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Abstract:

This report presents an overview of cost-benefít analysis general raethodology, describing its principies and
basic characteristics. This methodology was applied to two case studies analyzed in the project
INTERSUDMED, one biomass power plant fed by energy crops in El Hajeb (Morocco) and the other a
photovoltaic installation in Djanet (Algeria). Both cases have been selected among the ones analyzed in the
INTERSUDMED Project because of their interesting social implications and possible alternatives, that make
them most suitable for cost-benefít analysis application. Finally, this report addresses the conclusions of both
studies and summarizes the most relevant obtained results.

"Análisis Coste-beneficio de una Planta de Biomasa en Marruecos
y una Instalación Fotovoltaica en Argelia"

Galán, A.; González, R.; Leal, J. y Várela, M.
35 pp. 5 figs. 13 refs.

Resumen:

Se realiza una revisión de la metodología del análisis coste-beneficio, describiendo sus principios y caracterís-
ticas básicas. Más adelante, se aplica esta metodología a dos casos estudios analizados dentro del proyecto
INTERSUDMED: una central eléctrica alimentada por cultivos energéticos en El Hajeb (Morruecos) y una
instalación fotovoltaica en Djanet (Argelia). Ambos casos han sido seleccionados entre aquellos analizados
dentro del proyecto INTERSUDMED, debido a que presentaban interesantes implicaciones sociales y posi-
bles alternativas, lo cual hacia de estos proyectos los más indicados para la aplicación del análisis coste-
beneficio. Finalmente, el informe aborda las conclusiones de ambos estudios y resume los resultados obteni-
dos más importantes.
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1. INTRODUCTION

The INTERSUDMED Project (1995-1997) intended to prepare pre-feasibility studies
for electricity production from renewable energies (RE) in Southern Mediterranean
(SM) countries. The objectives of the tasks in which the project was divided cover
different technical, institutional and economic aspects of a pre-feasibility study. Namely,

• Identification of potential sites.

• Institutional framework of the countries.

• Techno-ecnomic analysis of RE plants.

• Local capabilities of SM countries.

• Socioeconomic aspects of the projects.

• Environmental benefits.

• Financing schemes for RE projects.

The present report is part of the work carried out to analyze socioeconomic aspects of
the integration of REs in the SM área. CIEMAT studied the convenience of looking at
electricity production projects from the point of view of the decisión-makers, and not
only from the perspective of a prívate investor. This is generally the fact for energy
generation projects, as it is the State or an utility related to the Government the
institutions in charge of developing these kind of projects. The consequence is that the
decisión making process has to take into account the influence that the project may have
on society and on the economic stracture of the country.

This task was hard to be accomplished, because defining what is good for the society
and the country depends on the ideology of the policy maker and the economic situation
of the country. So this analysis should be carried out according to social, political and
economical trends of the región and the country under study.

The tool used for this purpose was the cost-benefit analysis, which is the one that better
adapts to the needs of the INTERSUDMED Project. This report presents an overview of
cost-benefit analysis general methodology, describing its principies and basic
characteristics. This methodology was applied to two case studies already analyzed in
other tasks of the project, one was a biomass power plant fed by energy crops in El
Hajeb (Morocco) and the other was a photovoltaic installation in Djanet (Algeria). Both
cases have been selected among the ones analyzed in the Project because of their
interesting social implications and possible altematives, that make them most suitable
for cost-benefit analysis application. Finally, this report addresses the conclusions of
both studies and summarizes the relevant results of the whole report.
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2. COST-BENEFIT ANALYSIS METHODOLOGY

2.1. Basis

The objective that the cost-benefit analysis tries to fulfill is to give help to guide the
decision-makers among different possible actions. For example, investing in roads or in
raüroads, emphasize professional or university education or, as in our case, choose
between renewable energies or fossil fuels.

Where the cost-benefit analysis finds better application is in the decision-making
process in the public sector, mainly managing the public investment. In this field, the
overall objective is to minimize the use of resources necessary to provide the optimum
level of public goods and services or, in other words, maximize the social benefits that
could be obtained from given resources.

Having in mind this objective, it is necessary to evalúate the costs and benefits of every

alternative action in the same monetary units, in such way that, calculating the

difference between costs and benefits of each alternative, the best option is selected.

2.1.1. General overview of the context

Most of public decisions are adopted based in the own experience, knowledge and
intuition, and within the regular political and administrative process. However, every
day becomes more evident that this decisión making process is imperfect due to the
social, political, economic and technical complexity of the present world, even more if
the importance and effects of the decisión to be taken are relevant. Therefore, it is
necessary to use analytical processes that base the adoption of a decisión in economic,
social or political analysis.

In general, an analytical process is any type of analysis that provides and organizes
systematically the information required for the decisión making process. If it is added an
economic content and it is applied to alternative public programs, a first approximation
to the definition of the problem is achieved.

Of the above mentioned definition, it should be remarked that the most essential aspects
of any analytical process in the public decisión making is the identification of relevant

information for the decisión that should be adopted, and its systematic presentation to
the ones that have to take the decisión. Analytical techniques do not offer direct
solutions to public election problems, simply they try to enrich, clarify and improve the
informative content of any decisión.
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2.1.2. Types of problems to be analyzed

All the problems that may be tackled with the analytical processes that will be
considered refer to the allocation of scarce resources between altemative activities. The
variety of applications is huge and here are presented a few examples:

0 Problems that involve the improvement of the efficiency of certain activity:

municipal solid waste collection, organization of an airport, etc.

0 Problems where a decisión should be taken about how to use certain resources:

production of more agricultural producís to satisfy a changing demand, etc.

0 Problems related to the evaluation of specific public programs: irrigaíion plans,

educaíion programs.

In íhis lasí íype of problems is where cosl-benefií analysis could give beííer resulís. If
our decisión problem has to choose between alternatives which objectives are differenl,
the cost-benefií analysis should be also used. This technique íries lo evalúale the cosls
and benefiís of each alíernalive in íhe same units in such way that, calculaling the
difference between costs and benefits of each alíernalive, there is enough information
available to select the best from the point of view of society.

2.1.3. A first approximation

Once the costs and benefits have been evaluated in monetary terms, they should be
expressed in a 'present valué' with a discounting system. Al this point, it is necessary a
decisión rule to choose the most efficient altemative. A first example of a simple
decisión rule is to accept all the projects that have a positive 'net present valué'; or the
decisión rale may be to maximize the 'net present valué' per unitary cost.

It can be seen that these are evaluation methods followed in prívate investments.
However, the contení of any cost-benefit study is very different to the one of an
evaluation of a prívate investment. In the public sector, the benefits and costs that are
considered not always correspond with monetary fluxes, and the discouní raíe to be
adopted does not necessarily has to be cióse to the interest rate of the market. Therefore,
mosí of íhe essential and characteristic contení of íhe cosl-benefií analysis is ceníered in
these two points: moneíary evaluation of cosls and benefiís and righí selection of the
discount rate. Other important theoretical aspects are the selection of an adequate
decisión rule, the introduction of risk, uncertainty and distributive effects.

At íhis poinl, íhere could be defined the stages of the analysis íhaí should be followed
for a successful approach lo íhe problem:
1. Clear definiíion of the economic or social policy objectives to be fulfilled

7
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2. Study of alternatives to fulfill these objectives

3. Identification and characterization of social costs and benefits, and not only financial
ones

4. Selection of a social discount rate
5. Effects of risk and uncertainty
6. Consideration of the distributive effects of the projects
7. Systematic presentation of results to the decisión makers

2.2 Identification and evaluation of costs and benefits

2.2.1 Identification process

The first stage of the cost-benefit analysis is to check that the problem to be solved is
well understood and correctly formulated. It is necessary to establish a cióse contact
between the analyst and the decision-makers in order to define clearly the problem. The
next step is to identify all costs and benefits related to the project from a social point of
view, and not only looking at financial aspects.

At this point it is necessary to define the concept of extemal effects. These are the ones
that produce a benefit or an impact to a person or a group of persons that are not directly
interested in the decisión of carrying out the action which effect is considered external.
An example of external effect is the one of a coal power plant. It produces combustión
gases that contain particulate matter. These particulate will not only fall over the terraín
occupied by the power plant, or will only be breathed by the electricity consumers, but
they will foul a big surface and will be breathe by the general public; therefore by people
not directly involved in the decisión of producing electricity.

Sometimes the extemal effects may be internalized with compensation approximately
equal to the valué of the external effect. An example of internalization is given in the
mining activities, where underground miners have an extra salary for the risk associated
to their work.

It has to be remarked that the difference between internal and external effects and if they

are costs or benefits is not always clear, and only the experience of the analyst and the

collaboration with other specialists can help to agree the best solution.

2.2.2 Evaluation process

The next stage of the analysis is to evalúate the costs and benefits identified in the
previous stage. The evaluation depends on the existence of a market for the costs and
benefits to be evaluated. If there is a market for the good or the service it is being
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considered, the market price would be an indicator for the monetary evaluation of its
associated costs or benefits. Market prices usually consider prívate marginal costs and
benefits, but forget other extemal effects related to the social valuation of goods and
services. In practice there are other divergences as the market is imperfect, taxes, etc.
The conclusión is that market prices need some adjustment.

For the above-mentioned reasons, it is used what is called a shadow price, which is a
tool to quantify the social marginal valué of the corresponding good or service. Shadow
prices are commonly used when there is high divergence between market and social
costs or benefits.

2.2.3 The discount rate

Once the costs and benefits of a project have been evaluated they should be reduced to a
'present valué' with a discount system. The costs and benefits occur along time. It is
necessary to compare them in order to adopt the adequate decisión. However, the
monetary valué of costs and benefits at different time are not directly comparable. The
reason is that everybody prefer to enjoy the consumption of goods and services now
than in the future. It is well known that the present valué of a good or service may be
expressed as:

FV
PV —

(i+0'
where 'PV is the present valué of a good or service, 'FV is its future valué, 'i ' is the

discount rate and 't' is a period of time.

If different future valúes along time exist, FVo, FVj, FV2, ..., then the expression

becomes:

FV FV FV

(i+0 (i+02 '" (i+0'

The main problem is to find the appropriate discount rate for a given set of social costs

and benefits. There are two ways of approaching the problem using the following social

discount rates:

* Social marginal rate of temporal preference. It is the rate at which a community is
willing to substitute present consumption by future consumption. It reflects the
expectations that the society has of increasing its consumption in the future, in
exchange for delaying present consumption. A low rate reflects a weak preference for
present benefits compared to future benefits. The decisión on which rate should be
selected is usually a political decisión.
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* Social marginal rate of investment return. It is the rate at which a community can
effectively transform present resources in future ones. It may also be defined as the
type of return that would be obtained if the resources were invested in the prívate
sector instead of the public sector. It should also represent the social cost of
opportunity of the resources.

The first rate considers the problem from the point of view of obtaining an optimum
investment level, and the second rate tries to obtain the best allocation of resources
between the prívate and public sectors. In general, the second rate is greater than the
first one. Depending on the project is being considered, one discount rate or the other
may be more adequate. A common practical approach is to apply various discount rates
and to see if the result of the analysis is sensible to the variation of the discount rate. If it
is so, the decision-maker has the last word.

2.2.4 The decisión rule

When the 'present valúes' of social costs and benefits have been obtained, it is

necessary a decisión rule to choose the most efficient alternative between different

projects.

Probably, the most used decisión rule is the social net present valué (NPV) or present

valué of benefits minus present valué of costs. The idea that is behind is to maximize all

the social benefits over the costs (S benefits - Z costs). The project that social benefits

are higher than its social costs would be a potential candidate. The algebraic expression

for this decisión rule is:
T fí — r

NPV = y ' • > o
á ( y

where Bt: benefits in the period t
Q: costs in the period t
r: social discount rate
T: time over which the project is analyzed

If two projects are compared, the one with higher social NPV would be selected.

Other possible decisión parameter is the social benefit to cost ratio, B/C. If this ratio is
greater than one, the project from the social point of view is acceptable. The concept of
this parameter is similar to the one behind the social net present valué.

The social internal rate of return (IRR) is also used as a decisión rule. It is the discount
rate that equals the present benefits and the present costs of a project. In other words, it
is the discount rate that makes the NPV equal to zero. The algebraic expression is:

10
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r

where 'i' is the social internal rate of retura.

A project may be accepted if the social internal rate of return is greater than the social
discount rate. The problem of using this decisión rule is that, with the same
assumptions, gives preference to smaller projects with a short lifetime. For that reason,
it is more common to use the net present valué method, as it can give better results for
the comparison of various projects.

2.3. Considerations about risk and uncertainty

First of all, it is necessary to distinguish between risk and uncertainty. A situation of risk
exists when the result of an action or an strategy or the valué of a variable is not known
with complete certainty, but it is known, at least approximately, its probability
distribution. On the contrary, in the case of uncertainty, not even this information is
known. Both situations are characterized by a lack of information. In a real project,
many situations may be faced between complete certainty, risk and uncertainty.

There are several methods of including risk considerations in the analysis. The first one

is to add a risk factor to the discount rate. The discounting factor becomes:

where dt: discounting factor over a period t
r: social discount rate

p: risk factor

This method assumes that risk is a chronological variable that increases with time. The
method of the certain monetary equivalent uses the utility function of the project, but
this function is not easy to determine.

A practical way of tackling the problem of quantifying the uncertainty is through a
sensitivity analysis to present a series of possible results varying risk assumptions. A
common way of selecting and presenting the scenarios to obtain the results is under the
terms 'optimistic', 'pessimistic' and 'point of view of the analyst'.

11
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2.4 Distributive effects of the projects

This is one aspect of the public sector projects that has been forgotten in many cases, it
considere the effects that the project may have in the distribution of resources among
different groups of people. The distribution could be done according to income levéis,
regions or social groups.

Traditionally, the reasons for not considering significant these effects are that it has been
said that the distributive effects of various projects compénsate one to the other. It must
be remarked that the consideration of distributive effects in the cost-benefit analysis is
an added valué for the study.

The first task to be accomplished is the identification of the distributive impacts of the
project and to gather the necessary information for their quantification. One suggestion
is to use a weighing system that reflects the marginal valué at which society considers
the increase or decrease in the income level of the different groups of the community.
So, the benefits of a group that wants to be favored may be multiplied by, for example,
1.5; and the benefits of the other groups by 0.6.

The difficulties of applying a simple weighing system are inherent to the method, which
depends on the personal appreciation of the analyst.

2.5 Methodology review

Along the previous sections has been presented the methodology to be followed in a
cost-benefit analysis. Now, several aspects concerning the general methodology applied
are going to be reviewed.

The first consideration is that most of the methodological problems that have been
highlighted still have a field for further discussion. This does not imply that cost-benefit
cannot be applied in practice. On the contrary, it is finding more áreas where it can be
used. The logic imperfections imply that cost-benefit analysis cannot solve any kind of
problem, but it has to be reminded that the aim of the analysis is the study and
systematic presentation of a set of information.

A second point is the role that the policy maker plays in the analysis. The figure of the
next page helps to summarize the stages of the cost-benefit analysis and remarks the
contribution of the decision-maker on each stage.

Another aspect that is reviewed is that the limits of a cost-benefit analysis are marked by
technical, legal, budgetary or political restrictions. All these constraints are external to
the analysis and need to be considered in order to give a realistic solution to the problem

12
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that is posed.

Finally, the last point that will be reviewed is the limitation of the cost-benefit analysis
to give specific and direct solutions to the public decision-making process. It could be
considered more a methodology for the study of a problem than a way of solving it.
Cost-benefit analysis provides better information for the identification and selection of
alternatives for the solution of a certain problem.

Figure 1. Stages of the Cost-Benefit Analysis.
ANALYST POLICY MAKER

a) Evaluation of the type of analysis

that can be done

b) Precise formulation of the

problem

I
Identification and characterization
of all costs and benefits

i
a) Evaluation of costs and benefits
b) Lifetime of the project

I
Calculation of the probability
distribution of the variables subject
to risk; identification of uncertain
variables

i
Use of the discount rate or
sensitivity analysis with several
rates

Presentation of the results:
a) Sensitivity analysis of key
variables
b) Implications of distributive
effects

<->•

a) Entrusting of the work to a
certain analyst
b) Clarification of objectives

- Definition of the scope of the
project

- Determination of the shadow

prices as a consequence of the

political considerations

- Selection of the discount rate

- Selection of a decisión rule

i
DECISIÓN
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3. COST-BENEFIT ANALYSIS TO A BIOMASS POWER PLANT IN
EL HAJEB

3.1. Energy situation

Morocco, which is not an oil producing country, depends on imports for over 91.7% of
its hydrocarbon needs. Primary energy consumption attained 8,975 millions tep. The net
energy bilí has reached nearly 25% of the exportation receipts. Production of energy
amounts to 741,000 tep. Morocco has 22 hydroelectric factories that adding up to a
power fixed in 687 MW. It has also 4 steam thermal power stations, 7 gas turbines
power stations and many diesel power stations, totalling 1,733 MW. These globally
amount to 2,420 MW.

Currency

Market exchange rate

Gross Domestic Product (GDP)

Inflation rate (1994)

Unemployment rate (1994)

Major trading partners (1992)

Total imports (1992)

Total exports (1992)

Economic Overview

Dirham (DH)

US$ 1= 9.69 DH

$ 87.5 billion

5.4%

16%

France, Spain, India, Italy, Japan,
Germany, USA, Great Britain and Saudit
Arabia.

62,800 millions DH

33,960 millions DH

The consumption of oil products entails importing 6.5 millions of petrol. Moroccan
Company of Refining Industry (SAMIR) in Mohammedia with a quantity of 6,750,000
tons each year refines crade imported oil. Also, the Sherifian Petroleum Company
(SCP) in Sidi-Kacem refines it, with a capacity of one million a year.

Coal was discovered in 1927, in the Northeast of Morocco. Moroccan Coal Company
has exploited the Jerada ore since 1932. Its coal national production contributes with
4,4% in the balance sheet of energy.

The National Office of Electricity (ONE) manages the whole electricity production,
processing and distributing of this form of energy which is of hydraulic and thermal
origins. The exploited hydraulic potential is estimated at 5 GW of which 40% are
equipped with some twenty hydroelectric plants. The thermal equipment supposes 30
plants that provide more than 94% of the overall production.

One of the case studies analyzed in the INTERSUDMED project was a biomass power
plant to be located in the province of El Hajeb. This alternative energy could contribute

14



Cost-Benefit Analysis of a Biomass Power Plant in Morocco and a Photovoltaic Installation in Algeria

to reduce coal, oil or natural gas imports in Morocco. This can be considered such as net
benefit of the biomass project as explained further in the next paragraphs.

Figure 2. Geografic situation of El Hajeb
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The objective of this study is to make a classification, identification and valuation of the
main costs and benefits (in the prívate and social aspects) associated to the project.
Without doubt there are more benefits and costs able to be evaluated, but this is a
preliminary study and it will allow obtaining enough information to have a first
valuation of the convenience or not to make the project.

3.2. Identification of costs

Costs related biomass production, storage and transport have been calculated within the
INTERSUDMED project. A detailed calculation of them can be found in this project.
For the purposes of the cost-benefit analysis of the biomass power plant, benefits related
land uses, erosión decreasing, knowledge of new cultures and agricultural employment
are not going to be examined. It is accepted that this would be a very complicated
analysis regarding alternatives of land uses, uses of water for irrigation, existence of
operational machinery, which would need to gather the information in a more detailed
way.

The main characteristics of the biomass power plant that would be located in El Hajeb
are the following:g:

- Power output: 11.2 MWe

15
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' e- Parasitic consumption: 1.2 MWe

- Annual performancce: 7,500 h/year

- Annual electricity output: 75,000 MWh

- Lifetime of the plant: 30 years

In order to carry out an easy and comprehensive analysis, social costs and benefits of
biomass production, storage and transport, were considered beyond the scope of the
study. Therefore, only prívate costs of biomass fuel are taken into account. They amount
a total of 16.76 $/ton dry matter, with 9.28 $/ton from biomass production, 1.42 $/ton
from storage and 6.06 $/ton from transport to the power plant.

The annual fuel supply flux to the power plant was estimated in 100,452 ton of dry

matter, which presumes an annual economic flux of $ 1,683,575 to be paid for the

biomass fuel.

Fc=$ 1,683,575 per year

Investment costs of the power plant comprise equipment, transport, labour, external
services and interest during construction. They have been estimated in $ 23,520,000.
Operation and maintenance costs, in an annual basis, have been established such as 5%
of the initial investment, which amounts $ 1,162,500. Operation and maintenance costs
cover labour, maintenance, insurance, water and electricity consumption and land
renting during the lifetime of the plant.

Ic= $ 23,520,000
0Mc= $ 1,162,500 per year

Power plant connection costs to the electricity grid were considered almost negligible
due to the existence of a local electricity grid (22 kV or 66 kV) in the surroundings of El
Hajeb (see figure 3). It has been also supposed that the network could intégrate the new
additional power without difficulties and the connection costs are within the investment
costs considered.

The environmental costs, associated to the electricity generation stage and examined
within the scope of the study, have been the effects on human health and global
warming from atmospheric pollutants released by the power plant. Due to the lack of
local information about geographical dispersión of population in the province of El
Hajeb, environmental effects of the biomass power plant have been transferred from
those calculated for a similar plant in Spain. Results from the Spanish case, suppose the
following environmental costs for the El Hajeb power plant.

16
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Table 1. Environmental costs (ENVc)

Effects

Human health

Global warming

Total

0.

0.

0.

12

13

25

Spanish
Case

mECU/kWh

mECU/kWh

mECU/kWh

Exchange
Rate

$ 1.17 = 1ECU

El Hajeb
Case

0.014 c/kWh

0.015 c/kWh

0.029 c/kWh

Animal
Costs

$ 10503

$ 11407.5

$21937.5

ENVc= $ 21,937.5 per year

Figure 3. Electricity grid situation in the surroundings of El Hajeb.

Substah on 60/22 kV

Electric grid 22 kV

Electric gñd 60 kV

According to the International Energy Agency (IEA) estimations, biomass power plants
of approximately 50 MW employ around 0.6 persons per MW, 1 person per MW in
plants of 25 MW and 1.2 persons per MW in plants of around 10 MW. It has been
assumed that the El Hajeb power plant would employ 15 persons to opérate the plant. If
a training ratio of 715 $/person/year (this amount can be considered as reasonable within
the Spanish conditions) is considered during the first three years, the annual training
costs associated would be:

TRc= $ 10,725 per year during the first three

Total life cycle social costs (TLCSC) of the biomass plant, without considering the time
valué of the money, can be aggregated following the subsequent equation:

17



Cost-Benefit Analysis of a Biomass Power Plant in Morocco and a Photovoltaic Installation in Algeria

n=0 n=3 n=30 n=30 n=30

TLCSC = JjIcn + 2 X + JjFcn + %OMcn +
n = - 2 /i=l H=1 /!=1 n~l

where,
n = year
INVc = investment costs during construction
TRc = training costs of operators

Fe = fuel costs
OMc = operation and maintenance costs
ENVc = environmental costs

However, there are other social costs that have not been examined within the present
study. The increase of road traffic, due to the distribution scheme of biomass, could
result in a growth of costs related to road maintenance, road accidents or visual and
noise impaets. Some of these impaets have been calculated in other studies, but the lack
of necessary knowledge of detailed local characteristics in the área of study has
supposed a great barrier in this case. Visual and noise impaets of the power plant or
water consumption in an área with scarce water resources could be also considered, but
no data have been gathered about them.

3.3.Identification of benefits

Quantifying benefits is usually more difficult than estimating and predicting costs. The
objective of the benefit valuation process is to develop assumptions and present a
reasoned prediction of the benefit's valué.

One of the prívate benefits considered are the revenues coming from the electricty sold.
If the electricity production of the biomass plant is of 75,000,000 kWh, and the
electricity price is 0.09 $/kWh, then the annual economic benefits from the electricity
produced would be of 6,750,000 $.

ELb= $ 6,750,000 per year

Another benefit would be the direct and indirect employment created from the
construction and operation of the biomass power plant. Direct employment is the one
created as fix in normal operation and contracted for foundation and construction of
facilities. Indirect employment is the one created because of the new demand of goods
and services generated by the project. Its amount is generally calculated from a regional
or national input-output model.

Effects on total employment in Morocco have been estimated from similar data obtained
from a biomass project (BIOEXTER), the estimations have been made for a plant of 20
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MW where the total employment generated by a bioenergy system varíes from 189 to
292 jobs. For the Moroccan case, the El Hajeb biomass plant of 10 MW will employ
around 125 jobs per year.

The economic valuation of total employment benefits due to the construction and
operation of the El Hajeb power plant could give an annual national benefit of $
296,106, taking into account that the average salaries of the Moroccan workers is of $
2,369 /year.

EMPb= $ 296,106 per year

Energy imports may impose costs on the economy which are not reflected in the market
price of energy or in prívate decisions regarding the use of imported energy instead of
other alternatives. These costs can be described as energy security externalities.

It is important to bear in mind that the energy security externalities are specific to the
country and the time period under evaluation. But since no specific calculation has been
carried out in the case of Morocco, data have been extrapolated from the literature,
considering that energy security externalities range from 0.76 to 2.57 $c/kWh for oil,
0.22 $c/kWh for gas and around 0.47 $c/kWh for coal.

Considering that Morocco is a net oil importing country, the energy security benefits
associated with the biomass power plant under consideration could suppose, in the most
conservative case, a valué of 0.76 $c/kWh produced. Thus, the annual energy security
benefit of the power plant could be $ 570,000.

ESb= $ 570,000 per year

3.4. Summary of social costs and benefits considered

Costs Benefits

Prívate

Fuel costs

Fc= $ 1,683,575 per year

Investment costs
Ic = $ 23,520,000

Operation and maintenance costs

OMc = $ 1,162,500 per year

Training costs
Trc = $ 10,725 per year during the first

three

Electricity

Elb = $ 6,750,000 per year
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Social

Environmental costs

ENVc = $ 21,937.5 peryear

Direct and indirect employment

EMPb = $ 296,106 per year

Energy security

Esb = $ 570,000 per year

3.5. The decisión rule

Next step in the cost-benefit analysis of the biomass power plant placed in El Hajeb has
been the selection of the social discount rate of benefits and costs associated. As pointed
out before, the social rate of discount is different from the prívate rate of discount since
it must consider other valúes than only prívate. In our case, it has been estimated that the
most appropriate social discount rate is the rate of GDP increment in the Moroccan
economy. This is approximate the valué that the economy could transform good and
services in an annual basis.

The time period it is considering within the analysis is 30 years, the life cycle of the

power plant. Considering that in the next 30 years the growth Morocco's economy could

have an annual mid valué of 2,5 %, this is the social discount rate to be applied in the

cost-benefit analysis (r = 3 %).

However, it is also necessary to consider the risks and uncertainties related to the future
evolution of costs and benefits. To include these factors in the cost-benefit analysis, a
risk rate must be added to the social discount rate. It is assumed that an annual risk rate
of 1 % (p = 1%) could be enough, but the sensitivity analysis developed has taken into
account the problem of quantifying risks and uncertainties associated. Therefore, the
social discount rate selected has been:

1

(l p)
7 = (1 + 0.4)-

Discounting the costs and benefits generated by the power plant at a 4% rate, all
economic indicators calculated are positive, the analysis has separated the prívate and
the social results:

Economic indicators
Net Present Valué

Internal Rate of Return

Benefit to Cost ratio

Prívate analysis
$ 7,987,327

2.2%

1.30

Social analysis
$ 22,724,999

5.7%

1.53
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Social net present valué and benefit to cost ratio of the El Hajeb biomass plant are
higher than the same prívate indicators. The consideration of social and environmental

costs and benefits produce better results than the prívate analysis. These approximate
results musí be considered by the decision-makers only as a theoretical approach, but
they show the way to a successful integration of renewable projects from the social point
of view.

3.6. Sensitivity analysis

The last step carried out in the biomass study has been the sensitivity analysis. As
mentioned before, sensitivity analysis must be made with the key variables of the
evaluated project. This is the way to know how variations of the key variables could
affect the results obtained by the project. In order not to be extensive, the sensitivity
analysis has been only developed for the social discount rate, since this is the most
relevant variable for the present project. Results of this analysis can be shown in the
following table.

Discount rate (d)

2
3
4
5

Net Present Valué
(NPV)

37,131,853
29,264,596

22,724,999

17,243,920

Internal Rate of
Return (IRR)

7.8%
6.7%

5.7%
4.7%

Distributive effects of the project could be also estimated, but this process need to
gather additional information about the regional structure of the Moroccan internal
market and the scheme of its imports, with is beyond the scope of the study. However,
without considering these distributive effects of the biomass power plant in the regional
economy, the project is very attractive from the socio-economic point of view.

4. COST-BENEFIT ANALYSIS
INSTALLATION IN DJANET

4.1. Energy situation of the country

TO A PHOTOVOLTAIC

Algeria is important to world energy markets because of three causes: a) it is a
significant producer and exporter of light gravity, high-quality oil and natural gas
liquified (NGLS); b) it is also an important and growing source of natural gas supplies
to Europe, particularly Italy; and c) because it is a strategic country in North África.
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Algeria relies on oil and gas exports for nearly all (about 97%) of its hard currency
earnings. Roughly one-third of these earnings derive from natural gas and two-thirds
from oil. Natural gas represents 70% of Algeria's total recoverable hydrocarbon
reserves, compared to 17% for crude oil, 10% for condénsate, and 3% for liquefied
natural gas. Algeria hopes to nearly double its natural gas export capacity (to around 2
Tcf -trillon cubic feet- annually) in 1997, and to increase its crude oil production
capacity from about 800,000 barrels/day currently to 900,000 barrels/day. Algeria's oil
exports are sold under term contract, mainly to Europe but also to the United States,
while its natural gas is exported mainly to Italy.

Figure 4. Comunications in the South of Algeria

Algeria has five refineries with combined capacity of 465,000 bbl/d. The country's
refining capacity was augmented significantly in 1981, when the 310,000-bbl/d Skikda
refinery started operations. Algeria's refineries are capable of meeting almost all of the
country's domestic requirements. However, since they lack substantial depth in
secondary processes, limited amounts of gasoline and kerosene still are imported.

Algeria has an extensive pipeline network to enable transportation of crude oil, NGLs,
refined products, and natural gas. The country's 13 major crude oil and NGL pipelines
cover 5,600 miles and include links from producing fields in southeastern Algeria to
refining and processing facilities at Hassi Messaoud, Hassi R'Mel, Arzew, Algiers, and
Skikda.

Algeria contains 128 trillion cubic feet (Tcf) of proven natural gas reserves, making it
one of the world's ten largest sources of gas. Algeria's largest gas field is the super-giant
Hassi R'Mel, which initially held probable and possible reserves of between 95-105 Tcf
and proven reserves of about 85 Tcf. Net dry gas production from Hassi R'Mel is around
1.35 Bcf/d, or about a quarter of the Algeria's total production.
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Algeria hopes to boost its natural gas exports from 3.6 Bcf/d at present to 5.8 Bcf/d by
2000. Through 2020, the European Commission has forecasted that Algerian exports
will not exceed a 25 percent share of the European gas market.

Economic Overview

Currency

Market Exchange Rate (10/96E)

Gross Domestic Product (GDP)(constant
1990dollars-1996E)

Real GDP Growth Rate (1996E)

Inflation Rate (consumer prices - 1996E)

Unemployment(1996E)

Current Account Balance (1996E)

Major Trading Partners

Algerian Diñar (AD)

US$1=AD54.25

$69.2 billion

5.0%

37%

over 25%

$0.8 billion

Italy, France, United States, Germany,
Spain

Energy Overview

Hydrocarbon Production (% of total)(1995)

Electric Generation Capacity (1994)

Electricity Generation (1994)

Net Electricity Exports (1994)

Consumption per capita (1993)

Natural gas (65%), crude oil and
condénsate (32%), liquefied petroleum gas

(LPG) (3%)

5.8 GW

17.5 billion kWh

1.05 billion kWh(Tunisia)

587 kWh

4.2. Background situation

The most part of the population as well as the electricity grid are located in the center of
Algeria, in the South part of the country only small diesel power plants are used. Djanet
región is located in the South of Algeria and the diesel technology is located in more
than 20 sites, the 5% is made of groups with less than 1 MW, the 70% of groups of 1 to
2 MW, and the rest made of groups of 8 MW. The total installed diesel power is of 182
MW.
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Figure 5. Size of Djanet in the map of Algeria

Among the characteristics of the Southern región it should be pointed out the following:

It is a great extensión of territory with few inhabitants.
It has extreme weather conditions and during summer time the temperatures are
higher than 40°C.

- Fragility of Communications (roads).
To feed the diesel plañís, the fuel is transponed by trucks from the nearest refinery,
"Hassi Messaud", the frequency of displacements depends on the consumption of
the power plant. Taking into account the quantities consumed in 1995, an
assumption has been made for the next ten years:

••• for year 2000: 3 trucks of 20 tons per week.

• for year 2005: 3-4 trucks of 20 tons per week.
*X* for year 2010: 4-5 trucks of 20 tons per week.

(SONELGAZ estimation)

Djanet región is located 2,300 km South from the capital of Algeria, Alger; it has 24,368
inhabitants and a total surface of 159,000 km2. Actually a diesel power plant is located
and its main characteristics are the following:

Installed power

Groups

4,656 kW

6 of 600 kW, and 2 of 528 kW
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Specific consumption

Plant lifetime

2,987 Th/kWh

15 years.

The distance from the refinery to the power plant is assumed to be around 300 Km and
most of the roads are local. To this situation it should be added the hard weather
conditions that makes this transport even more difficult and suppose an important
limitation for the operation of this power plant.

The different studies made in Algeria of its solar potential have concluded that there are
great expectations for the exploitation and utilization of solar energy. The duration of
the insolation hours around the national territory is of around 2,600 hours per year, it
could reach 3,800 hours per year in the Sahara área. The energy received by a horizontal
surface of 1 m2 is from 4 to 6 kWh in the most part of the territory. In Djanet área the
annual hours of insolation are of around 3,704 hours per year.

The project aims to intégrate a médium size photovoltaic (PV) plant of 600 kW within
the local grid (that will substitute part of the diesel existing power plant). The PV solar
energy has many advantages such as low environmental impact, high energy quality, it is
a renewable source of energy and no need to be transported . This energy is ideal for
covering energy consumptions in isolated áreas due to its simplicity, and it is used in a
commercial way for electricity generation in the same place as the demand. Its main
advantage is that it does not need any fuel supply and in this particular case the
advantage is higher due to the problems of fuel supply existing.

The main characteristics of the new PV plant are the following:

Installed power

Plant lifetime

Capacity factor

Energy output

Electricity cost

600 kW

20 years

2,200 hours

1,320 MW/year

0.5 ECU/kWh

The objective of this report is to identify and valué in monetary terms the social and
economical costs and benefits, in order to take a decisión about the profitability, not
only in financial terms but also in the social ones, of the PV installation in Djanet.

In the next section the costs and benefits of this installation will be identified, and their
monetary valué will also be calculated as a preliminary study (as was made in the
Moroccan case).
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4.3. Identification of costs

In this section it has been identified and valued the following costs:

Investment cost
Operation and maintenance cost
Environmental cost
Training cost

Due to the lack of data, it is impossible to estímate in this study other social cost such as
alternative use of land, erosión, visual impact, ..., that influence in the total valué of the
costs. For this reason only prívate and environmental costs have been estimated.

The investment cost of the power plant comprises equipment, transport, external
services and interest during construction. It has been estimated in $ 3,580,200 for the
first year of the plant implementation.

Operating and maintenance costs are generally low, because there are no moving parts,

it represents an annual share of the 2% of the total investment costs, that is, an amount

of$ 71,604.

Ic= $ 3,580,000
0&Mc= $ 71,604 per year

The environmental costs are the ones associated for the construction of the PV plant,
from the production of silicon and all the processes necessary to implement the plant.
The use of the life analysis cycle approach is particularly important for PV for which
most of the environmental implications arise from the production and construction
phases.

Some environmental burdens, taken from the MEDENERGY project, are summarized

in the following table.

Table 2. Impacts of the PV solar energy

Fuel cycle phase
Construction

Generation

Decommissioning

and recycling

Product Disposal

Category
Ecosystem

Emissions
Amenity
Workers

Implication
Land use

Loss of habitat

None

Visual intrusión

Accidents

Emissions, noise

Heavy metal disposal

Priority
High

Low
Low

Low

High

Impact range
Local

Local
Local

Local

Local
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The main impacts are produced in the plant construction phase and they influence
mostly to two impacts: land use and loss of habitat. The first impact is easy to valué if
the data about its present use is known, then the impact will be the opportunity cost. The
second one is more difficult to valué due to the complexity of the habitat, and to the
functions and uses performed in that habitat. The valuation should have taken into
account all this uses, and also that some of them are non-use valúes.

Due to the lack of information about the situation of the power plant, the type of
ecosystem and the use of the habitat, this analysis has not been completed.

Because of the mínimum information available for Djanet, data has been transferred
from a similar PV plant and the effects on public health, crop losses and global warming
have been estimated. The results from other PV power plant suppose the following
environmental costs for the Djanet plant.

Table 3. Environmental costs

Effects

Public health

Crop losses

Global

warming

TOTAL

Reference PV
plant

1.4 mECU/kWh

0.19mECU/kWh

0.2 mECU/kWh

1.79mECU/kWh

Exchange rate

$1.17= 1ECU

Djanet case

0.16c/kWh

0.022 c/kWh

0.023 c/kWh

0.205 c/kWh

Annual costs

$2,112

$290

$303

$ 2,805

ENVc= $ 2,805 per year

It has been assumed that Djanet power plant would employ 4 persons as stated in an
Spanish PV plant located in Puebla de Montalban (Toledo) with similar characteristics
and an installed power of 1 MW. If a training ratio of $ 715 per person per year is
considered during the first year (as established in the Moroccan biomass plant), the
annual training costs associated would be of:

TRc = $ 2,860 per year

The total estimated costs of this PV plant, without considering the time valué of the
money, can be aggregated following the subsequent equation:

n=0 n=30 n=30 ;z=30

TLCSC =
n=l n=l

where,
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n = year

INVc = investment costs during construction

TRc = training costs of operators
Fe = fuel costs
OMc = operation and maintenance costs
ENVc = environmental costs

4.4. Identification of benefits

Photovoltaics, owing to its modularity, simplicity and lack of emission, fuel and noise,
is one of the most promising technology for electricity production. Furthermore,
electricity generation by photovoltaics presents peculiar aspeets:

short time for construction.
modularity of PV installations, which improves performance and reduces costs

- easy and speed of decommissioning outworn plañís

positive job creation potential, when direct and indirect sectors are considered
an important benefit is avoiding or at least reduction of the environmental effeets of

traditional power supply options.

The benefits identified in this analysis are the following:

Saving of fuel consumption benefit.
Direct and indirect employment in construction and operation
Contribution to the GDP and taxes.
Environmental benefits.

The existing plant of 4,656 kW needs a supply of fuel from the refineries to the power
plant, so the first benefit that should be valued would be the fuel saved as a consequence
of the change of technology.

The existing plant has a consumption of 2,987 Th/kWh, from this data and taking into
account that the diesel density is of 0.85 kg, it has been calculated that 396,000 litters
are saved. Taking the price of the fuel from the average valué of the year 1995 prices in
Europe, estimated in $ 0.16 per litter, the total fuel will suppose a saving of $ 63,360.

To this total it should be added an increment where the cost of transporting the fuel are
included, it have been estimated an increment of $ 0.03 per litter, so the total price
would be of $ 0.19 per litter, and the total benefit of fuel consumed would be of $
75,240.
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In this particular case, this benefit has a lot of importance because it guarantees the fuel
supply. And, on the other hand, it avoids the transport of fuel from the refinery that was
made with the existing diesel plant.

Bfc = $ 75,240 per year

Another benefit that should be valued is the creation of direct and indirect employment
that would be necessary to manufacture, install, opérate and maintain the power plant, as
well as their contribution to improve the employment rate.

A study made in the MEDENERGY project shows that in Algeria 8,400 news jobs
(direct and indirect) could be created by installing 7 MWp of PV stand-alone systems, to
provide electricity to the extremely isolated dwellings of the country. This calculation is
based on the assumption of the installed systems of ECU 10 /Wp of which 50% consists
of imported components. According to these estimations, the new PV plant with an
installed power of 0,6 MWp will employ around 720 persons.

The economic valuation of total employment benefits would be valued in terms of
Government savings, due to the lack of data, it is not possible to valué these benefits in
monetary terms. However, the creation of these new jobs need to be further analyzed
since it could offer an important argument in favor of promoting PV in this country.

Total employments created =720

Without doubt, the main benefit of installing a PV plant is the environment. The PV
energy obtains energy without using any combustión process, for that reason no
emissions of pollutants associated with acid rain are thrown to the atmosphere ñor COa
quantities related with greenhouse gases.

The quantity of gaseous emissions avoided by PV-generated electricity will depend on
the assumptions made concerning the electricity generation technology displaced by PV.
In the following table are shown the avoid emissions taken from an ETSU study that
assumes the 1993 UK generation mix.

Table 4. Avoided emissions using PV solar energy

Atmospheric Emission

CO2

SO2

NOX

Particulates

CO

Avoided Emissions (g/KWh)

654

7.8
2.5

0.36

0.10
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Atmospheric Emission

NMVOC

CH2

Avoided Emissions (g/KWh)

0.08

1.7

The exploitation of the PV solar energy makes unnecessary the creation of
infrastructures of energy transport in the case of rural electrification far from the grid.
This energy also avoids the impact created by their realization in the way of cables,
posts and so on if compared to grid connected applications.

Other advantage is that with this energy the quality of the underground and superficial
water does not change neither in its consumption ñor in the pollution caused by residues
and overflows, compared to the water needs of a conventional power plant.

The environmental benefits are one of the most important ones, and they would have a
big weight when taking the final decisión of the investment. These benefits are very
difficult to quantify and valué in monetary terms and to these difficulties, the lack of
information should be added, making the calculation of the final results with lots of
uncertainties.

4.5. Summary of social costs and benefits considered.

Costs Benefits

Prívate

Investment costs

Ic = $ 3,580,000

Operation and maintenance costs

OMc=$ 71,604 per year

Training costs

TRc = $ 2,860 per year

Saving of fuel consumption

BFCb = $ 75,240 per year

Social

Environmental costs
ENVc = $ 2,805 per year

Environmental benefits
(Not monetarized)

Direct and indirect employment
EMPb = 750 employments created (not

monetarized)

As it has only been estimated the monetary valué of the prívate costs, and only the fuel
consumption saved benefits have been calculated. Therefore, the calculation of social
economic indicators (NPV, IRRC, B/C) as well as the sensitive analysis would not
reflect the real situation in order to take the final decisión. For that reason this
calculation have not been made for this analysis.
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