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a b s t r a c t

In addition to their harmful impact on the environment, air-conditioning applications account for a
significant percentage of total energy utilization; thinking about clean resources becomes a world
priority. Solar cooling systems using either adsorption or absorption technologies show a great potential
since they can use a permanent energy and operate with environmentally safe working pairs. This paper
investigates the potential of solar air-conditioning systems in Morocco (enjoying different climates)
through a comparative study between conventional and solar closed cycle processes based on economic
and environmental indicators. Accordingly, annual simulations in 6 climatic zones were performed to
estimate cooling loads for a typical Modern Moroccan House. The major finding of this work is that solar
air-conditioning systems in hot climates must be an attractive alternative to mitigate CO2 emissions and
increase energy savings. However, the high installation cost is a main obstacle facing their implementa-
tion.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

In the recently published international energy projections, the
world net electricity generation is expected to increase by 84%, from
19.1 trillion kilowatt hours in 2008 to 25.5 trillion kilowatt hours in
2020 and 35.2 trillion kilowatt hours in 2035 [1], keeping in mind
that about one-third of the world’s population still does not have
access to electricity, and that underdeveloped and developing cou-
ntries almost totally use fossil fuels as the major source of energy [2].
On the other hand, environmental issues resulting from climate cha-
nge and global warming are becoming progressively more dangerous
with a catastrophic impact affecting global ecosystems and human
life [3]. Consequently, great efforts have been paid by many nations
in order to increase their energy independence and to reduce their
carbon dioxide emissions [4,5].

Morocco, despite its strategic position, is the largest energy imp-
orter in the region. Presently, around 96% of the Moroccan energy
needs are sourced externally. Petroleum represents nearly 61% of the
overall national energy consumption. The actual status together with
the rapid growing of energy consumption has prompted the Mor-
occan policy makers to the implementation of the National Energy
Strategy with Renewable Energy and Energy Efficiency Plan in 2008.
Throughout its ambitious strategy, Morocco aims to promote renew-
able energy in order to achieve the fixed target: insuring 42% of the
total electricity generation by 2020 from renewable alternatives.

Accordingly, a new project called “Moroccan Solar Plan (MSP)”
was suggested in order to take advantage of the enormous Moroccan
solar capabilities and fulfill its energy requirements. In fact, like
almost of the North African countries, Morocco enjoys a huge solar
potential with more than 3000 h per year of sunshine and an average
daily radiation exceeding 5 kW h/m2 [6].

Actually, the building sector accounts for 35% of energy consump-
tion in Morocco, with an average increase of 41% during 8 years [7].
The summer peak demand of electricity due to the large use of vapor
air-conditioning systems may cause major problems in the country’s
energy supply. Moreover, these systems have many impacts on the
stratospheric ozone depletion and participate in the global warming.

This is relevant in view of the fact that they use chlorofluorocarbons
(CFC) and hydrofluorocarbon (HCFC) refrigerants.

The opportunity of using solar air-conditioning systems appears
an attractive option in order to cope with high energy requirements
during summer, since the availability of solar energy coincides most
the time with the cooling needs. On the other hand, significant
environmental benefits may be achieved thanks to the refrigerants
with zero ozone depletion impact that can be used as working media
in solar cooling systems.

It is well-known that solar radiation can be converted into ele-
ctricity or heat. These two types of energy can be utilized to drive the
refrigeration cycle [8,9]. Currently, solar cooling systems using sorp-
tion phenomena like absorption and adsorption cycles are the subject
of numerous studies and are commercialized at different sizes [10]. In
this paper, we will assess the economic feasibility and evaluate the
energy and environmental benefits of using solar thermal air-con-
ditioning technologies in Moroccan cities. This study can serve as a
model for North African countries enjoying similar huge solar energy
potential.

2. Background

2.1. Energy considerations in Morocco

Morocco is located in the north-west of the African continent
between latitudes 211 and 361 and longitudes 21 and 181, bordered
by the Mediterranean Sea in the north, Mauritania in the south,
Algeria in the east, and the Atlantic Ocean in the west. Morocco
covers an area of 710 850 km2. The total length of the Moroccan
coast is 3500 km. According to recent projections of the Moroccan
High Commission for Planning (HCP), based on previous years, the
Moroccan population is estimated to be 32.95 million in 2013,
equivalent to 46 inhabitants per km2.

Morocco’s climate varies greatly depending on the region; it is
Mediterranean in the North West, subtropical in the south. In the

Fig. 1. Moroccan energy consumption. Fig. 2. Moroccan energy bill.
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