which includes
a past subsidies experience). The forecasted installed capacity for the period 1997-2010 is
used to estimate induced production and job creation. Demand of PV can then be translated
into direct employment knowing the number of man-years needed to produce, install and
provide after sales service of the systems. Indirect effects are accounted for assuming an
indirect employment multiplier of 0.45. National income effect is calculated analogously.
The assessment of the direct employment creation, that incorporates also future
developments of the labor productivity is very detailed. On the contrary, the indirect job
creation, evaluated by using an exogeneous multiplier coefficient, appears not well specified.
However, both direct and indirect effects are evaluated only at an aggregate level.

The impact of PV systems implementation has been widely studied, in particular for the
United States, due to the activated initiatives to incentivate PV (one million roofs project).
For the sake of comparison, we present some results from existing literature. The State of
Maryland project aimed to incentivate grid connected residential photovoltaic by financially

! An annotated bibliography on I-O method can be found in Lahiri (2000).
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supporting residential customers of PV systems has been discussed by Cook (1998). The
author states that a $4.8 millions cumulative investment will produce returns for over $100
millions for the State of Maryland. This high-level return comes (also) from the fact that
while Maryland is a PV module producer, it is an electricity importing state and so money
spent on electricity leave the state while that spent on PV systems activates local economy.
These considerations confirm the importance of keeping into account local conditions.
According to a 1992 estimate, a 10 MWp a year PV module manufacture in San Francisco
bay area generates $40 million in direct annual sales, which leads to $55 million in global
impact on the regional economy and provides employment of approximately 80 individuals
[USA DOE, 1992].

6 Input-output analysis for Morocco
In this section we evaluate the socio economic impact of a plant that produces PV modules (5
MWp per year). The impact is evaluated by means of input-output (I-O) techniques using the
1990 Morocco I-O table with 33 sectors.
In I-O analysis no change in the technological process can be accounted for except dynamic
models such as Pasinetti (1981). Each column of the I-O table represents the amount of
inputs required from each sector to produce the total output of the column sector. The impact
of any change in final demand is projected assuming that the shares of cost for each input are
kept constant in the short period. This feature of the method may limit the
comprehensiveness of the results, particularly when dealing with new technologies, whose
technical coefficients are likely to be significantly different from those of traditional sectors
of production.
Because production costs of the modules are available, we decided to build an ad hoc
Photovoltaic sector to be added in the I-O table so that specific module manufacturing inputs
are accounted for. In doing so, we assume that the PV sector does not provide any
intermediate goods to the other sectors and that the production is completely absorbed by
final consumption. This means that the row of the modified I-O table corresponding to the
PV sector is null except for the cell corresponding to Final Consumption whose value is
equal to the total value of production of the sector.
The breakdown of the modules manufacturing cost provides the technical coefficients of
production for the ad hoc Photovoltaic sector. The costs analized in the previous section have
been reallocated by economic sector (see table 4) assuming all inputs of production but cells
are locally available.
We consider that cells can be produced domestically (Case L) or imported as intermediate
goods from abroad (Case I). We calculate different technical coefficients for the sector
according to this hypothesis, so that two alternative columns of coefficients are added to the
Leontief matrix.
The impact of the investment for the implementation of the facility is determined separately.
The production induced by the investment is to be added to the economic activity induced by
modules manufacture to obtain the total impact of the operation during the first year. As
anticipated, the role of the investment is negligible since the bulk of the expenditure is made
abroad (see table 6).
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7 Results
The € 16.3 M investment in the PV sector induces, directly and indirectly, an increase of
production; that, in turn, induces an increment of required labor inputs. These increments
change according to the investigated options outlined above.
In the following sections estimated induced production and job creation are illustrated.

7.1 Impact on production
As expected, the impact of production is larger when PV cells are produced domestically
(table 5). In this case production increases by € 57.6 million, multiplying the initial
expenditure by 3.5 times.
If cells are imported the impact is less relevant (€22.3 million), multiplying by 1.4 the initial
expenditure. Induced production is detailed for the most relevant sectors in table 5. The
investment in the PV sector stimulates the production of the PV sector itself and other sectors
(particularly industrial sectors) as well. Demand for PV cells greatly stimulates, directly and
indirectly, the production of the electronic and electric parts. This sector is most sensitive to
the chosen option (with an induced production in Case L more than ten times greater than in
Case I).
Induced production coefficients can be evaluated considering the amount of expenditure
needed to build the modules. Coefficients vary considerably from 1.4 (Case I) to 3.5 (Case

7.2 Impact on Employment
Due to the lack of detailed information on occupation in Morocco, the estimation of induced
occupation has been performed using aggregate sectors.
The Statistical Directorate of Morocco provides data on value added (at current prices) for
1999, for each of the main sectors of the economy. Data on number of employees for the
same sectors are available for 1999.
By calculating the number of employees per unit of value added and multiplying the ratio for
the induced value added in the sectors considered, we obtain an estimate of the occupational
impact of the investment, also detailed in table 5.
Induced job creation is 2570 employees concentrated in the electronic, the PV and the
metallic sector (Case L). In Case I the total increment of occupation is 489 employees
concentrated in the chemistry, the PV and the plastic sector.

7.3 Sensitivity analysis
Results of input output analysis are affected by the uncertainty in estimating sectoral
intermediate input costs, which determine technical coefficients. Even if all the coefficients
in the table are estimates and contribute to the final error, in our investigation one of the main
sources of uncertainty we are concerned derives from the determination of input costs of
Photovoltaic sector. However this represents the only part of the table for which we are able
to quantify the error. To determine how uncertainty on PV. costs propagates to the final
estimates, a simple simulation study has been carried out. We assume that the values in final
row of table 4 are known with an error normally distributed with zero mean and standard
deviation of 5%. By indipendently simulating the value for each cell according to the
distribution assumptions above, we generate 5000 independent and identically distributed PV
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sector columns. Each of these columns in the 33x33 1-0 matrix provides an input for
calculating the production. Should costs be the only source of uncertainty, the output of the
simulation would have been a sample from the probability distribution of induced production
estimate (estimator). However, in the real context, the simulation allows us to understand
how sensitive the final results are to our hypotheses on PV sector input costs.
A gaussian error with 5% standard deviation in input cost leads to final estimates of induced
production with a standard deviation of 4.7% (Case L) and 5.1% (Case I). This allows us to
conclude that our results are reasonably robust with respect to misspecification of the cost
structure of module manufacturing. The results are detailed in table 8 and figures 7 and 8
where histograms of simulated estimates are shown. Analogous conclusions are drawn as far
as sectoral induced production is concerned by examining their simulated estimates (figures 9
and 10).

8 Final discussion
We carried out a technical analysis of an industrial initiative in the Photovoltaic sector and
evaluated the economic result of a demand of PV technology/products in terms of gross
domestic production and job creation. Because the results of the analysis are affected by the
uncertainty in estimating technical coefficients of PV sector, a sensitivity analysis has been
performed. The simulation allows us to conclude that impact analysis results are reasonably
robust with respect to misspecification of the cost structure.
The study we considered requires a technology transfer to support the development of
countries which have, for historical reasons, an economy level not sufficient to attain the
standard of living potentially achievable through more advanced technologies. To be
performed with effectiveness, the transfer requires a clear knowledge of the needs as well as
of the potentialities of the beneficiary. The role of governments, to this concern, is generally
to understand local conditions and to create the background for private investments in the
country. This is in order to amplify the effect of public interventions, being it by itself
generally insufficient to satisfy the needs of the recipient country. The background for private
investments is essentially represented by the institutional framework able to assure some kind
of return for the investment as well as those information, knowledge and ability which are
conditions to make the investment a benefit not only for the enterprise carrying it but also for
the developing country.
It has been made clear, for instance, that local availability of cells brings to very different
returns of the investment in the local economy, the induced production decreases from 3.5
times to 1.4 times the expenditure (when 77% goes abroad to import cells). The same
considerations apply to the expenditure needed to implement the facility which has a
negligible effect on local economy, because only a limited and low technology contents part
of goods required are domestically available. For a more relevant demand the potential
negative impact on external trade balance should be allowed for. In fact the expansive effect
might be partially displaced by restrictive policies adopted in order to improve the external
trade balance. This kind of effects can be very important when the production increment is
concentrated in technologically advanced sectors that are heavily dependent on the import of
components from developed countries.

18



It must be said that the analysis we performed does not consider all economic issues involved
by the project. Introducing photovoltaic systems in Morocco brings direct benefits to users in
rural areas not yet electrified, contributing to the improvement of life conditions. The access
to electricity services brings to time savings and day extension, which may incentivate
productive activities. The new situation might also improve access to information and
demand of technological products (like appliances), thus creating indirect economic effects
difficult to quantify (Mulugetta et al (2000) and van Campen et al. (2000)). PV installation
should be considered as a first step of a developing path toward industrialization of rural
areas. Areas first electrified by PV will be likely to be grid connected once they reach a
significant electricity demand. At that point, PV installations are likely to become a local
support for the grid.

Moreover, economic aspects are not exhaustive in assessing this kind of project. Attention
should also be paid to the potential, from the point of view of environment saving, of the
transferred technologies. It must be recognised that the new technology which is introduced
in the developing country will replace probably an old existing technology, or some
alternative technology used for example in the past in the industrial countries during their
developing phase. The impact of these alternatives on the environment, if developed without
control, represent what we are saving through the transfer. In our example, we can roughly
estimate that the choice of photovoltaic, which is a zero-emission source, might save, with
respect to traditional technologies, 0.56 tC(VMWh(4).

4 Ratio of "CO2 emissions from electricity generation" and "total electricity production" for 1997 in
Morocco as recorded by IEA (CO2 emissions from fuel combustion -1971-1997 and Energy Statistics for
Non-OECD countries 1998)
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Figure 1: Total world module shipments (1990-2000) (MWp), by market regions
(adaptedfrom J Stone, NCPVHot Line - PVNews Feb 2001).
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Figure 2: Shipments of photovoltaic modules (1990-1998) (MWp) by different
technologies, from Photovoltaic Insiders Report, 1999.
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Figure 7: Histogram of simulated estimates of total induced production in case L
assuming a normally distributed error with 5% standard deviation on input costs
(million €). The mean value is 57.58 M€ and the standard deviation is 0.269, the inter
quartile range has extremes 57.40 and 57.77.
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Figure 8: Histogram of simulated estimates of total induced production in case I
assuming a normally distributed error with 5% standard deviation on input costs
(million €). The mean value is 22.26 M€ and the standard deviation is 0.114, the inter
quartile range has extremes 22.18 and 22.34.
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Si feedstock
Ingot formation
Sawing

WAFER COST
Cell fabrication

TOTAL
Yield (%)

CELL COST
Lamination
Module assembling

MODULE COST (€/m2)
Module efficiency (%)

MODULE COST (€/Wp)

Single crystalline Si ;
38
115
77

230
80

310
95

326
75
75

476
14

3.40

Multi-crystalline Si
38
35
77

150
80

230
95

256
75
75

406
13

3.12

Table 1: Estimated breakdown of module manufacturing cost for single and multi-
crystalline Si solar cells (adaptedfrom Luque, 1998).

Operation

Testing and selection of the cells
Tabbing (interconnection of the cells)
Strings formation and module interconnection
Visual control
Lamination and pannelling of the modules

Framing the module
Testing
Outdoor testing

Subtotal
General
Total

Equipment/Apparata

Solar cells simulator
Automatic tabbing
Strings former
Xenon lamp
EVA-sheet cutter
Laminator

Solar simulator for module
Outdoor testing facility

Miscellaneous

Building (500 m2)

Units

1
3
4
1
2
4

2
1

1

Unit cost
(k€)

150
100
150

2
3

60

250
100

125

Cost
(k€)

150
300
600

2
6

240
0

500
100

1,898
82

1,980
125

2,105

Availability
(%)

Local

0
0
0

100
50

0

0
30

100

Imported

100
100
100

0
50

100

100
70

0

Table 2: Breakdown of the investment costs for a 5MWp/year PV modules
manufacturing facility of located in Morocco (by operation).

Operation

Testing and selection of the cells
Tabbing (interconnection of the cells)
Strings formation and module interconnection
Visual control
Lamination and pannelling of the modules

Framing the module
Testing
Outdoor testing
Personnel directly employed in the process

Equipment/Apparata

Solar cells simulator
Automatic tabbing for 150 x 150 mm cells
Strings former
Xenon lamp
EVA-sheet cutter
Laminator

Solar simulator for module
Outdoor testing facility

Maintenance and workshop (2/shift)
Supervisor (l/shift+ 1 in stand-by)
Administrative assistants
Accountant
R&D Engineers
Management -director

-responsible commercial
-responsible administration

-secretaries
Personnel not directly employed in the process
Total

Equipm

1
3
4
1
2
4

2
1

Workers

'shift

1
1
1
2
1
1
3
1
1

Total

workers

3
9

12
6
6

12
9
6
2

65
6
4
2
1
2
1
1
1
4

22
87
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Table 3: Number of workers employed in each phase of production of the 5MWp PV
modules facility.
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Cells (N.I895000)

Consumables

Glass

Tedlm

EVA

Junction Box

Diodes

Tabbling

Other

Electricity

Water

Waste disposal

Spare parts

.abor cost

Workers (65x220x10;

Specialised workers(8x220x20;

Management (10x220x50;

Secretaries (4x220x20

Total direct costs

12,500

1,500

410

204

234

176

83

204

191

75

11

28

114

143

35

110

18

14,534

m
MSB*

2.500

0.300

0.082

0.041

0.047

0.035

0.017

0.041

0.038

0.015

0.002

0.006

0.023

0.029

0.007

0.022

0.004

2.907

::il

76.7

9.2

2.5

1.3

1.4

1.1

0.5

1.3

1.2

0.5

0.1

0.2

0.7

0.9

0.2

0.7

0.1

89.2

II
12,500

83

191

114

410

204

234

176

204

75

II

ii

28

12,500

410

204

234

176

83

204

191

75

11

28

114

306 306

Maint., ins., services, overheads 1,453 0.291 8.9

Equipment depreciation 297 0.059 1.8

is Building depreciation 10 0.002 0.1

291 291 872

297

10

1,453

297

10

Total indirect costs 1,760 0.352 10.8

16,294 3.259 100.0 12,887| 41p| 614| 204| 86~319| 29l| 1,485| 16,294TOTAL COST

Table 4: Direct and indirect manufacturing costs for 5MWp Si PV modules and their
subdivision according to Morocco I-O table sectors (k€).
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1
22
18
24
32
7
8
6
28
25
19
20
31

Photovoltaics
Materiel e"lectrique et e"lectronique
Industrie m&allique de base
Chimie et parachimie
Autres services marchands
Pe"trole raffine"
Electricity et eau
Combustibles solides et petrole brut
Commerce et Transports
Caoutchouc et plastique
Ouvrages en m&aux
Materiel d'e"quipement
Assurances
Autres
Total (excluding PV)

Distributed
Production

(k€)
L

16,294
16,350
4,477
3,718
2,326
1,612
1,492
1,248
1,244
1,210
1,082

599
539

5,389
41,287

I
16,294

501
323

1,039
648
271
335
205
195
656
301

44
500
947

5,965

Value
Added

(k€)
L
1,485
5,567
1,573
1,138
1,492

315
377
975
709
400
406
248
169

2,317
15,684

I
1,485

170
113
318
415

53
85

160
111
217
113
18

157
446

2,377

Job
creation

L
87

791
223
162
262
45
53

138
132
57
58
35
30

497
2,483

I
87
24
16
45
73

8
12
23
21
31
16
3

28
103
402

Table 5: Direct production (k€), total induced production (direct and indirect) (k€) and job
creation (units) for most relevant sectors due to a €16.3 millions demand in PV sector.

7Pe"troleraffine
18 Industrie metallique de base
20 Materiel d'equipement
22 Materiel electrique et electronique
24 Chimie et parachimie
26 Autres industries manufacturieres
27 Batiment et travaux publics

Autres
Total

production
fjiiii

0
0
3

32
0

82
125

0
242

30
81
9

46
31
82

130
203
612

1
1
0
1
1
1
2
4

11
Table 6: Incremental production induced by the investment in PV modules facility (most
relevant sectors).
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