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Abstract

In this paper, we identify the current status and outlook of the renewable energy source in Morocco. We provide also the

challenges and thearriers to the development of renewable energy (RE) in Morocco and the national strategy for energy

security and meeting these challenges. Then, using a time series method, we estimate the capacity of the wind and solar

power in Morocco plans in the lostgrm towards 2030, that can be injected without creating the constraints of transit on
the grid utility and on the whole electrical system.

KeywordsRenewable energy (RE), Wind power, Pumped Energy Storage (PES), Solar power, Available capaciipnbtaak.

1. Introduction forecasting something that is changing over tif8g the
time series decomposition is based on feegmentstrend,
Nowadays the world is facing a double challenge in theyclic, seasonal, and random components (section 6.2). The
energy area, the firshallengds the absence of a secure andelectrical load is principally a time series has generally three
adequate energy sousz@nd the second is the environmental seasonatycles:daily cycle (the daily load curve), a weekly
losses generated by excessive energy consumption and ustygle, and a yearly seasonal cycle [ ].our case, we have
the primary energy sources, such as oil and cdhe  applied the Time Series methods on energy consumption in
energetic development in the world oriented to theMorocco between 2008 and 2016 for estimating the energy
renewable energy development sector, due to the increasifigrecast in 2030This paper provides a survey of the current
of electricity demand,the industrialsectorgrowth, anda  status and outlook fothe renewable energy in Morocco
high price of poweconventional energgesource$l]. including solar, wind, hydroelectric, biomass, and
The geographical conditions of Morocco mean that it hageothermal energy and we have plotted the load power curve
large potential in termsf the wind, solar and hydropower for estimate the available capacity of the wind and solar
[1]. In 2009, Morocco launched the national energy strategyenergy towards 2030.
for renewable energy and energy efficiency plan as the main The paper is organized as follswSection 2 presents the
pillars. The strategic and general conditions in the countrgurrent situation of the energy, national energy strategy, and
are oriented to the development of reable energies. energy challenges in Morocco. Next, section 3 discusses the
Energy projects in Morocco stand out big time with a boldrenewable energy potentials in Morocco. Section 4
target of sourcing more than 52% of its electrical energyntroduces the energy efficiency. In section 5, we intoed
from renewable sources by 2030 which 4560 MW solarthe barriers and solutions to the development of renewable
4200 MW wind, and 3100 MW hydropower and plan toenergy in Morocco The demand forecasting over 2030 is
have 2000 MW of wind, 210 MW of solar and 2000 MW discussed in section 6. The available capacity of RE in
of hydropower plants by 2020 [2]. Morocco towards 2030 that can be injected into the grid is
The increasing of the renewable energy installation hapresentéd in section 7. Finally, Section 8 presents
an increasing impact on the electrical grid due to theonclusions.
difficulty in forecasting production, the maximum capacity
thatcanbe injected ito the grid, and a deterioration in the
energy quality. In our case, we have estimated the maximal Current Situation of the Energy in Morocco
capacity for the renewable energy precisely solar and wind
energy based on the load power of Morocco toward 2030s electricity demand increase with economic development
for this forecasting we are using the tiseries methods of MoroccoOs current electricity demagwws strongly with
forecasting. Excel and MATLAB will be used as aids foran average rate @&.5 % per year. Consequently, electricity
analysis. demand more than doubled from T&h (TeraWatt-hour)
Time series forecasting methods are the most currert 2002 to 34 TWh in 2014. For this reason, the production
methods for forecasting andre useful when you are of energyin Morocco increased by &% per year between
2002 ad 2012 to providethis demand grows. The total
*Email addrédshamed azerouall @usmba.ac.ma capacity installed in Morocco in 2015 it 854 MW, with
ISSN: 17917 © 2018 Eastern Macedonia and Thrace Institute of Technology. Allic ~ 34% of renewable energies with the followingx: Carbon
doi:10.25103fj24te3 (32%), natural gas (11%), hydropower (22%), fuel oil and
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diesel (24%), solaf2%) and wind pwer (10%) (see Figure three principal challenges of modern energy pokggcurity
1) [5] [6]. The industry sector ithe highest consumer of of supply, affordability, and sustainability.
electricity in Morocco with 43.6%, the residentiséctor The NESfocuseson four main goals [10
with 32.8% is the second consumer, and the commercial

field with agriculture sector (22.4%), while the transport ¥ Securing energy supply, especially by reducing the
secbr accounts only for 1.2%f the electricity demand. dependence on imported energy carriers through
According to Ministry of Energy, Mines, Wateand the the development of RE sources (from 96% in 2015
Environment (MEMEE) of Morocco [6] [7], future primary to 82% by 2030) and the increasexbloration of
energydemand could reach 26 Mtoe (million tonnes of oil conventional energy sources

equivalent) in 2020 and3 Mtoe in 2@0. Also, Morocco ¥ Controlling energy demand, ndilg by improving
imports electricity from the neighborirguntries. energy efficiency.

120,00% ¥ Generalizing energy access to all segments of the

population at affordable and competitive prices.

100,00% ¥ Conserving the environment.
80,00% - . . . Based on these goalhe NES and the related National
10% Priority Action Plan (PNAP, 2009(215) set the following
15% 18%
20%

targets:

60,00%

24%
11% 5%

40,00%

- 1. Electricity supply: Increase the total installed capacity
of renewablesnergy in the electricity sector to 42% by

2020 and to 52% by 2030 (up from 34% in 2015).

2. The demand for energy: Around -12% of the
primary energydemand of the country by 2020 and 15

2015 2020 2025 2030 20% by 2030 with renewable energy sourceslafs
wind, and hydroelectric).

3. Energy Efficiency Achieve 12% energy saving by
2020 and 15% by 2030 as well as to reduce greenhouse
gas emissions in the transport sector 5%03

20,00%

0,00%

M Carbon W Natural gas Fuel wind turbine Wsolar W hydraulic

Fig. 1. Plan of the electricity sources from 2015 to 2030 [5].

2.1. Energy challenges
The power grid in Moroccois characterized byfour
principalchallenges:

2.3. Regulatory framework regarding the electricity
sector
Morocco is an innovative country in the development of RE
in the Middle East and North Afric@ENA) region.Law
i1l3-09 on renewable eergy [11] provides a legal
ramework for the development of RE projects in Morocco
and sets the framework for private investments in this sector.
It introduces major innovations, including the opportunity
for a competition of renewable electricity production arel th
capacity to export electricity from renewable sources, by
using the national grid. It also sets an
authorization/declaration system, depending on the capacity
of the facility as follows:

1. Increasing CO2emissions: Despite the countryOs
efforts to base its electricity system on high shares o
renewableand green energy, its national energy
consumption is still very controlled by fossil energy
carriers. As a consequence, total CO2 emissioas a
anticipated to closely follow the rising energy
demands and increase substantially in the-lovid
term [8].

2. Electricity systemstability: Morocco is in critical
need of new electricity infrastructurevith the
electricity consumption projected to grow

consideraby. This growing demand requilea ¥ An authorization regime for renewable energy

substantial investmeit additional power generation projects with a capdly of 2MW or more

capacity, transmission, distribution, and storage ¥ A declaration is required if an electricity

infrastructure [9]. generating facility capacity is between 20kW
3. Electricity prices: Electricity prices in Morocco are and 2MW.

not uniform. They arelifferentiated by voltage and ¥ In respect of facilities that produce thermal

consumer category. the pricing strategy using in the energy, there is only a declaration if the

country does not take the user's socioeconomic status capacity is equal to or higher than 8MW

into account [10]. ¥ An obligation imposed on the administrative
4. Energy import dependence:Unlike some of its government responsible for the development of

neighborsin the north of Africa, Morocco is highly RE projects to allocate areas designed for the

dependent on imported hydrocarbon energy. With construction of wind and solar for producing

very limited local energy sourcesover 96% of its the high capacity possible.

energy supplies come fromutside: oil principally

from Saudi Arabia, gas almost exclusively from 2.4. Interconnection capacity with neighboring

Algeria, and coal from Russia and South Africa [10]. countries
The interconnections with neighboring countries available
2.2. MoroccoONational Energy Strategy (NES) give guarantees the reliability of supply and the security,
Morocco adoptedits National Energy Strategy (NES) with contributing stability to both systems as a whole and also
corresponding targets for 2020 in 2009 and renewed it ithese interconnections can increase the maximal capacity of
Paris end of 2015 with targets until 2030. Challenging théolar pover (Section 7). In addition, it develops the technical
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and economic exploitation of the energy generation an@.5. National electricity transmission
transmission systems of both countries. Currently, Moroccdhe National Office of Electricity and Water (ONEE) is in
has two interconnections with Spain and Algeria. Theseharge of the public service, electric energy generation,
interconnections will be reinfoed by doubling the capacity transmission, and supplyThe electricity transmission
of new lines and the others interconnections with Portugatetwork of Morocco constituted b®,765 km of 400 KV
and Mauritania is under study. Strengthening andines, nearly 9,680 km of 225 KV lines, 147 km of 150 KV
development of energy interconnections with neighborindines and about 12,000 km of 60 KV lines6]1 ONEE
countriesareshown in Figure 2 [2]. launched an important program to increase its transmission
networks and electricity supply. This program is constituted
[ by realization 980 km of 400 KV, 1292 km of 225 Kahd
4 382 km of 60 KV.

Portugal
—  Spain
0 o
\ 3. Renewable energy potentials in Morocco
Morocco isreadyto lead theMiddle East and North Africa
(MENA) region in the renewable energysector The
limitation of conventional hydrocarbon resources, high
energy import from other countries to satisfy its demand for
energy, the Moroccan government historically resorted to
fossil fuel importation and rapidly rising electricithemand
Morocco _J have provided Morocco with the impetus to increase the RE
_/ development and appear as a stable target for power sector
Algeria investment [16]. To resolve its energy challenges, the
kingdom of Morocco is turning to renewable energy
N\ development, comprising e¢h wind, solar and hydro.
’ Morocco has the most ambitious renewable energy targets in

- e e mm
- = =
—_—
——
/

the MENA region, pledging to increase the energy from
renewable source to 42% of the countryOs electrieity
\" Mauritania | = =

L |
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| = = =

I |

o |
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producing by 2020 and 52% by 2030, evenly separated
between the wd, solar and hydro as shown in Table 1 [17]
[18].

| e

| T

Fig. 2. Strengthening and development of energy interconnection wit
neighboringcountries [12].

Table 1.Official Moroccan renewable energy targets for
020 and 2030 [18] [19

Renewabl | Installatio | Percent | Installatio | Percent
2.3.1 Interconnection between Morocco and Spain eenergies  n target of . n target of .
The capacity of the existing interconnection between for 2020 ca;?acn for 2030 ca;?acn
Morocco and Spain is 1400 MW [5]. A neémterconnection 32'0% 32'0%5
submarine with Spain of 700MW for guarantees the security—
and reliability of supply, contributing stability to both Wind 2000 MW 14% 4200 MW 20%
systems as a wholedlL Solar | 2000MW | 14% | 4560 MW | 20%
2.3.2 Interconnection between MoroccdAlgeria Hydro 2000 MW 14% 3100 MW 12%
The first electrical interconnection between Morocco an .
Algeria of 225 KV was commissioned in 1988 with a L. Wind energy status and outlook

capacity of 200 MW [4]. The installation of a second line

and then a third, commissioned in 2009. The capacity of th
exchange has been increase®@ MW, with new 400 KV

Some of the greatest wind sources in the world are found in
orocco, with 3500 km of coastline and wind speedsaup
1.5 m/s at a height of 80 m, the total wind power potential

in Morocco is estimated at about 25 GWoJ[1Moroccd3

double line between Sid Ali Bossli (Algeria) -Bourdim

(Morocco)[1]. total installed wind power capacity at the end of 2016 was

803 MW [18] as shown below in Table 2.

2.3.3 Interconnection between MoroccdPortugal
The study for the project begins in 2016 to build an
interconnection with a capacity of 1000 MW5]1this first

Table 2. Total installed wind pwer capacity at the end of
2016 [20].

interconnection, which will help the two countries te Akhefni?lieTanTan Powelrolg MW
exchange electricity. The project will also inject electricity Am oadul Essaouira 60
from renewable sources. gau u
Fouma Alouad Laayoune 50
. I Lafarge Tetouan 32
2.3.4 Interconnection between Moroccd®Mauritania Tgnger 1 140
This intercomection has some objectives:[2] Tarfaya 301
¥ Enhance the renewable engrglevelopment in the Haouma Tangier 50
region. . _ A. Torres Tetouan 50
¥ Linking the Europeanand African west electrical Ynna Bio Power Essaouira 20

network through the interconnection Moroespain.
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The developing importance to exploit wind energy hasMW, currently producing about 200 GWyear. Other wind
driven Morocco stakeholders to the realization of importanfarms are in Essaouira (60 MW) operating ago April 2007,
wind farms (see Figure 3 IP. The first wind farm in  Tangier | with 140 MW Tetouarwith 300 MW, etc.
Morocco was AbdelkhaleRorreswith a capacity of 50.4

l Wind farms realised

,t Wind f ) Tanger II: 150 MW
INA rarms in progress
prog CASABLANCAR”

E1J Khalladi : 120 MW

ne g~
arfaya : 300 MW l Akhfenir : 200 MW
Laayoune
Tiskrad : 300 MW
Ladyoune : SO MW
/)

Boujdour: 100 MW T

-

Dakhla
// /o
/
—
Fig. 3. Realized and in progress wind farms in Morocco [21].

Morocco needs to achieve its 2000 MW targe®2020 The developments in wind power are very increasing
and 4200 MW by 2030 [2] A]. The kingdomplanning to  currently. The company Siemens, which has been serving in
develop large wind farms (see Figure 3) to achi20% of = Morocco sincel929, has completed a 300 MW project in
wind power in 2030The increase of wind power capacity Tarfaya. It also just declared the construction of a factory in
will then sit some challenges toetlstability of the electricity Tangier to produce rotor blades for markets in Africa,
system. Therefore, it is necessary to determine the availableurope and the Middle East. Total investment in this project
capacity of the wind that can be injected into the grid. amounts to about 120 million US dollafg0]. Another

The wind energy project development in Moroccopromising sign is that in early 2016 the
increases ONEE has six wind farms under constructionNareva/Enel/Siemens consortium was the successful
toward 2020 and other farms to 2030 with a total capacity ofenderer in the appropriation process for an 850 MW wind
1000 MW in Tangier Il 150 MW, Midelt 100 MW, Jbel power project with a worldecord low price (0.03 US
Lahdid 200 MW, Tiskrad 300 MW, Boujdour 100 MW, and dollars/kWh).

Taza 150MW. The investments amounting to around 3.5

billion US dollars are planned between 2@ 2020 under 3.2. Solar energy status andutlook

the wind power planZ0]. Similar to wind energy, solar energy depends on weather
conditions. Variations in the weather such as clouds and
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pollution could affect solar poweproduction The solar CSP technologies mean plants that produce electrical
energy is available just during sunlight hours. Thereforegenergy by means of concentrated sun irradiation. Generally,
solar power generation changes by season, location, a@SP plants use larggrea mirrors to concentrate sunlight
time of the day. onto a relatively smalhperture receiver. Due to its

Many technologies are used to expand solar radiatiorgeographical lod#on, Morocco is one of the important solar
including thermal solar energy, concentrated solar powepotentials in the world that is estimated as of over 5
plant (CSP), solar chimneys or powers, and photovoltaikWh/m’/day (see Figure 2]). For increasing the capacity
systems. An advantage of photovoltaic technology compareaf the production, the kingdom of Morocco has a stated goal
to other technologies is the possibility to integrate a PMor solar energy terms of Concentrafi Solar Power (CSP)
collector into the building by turning outside walls, and Photovoltaic (PV) of 14% (2000 MW) by 2020 and 20%

windows, and roofs into a Ptbllector. (4560 MW) by 2030 of the count production capacity
[21].
Global Horizontal Irradiation (GHI) Morocco
Tanger *"/{Tétouan
Larache+ ledr Kebir " /" .‘Nﬁd.m
S Oujda*
Kenitra, o Taza v

Rabat« '.Me;;:: i1y

Casablanca« ! 7
El Jadida = 'Se"a'Khouribga Z <

Safifs ¢ BeniMelal,

Essaouira,"

Average annual sum, period 1994-2010 0 100 200 km

<1650 1800 1950 2100 2250 > kWh/m? GHI Solar Map © 2014 GeoModel Solar

Fig. 4. Moroccan solar potential [22].

Moroccd3 total installed solar power capacity aims to increase installed capacity of CSP and PV solar
constituted only by CSP technology at the end of 2016 [12production to at least 2000 MW by 2020 and 4560 MW by
was 180 MW, 160 MW Ouarzazate Noor | project, which is2030[12]. Moroccan Agency for Solar Energy (MASEN) is
currently under service and 20 MW solar thermal CPS anthe responsible for many aspects of solar (CSP and PV)
gas- Ain Bni Mathar [2Z]. Similarly, to wind,the kingdom  energy in the country @nalso ONEE is itself planning to
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create a number of mediusized PV [H]. Table 3 [B]
shows the solar stations under service or are undgiace at present to tap into this potential, although some
development, four stations in Ouarzazate with the capacitgmall companies have previouslyitiated progress in this
around to 570 MW, Midelt 400 MW, Tata 400 MW, field [25].

Boujdour 80MW, 200 MW in Noor Atlas, Noor Tafilalt

station generated 100 MW.

industrial field. However, there are no national strategies in

3.5. Geothermal energy
Geothermal is energy available as energy included in or

Table 3. The solar stations under service or are undedelivered from the earthOs crust [26]. In Morocco, there are
development in Morocco [18].

several important areas where the geothermal energy could

be more used fogreenhouses, aquacultures, heat pumps,
etc. The use of geothermal energy will help Morocco to

produce sufficient food for its domestic market, as well as
for export. The current situation of geothermal energy in
Morocco estimated by 5.02 MWt (MegaWatt timed) and

22 GW hl/year as the annual using for bathing and
swimming, others applications like electricity production

4. Energy efficiency

The national strategy of Morocco adopted in 2009 considers
that the energy efficiency (EE) as a nationalogty to
achieve 12% energy savings by 2020 and 15% by 2030 [2
In this context, the energy efficiency plans have been
included in all key divisions, including transport, industry,

Morocco Agency of Renewable Energies and Energy
Efficiency (ADEREE) has launched several projects of
energy efficiency in the building, industry, and transport
sectors,which represent more than 90 % Moroccan
energy consumption.

5. Barriers and solutions to the development of
renewable eergy in Morocco

In this section, we will present the various challenges that
limited the development of renewable energies in Morocco

Site/power Power | Technology State
plant in MW
NOOROo | 160 CSP Under service
Ouarzazate
NOOROo Il 200 CSP Under
Ouarzazate development
NOOROo Il 150 CSP Under
Ouarzazate development  [21] [27].
NOORo IV 70 PV Under
Ouarzazate development
Midelt 400 CSP and PV Under
development
Tata 400 CPS and PV Under
development
Ain Beni 20 CPS and gas| Under service
Mathar
Noor B 80 PV Under
Boujdour development  and building.
Noor L 20 PV Under
Laayoune development
Noor Tafilalt | 75-100 PV Under
development
Noor Atlas 200 PV Under
development
Noor Argana| 100 PV Under
development
3.3.  Hydroelectricity [28] [29] [19]:

Moroced3 installation of hydropoweproduction capacity

started in the 1960s. This capacity increased in each year, I

currently, Morocco has 26 traditional stations of hydropower
with the capacity of 1360 MW and 464 MW from a pumped
energy storage (PES) in Afourer. Hydropower can be
considerd a traditional element of Moroc@feet of power
plants (installed capacity in 2015 stood at 1,770 MW), and
its potential is well employed. ONEE is generally the
responsibility for constructg Hydroelectricity projects. For
achieving their goal of 20000 by 2020, ONEE intend®
construct new PES of 350 MW at the site of Abdelmoumen
that will increase the capacity to 2120 MWB[and others

PESs projects under study for increasing the maximal i

capacity of wind power (Section 7).

3.4. Biomass energy
Moroccd3 large agricultural sector and the fact that a large
part of the waste generated is made up of organic
components are a boon to power generation from biomass
and biogas [2]. In Morocco, especially in rural regions,
there is an important quantity of foressidues and crop.

This has helped the country to advance a promising
alternative source of renewable energy, which consists of

biomass energy. Biomass is an organic substance such as fii.

crops, wood, and animal wastes that can be used as an
energy source. e objectives of Morocco are to strengthen
the biomass area, with a way to replacing fuel oil in the
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Economics and financial barriers Renewalg
power technologies have highvestment costs
but low operating costs opposed to fossil
alternatives, as they have no fuel costs (excluding
biomass power)Investment costs are generally
higher in developing than in developed countries
due to factorsuch as poorly trained labor forces,
a requirement to bring engineers from outside,
and weak transportation infrastructure, a lack of
accessible financial support for smsadale
projects, and alsthe high initial capital.
Political, institutional and regulatory barriers:
The introduction and success in the use of the
renewable energy technology and energy
efficiency measure highly depend on the existing
policy framework in each countryn Moroccq
the absence of cooperation synergetic
collaboration between the various stakeholders
and lack of coordinatiorbetween thepolitical
groups and ministries (distribution operators are
often against the development of RE in their
electrical grid).
Technical barriers: Continuing major technical
issues related ot the intermitten and the
variability nature of renewable energi&9], one
of the main obstacles to the development of
renewable energies is the intermittency of these
!
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renewable energy sources developmemevertheless,
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sources. Indeed,
directly on primay energy fluctuations imature
the wind turbine depends on the wind, which
undergoes periodic interruptions sometimes, the
solar depends on the sun thatadvailable only

renewable energies depend ¥

Increase the role of universities and its researchers of
transferring international knowledge for increasing
the development of RE.

during the day The variability of renewable 6. Demand forecasting over 2030

energy sources has always been present in thehe electricitydemandn Morocco is predictable to increase
generation of @ctricity. Indeed, the availability at a sustained rate over the next few years. This growing
of the resource from which renewable energiesneed for electricity is driven primarily by Morod®o
are exploited corresponds to the natural cycle ofncreasing wealth and industry. In this section, we make an

each resource.

estimate of the electricity demand in Morodzetween 2017

and 2030. For thatve applied the Time Series method5][

on energy consumption in Morocco between 2008 and 2016
for estimating the energy forecast between 202330.

important challenges and barriers still need to be addressathere are several methods of forecasting, itOs based solely
in order to unlock the full development potential of aon historichvalues for making the forecasts of the future.

sustainable
recommendations are provided to shed light on differeng.1.

electricity system The following

Characteristics of energy consumption in

aspects that should be improved toivr at an integrated Morocco
and coherent in development of RE in Moro¢29] [19]:

¥

The power consumption is chatadzed by three cycles of

Improve the sectoral interplay between and withintime:

relevant governmental institutions to jointly wddk

RE by promoting transparency and collaboration as
well as minimizinginstitutional fragmentation.
Increase absorptive capacities and R&®echerche
and Development) in RE deploymentesearch and
developmentare an important componerdf long-
term mastery of technologiethe development of
know-how and the improvement oénewableenergy
performance.The development of sustainable RE
programsin Morocco require a critical mass of R&D
and combining between the major operators (utilities,

industries) and research centeFor increasing the 6.2.
The analysis of time series presents a body of techniques to

development of renewable energy cteg, four

¥ The annualcycle The annual peak of the year
2016 was recorded on July 20.

¥ Weekly cycle Stable consumptiomn all days
and significantly decreasing at the weekend.

¥ The daily cycleis characterized by three types
the full time starting at 7h, peak hour (at 12
oOclock), an evening peak (around 8 pm), and
off-peak hour corresponding to theuns of sleep
with @ minimum consumption (from 23h to 6h).

Components of time series

principal dedicated state agencies have been create@mpletely understand a data set. We can deceenjioe

[28] [19):
The Institute for Research into Solar and New
Energies(IRESEN)[31] was established in 2011 to
support the national strategy and translate it into
R&D projects and cooperates with international
partners from France, Germany, and Spain

The Moroccan Agency for Solar Energy (MASEN)
[32]: It has three main responsibilities: a)
Developing solar and other RE power projects, b)
Contributing to the development of ratal
expertise, and c) Proposing regional and national
plans on solar and other RE technologies.

The National Agency for Renewable Energies and
Energy Efficiency (ADEREE) [33], develops
national, regional, and sectoral plans with regard to
REs and energgfficiency.

The statfunded Energy Investment Company (SIE)
[34]: According to its own mission statement, the
company facilitates and develops projects in the
energy sector with the support of partner investors,
developers, and private industry.
The decetralized production

time series into 4 parts

¥ The trend is the increment a reduction in the
series over a long period of time. Also known
as the longerm trend.

¥ The cyclical fluctuation is the undulating up
and down variations about the trend that is
attributable to business or markeinditions.

¥ The seasonality in a timgeries is the variation
that happens each month, each vyear, etc.
Seasonal variations tend to be reproduced from
year to year.

¥ The residual effect is what leftovers having,
removed the Trend, Cyclical and Seasonal
elements of a time series. It represents th
random error effect of a time series, created by
events as widespread as wars, hurricanes,
strikes and randomness of human actions.

The time series models are an equation specifying how
the components articulate with each other to form the time
injection has a series There are two classic models for time series

significant impact on the medium voltage grid forecasting decomposition baseah trend as well as

operation. This affects first the distribution grid seasonalityThe additive model and multiplicative models.

manager, as he is responsible for managing a

reasonable level of reliability, quality, and safety.6.2.1. The additive model

The grid manager has aincreased need for The additive model is an implicitly assumed of the different

observability via power grid tools (smart grid). components affected on the time series additively. We
consider that the seasonal effect, trend, cyclical, and residual
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are independent. Graphically, the amplitude of the variations
is constant arund the trend.
We have converted the obtained values into hourly

gL IMES&H™M((M)* ! NMHS%! ! N"HS%HES powers, bearing in mind type of day, hourly and seasonal
PN SOe& (T i 11 variations and we plotted the power monotone for 2030 in
Morocco as shown iRigure 6.
6.2.2. Multiplicative models 14000

For the Multiplicative models, the different components 2o
depending on the trend. Graphically, the amplitude of the g 1
seasonal variations fluctuates wahtendency is increasing
and we consider thati# written in the following way

8000

6000

Consumption in

4000

g
L OIMHS%&H™((")* | IHS%! | I"HS%HRS ,
III"#$%&' TR T R e v nneen e v 11 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

2000

The time series nteod is performed in four steps Fig. 6. Monotonic of the load for the year 2030.

The peak will exceed 12300MW in 2030 and the- off
peak will be 4912MW. This is indeefustified by the
economic and industrial increase that Morocco will
experience through these years, as well as the change in the
way of life of Moroccans. With the monotonic of the load

" o curve, we can estimate the maximum capacity of renewable
Before the decomposition of the series, it is necessargInergy to bénjected into the grid

the presentation graphically of the phenomenon for
description and to choose the model of the series. Based on
the erergy consumption data of Morocco from 2008 to 2016
we have plotted the curve showing the evolutionthue
consumptionduring this period (see Figure).5We found
that the amplitude of energy consumption increasing, for thi
reason, the multiplicative modesing in this forecasting.

4000

Determine the seasonal multipliers.
Seasonally adjusting of thdata.
Determining the tendency equation.
Calculate forecasts for future periods.

K K K K

7. Available capacity of renewable energy in 2030

The available capacity of renewable energy is the maximum
ffapacity of the wind and solar energy that can be injected
into the grid without creatinthe constraints of transit on the

lines and the electrical system in general. The production of

3500 energy in Morocco is mixing between the renewable energy

g and the thermal power production. At each instant t, the
G 2500 electricity demand must be greater than or equahé sum
% 200 of the productiorsources:
g 1500
‘f;" 1000 ' (I)
& Pl
500 Pl ()N i e n e !

0
1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101106111

D: demand at instant t.
Pre: Renewable energy production.
Prin7: Minimum thermal power.

Table 4 shows the results obtained for forecasting of . . h . bl o
electricity demand by 2030 in Morocco. The study of the ' OF mcreasu;g t ehcaﬁacmyflrenzwa. € enerr]gy, It is
annual electric consumption or demand uses a graph calldfcessary to reduce the thermal production to the minimum

the load monotone or powenonotone, whichgives the POSsible value.

Months

Fig. 5. The evolution of demand between 2008 and 2016.

position of each power with 8784 hours of the year. 7.1 Wind power capacity without PESs
The wind power capacity is the difference between the
Table 4.The forecast of demand for the year 2030. minimum consumptigq peak af‘d the sum of t'he minimum
Month of year 2030 Energy forecast GWh thermal powerthis minimum point c;oqumg with Fhe off
January 4706 309498 peak hours whgnl the wind generation is at a maximum. The
February 4318’294367 sum of t.he minimum ther'mal powers which cannot be
March 4713’309986 stopped |s.224(MW, constituted by five sourceslrada,
April 4661:814878 Jadida, Safi, JLEC, and Mohammedia.
May 4946,962709 e (D)1
June 5058,241472 ;!l"; ) -|
Aﬂglgst giﬁ’ggéigg |1 .I; ”...'.# DU AOEAN DOOLARRNE DOLARNEMMMIOLAARND 00 0L a0 1
September 4972,951514 ) ) ) ) )
October 4973,540362 According to equation 4, the available capacity of wind
November 4612,082422 power is 2672 MW without using the PESs as shown in
December 4775,000596 Figure 7.
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Fig. 7. Solar and wind capacity. Fig. 9. Monotonic of the load with PES effect.

7.2. Wind power capacity with PESs effect 73 Solar power capacity
Pumped energy storageS6] are widely used to storé pe goiar production is maximum at around noon. Available
electrical energy, and use for help to avoid energy wastg, ity of solar energy is estimated by the equation 5.
during offpeak hours (night, weekend) and dompensate
for the intermittent power generation in the wind and solar,
The principle of PES is pumping to store energy and turbing '} .--#- 01 s e (D)
to generate electricity. . L1 gy (1) I, SOOI |

The PESs has an important influence on the load = "#%!"#
monotone curve and increase the capacity of wiodep, . . . .
when the electricity demand is low (off peak between 23h t@‘ccord'ng to _equation 5, trI:e avglla?le capamti/]' of s?lar
07h), the excess energy available is used to pump water a g‘é"riras'z d Z\I,\:Igi?he’ thI\gVIIIEgSs esff:gIlrtIo '27 1'39&33\/ (ze et II:?gLI/rZ ul%)
:E:E ?JtegI?nIIeCs? ijanF:I%T]ésfgsg?eusrethseIiIr)]é:gs, ZcEciJSmI?IIat e ipterconnection with other countries strengthens the
previously. capamty of solar energy. Indeedhe sgrplus. of solar .

6000 production can be absorbed by the neighboring countries
since this overproduction coincides relatively with their
peaks in demand of Spain [8] and Portugal. The capacity of
interconnection with Spain and Portuggbbout 2000 MW.
Thes interconnectionscan be increasing the available
capacity of solar energy to 4713MW, almost the target value
to achieve in 2030 (4560 MW).

5000

Consumption in MW
w S
8 8
8 8

8
8

14000

1
8

12000
Pumping Turbines
[ > 10000
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours

8000
Solar capacity
o e e —— === o

Fig. 8. PES operation time.

Consumption in MW

4000

At present Morocco, has only one PES, and starts th
detailed studies for others PESs, with a total power of 141
MW (see Table 5) for adapted to the intermittency of
renewable energy and increasing ttapacity [2].

Fig. 10. Available capacity with PESs effect.
Table 5. Total PESs capacity forecast for 2030 [2].

Park Capacity in MW 8. Conclusion
Afourer 464
| Fahsa 350 Morocco has an exceptionpbtential in RE, particularly in
Abd Elmoumen 300 solar and wind energy. Morocco is well positioned to reach
IVI_?Q?LI'IO fflOS the 52% target in terms of installed electricity capacity from
ota

renewable sources in 2030, including 4560MW of solar
energy, 4200 MW of wind power and 1330 MW of
) i . hydroelectric power. The results of the forecast show that
Figure 9 presents the monotonic of power with PESghe energy consumption is growing continuously between
effect, the minimum load peak (wind poweapacity) 2016 to 2030. This forecast allowed us to estimate the
increased by 1415 MWvhich corresponds to the pumping ayajlable capacity of wind energy which is 4087 MW and

power of the PESs and the solar capacity decreased. Th& available capacity of solar ege which is 4713MW
available capacity of wind energy that can be injectéd in owards 2030.

the electrical network of Morocco in 2030 increase to 4087

MW, almost the target value to achieve in 2030 (4200 MW).

PESs are to play an important role to increase the massiv@is is an Open Access article distributed under the terms of the
integration of wind energy (see Figure 10). Creative Commons Attribution Licence
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