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Preface
*This document uses the European numeric format. Therefore, a comma is used as a decimal separator
and a full stop is used to separate thousands, i.e. five point two is written ‘5,2’ and one thousand three
hundred is written ‘1.300’.
The aim of the Strategic Guidelines for Menorca (DEM [for explanations of Spanish/Catalan acronyms
see glossary at end of document]) is to foster the culture necessary for Menorca to transition towards a
sustainable model of living. This process fits into the goals of the UNESCO MaB (Man and the Biosphere)
programme, under which Menorca has been categorised as a Biosphere Reserve, entailing a commitment
to become an example of sustainability reproducible on a global scale.
Within this framework, the DEM-energy guidelines aim to provide society with the knowledge required
for discussion and decision-making regarding the energy sector and its applications. This document, called
Menorca’s first energy transition, is an analysis of the island’s current energy system. It will serve as the
basis for setting out a vision of how we would like Menorca’s energy future to look, a future we define as
Menorca’s second energy transition. The data and discussion presented here are intended to shed light
upon the most relevant aspects of the island’s current energy situation, within a regional and global context.
Some important aspects of the island’s energy system do not fall within the framework of the current study,
such as food and the energy received by Menorca in the form of raw materials and imported goods, but
these should nevertheless be taken into account going forward.
The DEM-energy process aims at driving the transition towards a new energy model compatible with
Menorca’s environmental commitments as a Biosphere Reserve. This transition consists essentially in replacing non-renewable, concentrated and high-density energy sources with renewable, low-density, intermittent and distributed energy flows. It means setting out a path that will allow us to reconcile human
activity, both in the short and long-term, with the preservation of the environment and ecosystems.
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1. Introduction
1.1. Energy
Human societies rely on many different forms of energy for the provision of goods and services. Energy is
a fundamental prerequisite for any activity, from forms as essential to our survival as food, to that used to
propel rockets into outer space. We obtain energy from energy sources, which are generally classified as
either renewable or non-renewable.
Renewable sources are those which replenish themselves within a human timescale. Oil, for example,
takes millions of years to form from the geological transformation of organic material, so while it can be said
to renew itself, it does not do so at a useful rate. It is important to clarify that a renewable energy source only
remains such if we use it at a lower rate than that at which it is replenished. For example, the wood from a
forest may be considered a renewable energy source as long as we only extract as much wood as grows
each year. If we start to harvest more than is replenished annually, however, we will eventually destroy the
entire forest, and in practical terms it will have become a non-renewable resource. Renewable sources of
energy are found in the biosphere in various forms: solar energy, which can be used as a source of heat or
to generate electricity; hydraulic energy, which involves harnessing the movement of water courses; wind
energy, the harnessing of the movement of the air in the form of wind; geothermal, the energy stored in the
Earth; and finally, tidal energy, the harnessing of the energy in waves and the tide.
The principal non-renewable energy sources are the fossil fuels oil, coal and natural gas. The other
non-renewable energy source is uranium, the fuel used in nuclear fission power stations. These forms of
energy are harnessed by means of the release of heat through combustion, which can be used directly (as
with a gas stove), to generate movement (as with a car), or to generate electricity (as with Menorca’s Maó
thermal power station).
As we can see, humans make use of a wide range of energy sources.
Energy satisfies the basic laws of physics known as the laws of thermodynamics. The first law of
thermodynamics, or the law of conservation of energy, which is the most well known, states that energy is
neither created nor destroyed, only transformed. The second law of thermodynamics, or the law of entropy,
which is less well known but equally fundamental, states that in all processes involving energy, the quality
of that energy is irreversibly reduced. Therefore, energy does not disappear, but it is ‘degraded’, converted
from more concentrated and useful forms into forms which are more diffuse and harder to use. For example, only 20% of the chemical energy from the petrol in a car’s tank is used to turn the wheels, while 80% is
lost to the surrounding environment in the form of heat. In this process, 80% of the high-quality energy from
the petrol has been transformed into heat dissipated in the surrounding environment, a form from which it
is more or less impossible for us to extract any benefit.
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Whatever the original energy source (known as the primary energy source), it must be transformed/
refined in some way for its final use, into what are known as energy vectors. Some of the most common
energy vectors are petrol, diesel, butane and electricity. We often use the term electricity as a synonym for
energy, but electricity is not an energy source. Electricity is a form of transformed energy, obtained through
processes such as the burning of fuel (in the Maó thermal power station, for example), or generated from
renewable resources, such as in photovoltaic power stations and wind farms.

1.2. The first energy transition in Menorca
The DEM-energy guidelines analysis is titled Menorca’s first energy transition. It is so called because it
analyses the outcome of the transition from a society based on the exploitation of renewable energy flows
within the territory of the island itself (sun, wind, biomass and animal power) to one based on the mass use
of non-renewable fossil fuels imported from overseas. This first transition took place from the end of the 19th
century up to 1960, when the Maó thermal power station opened. The outcome of Menorca’s first energy
transition is the current energy system. It is totally dependent on petroleum products imported from outside
of the island, strongly centralised, highly inefficient and has a negative environmental impact, much of which
is felt beyond the island itself. The principal consequences are capital drain, damage to human health and
ecosystems, and the exacerbation of climate change, as well as the island’s precarious position in relation
to the progressive scarcity of fossil fuels.

1.3. About the DEM-energy analysis
This study was produced using data from energy sector companies, government bodies and other official
sources, as well as scientific research and documents. The information provided by the Observatori Socioambiental de Menorca (OBSAM - Menorca Socioenvironmental Observatory) was particularly important, as
without it the study could not have been carried out with such a broad scope. Details of the sources used
and the methodology applied can be found in documents available via the Institut Menorquí d’Estudis (IME
- Menorcan Institute of Studies) website and in the bibliography. The analyses presented in this study primarily use two timeframes: the decade and the year. The year chosen was 2013, as this is the most recent
year for which reliable data was available in all areas.

1.4. Acknowledgements
The DEM-energy analysis has relied upon invaluable input and collaboration from reputed scientists and
experts, particularly Joan Groizard of the Regional Government of the Balearic Islands (GOIB), David Carreras of OBSAM, Rafa Muñoz of the Consorcio de Residuos Urbanos y Energía de Menorca (Menorca
Consortium of Urban Waste and Energy), Eduard Furró of the Collective for a New Sustainable Social and
Energy Model (CMES), Alfonso Sanz (Gea 21) and Margarita Mediavilla (University of Valladolid), who have
been an indispensable source of cooperation, information and follow-up throughout the process. Javier
García (N2E), Sònia Estradé (OBSAM), Carles Riba (CMES) and José Domingo (LIFE+BOSCOS) have also
participated in the study, providing expert information and opinion. Data used in this study was also provided by the Roadshow team from the European Union’s City-Zen programme, led by Craig Martin (TU Delft)
and Greg Keeffe (QU Belfast).
Thanks are also due to all the staff at the IME, OBSAM and Dirección General de Energía y Cambio
Climático (General Energy and Climate Change Office) of the GOIB, whose technical and administrative
support were fundamental to drawing up the DEM-energy guidelines.
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2. Island context
2.1. The island
Menorca is in the central zone of the western half of the Mediterranean, and it is the most westerly and
northerly island of the Balearic archipelago (40° latitude north and 4° longitude east). It is the second biggest island in the archipelago and together with the larger island of Mallorca it forms the sub-archipelago
the Gymnesians. Ibiza and Formentera make up the rest of the Balearic Islands, forming the sub-archipelago the Pityuses. Menorca’s 702 km2 represent almost 14% of the Balearic Islands’ land area, and its 216
km of coastline are 23% of the Balearic Islands’ total. It is 36 km from Mallorca, its closest neighbour; 195
km from the Iberian Peninsula, to the northwest; 322 km from the coast of north Africa; and 337 km from
Sardinia, to the east.
The island is broadly rectangular in shape and tilted slightly towards the south at its easternmost end.
It has a maximum length of 48,4 km and a width of 23,2 km. The point furthest from the sea is no more
than 7,7 km inland. Menorca is a largely flat island with around 79% of its surface less than 100 m above
sea level; around 20% between 100 m and 200 m above sea level; and a little over 0.6% more than 200 m
above sea level. However, despite a relative lack of topographical features, it has a very varied landscape,
changing every few kilometres. The island’s highest points are El Toro (360,1 m), S’Enclusa (272,2 m) and
Santa Àgueda (260,3 m).

1 Figure 2.1. Map of Menorca in the middle of the Western Mediterranean Basin.
Source: Prepared by the authors using Wikimedia Commons map.

10

DEM – ENERGY

|

A N A LY S I S : M E N O R C A’ S F I R S T E N E R G Y T R A N S I T I O N

2.2. Climate
Menorca has a temperate climate, markedly seasonal in terms of precipitation and humidity, and more
moderate with regard to temperature. It is a predominantly Mediterranean climate, with a mild winter and a
hot, dry summer. Menorca’s Mediterranean climate corresponds to the Cs subtype (dry-summer) according
to the Köppen climate classification system.
Menorca’s climate is determined by its geographical location, at middle-low latitudes, and the fact that
it is surrounded by the waters of the Western Mediterranean. The island’s average annual temperature is
17 °C, with an average annual high of almost 21 °C and an average annual low of approximately 14 °C.
Seasonal differences are appreciable, but temperatures rarely exceed 35 °C in summer or fall below 0 °C
in winter. Given the island’s maritime character, average relative humidity remains high throughout the year,
with an annual average of around 70%.
Total annual rainfall is between 500 mm and 600 mm, spread unevenly over the course of the year.
Rainfall is concentrated primarily in autumn, with the summer period lasting 3 to 5 months.

1 Figure 2.2. Diagram showing average rainfall in Menorca from 1995-2015.
Source: Prepared by the authors from OBSAM data.

More than a third of the island’s winds come from N-NE, and more than a quarter from SW-W. However, still periods, which make up 24% of the year, are more frequent than winds. The average annual wind
speed is between 14-15 km/h, according to records from the meteorological station at Menorca airport.
Daily maximum wind speed reaches 55 km/h 90 days per year, while 9 days per year it reaches 91 km/h.

2.3. Population
The legal (registered) population of Menorca has been fairly stable since 2008, at over 90.000 inhabitants
(91.601 according to the 2016 Census). On the other hand, the de facto population (the average annual
legal population combined with the floating population), is around 111.000 inhabitants, 1,4 times the legal
population. Population density is therefore 131 per km2 for the legal population and 190 per km2 for the de
facto population.
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The effect of tourism means that the island has a very seasonal population, which is clearly reflected
in figures for daily human pressure, or the average number of people on the island per day (see figure 2.3
below). The peak population in August is almost double that of the winter months.

1 Figure 2.3. Daily human pressure in Menorca 1996-2015. Source: Prepared by the authors from OBSAM data.

This seasonal pattern has a direct influence on energy demand, since it represents an additional challenge in terms of the scale and management of energy infrastructure. The island’s infrastructure must have
enough capacity to handle the high summer demand, even though this capacity will then remain partially
idle for the rest of the year.

2.4. Economy
Until the 1970s, the Menorcan economy was distributed relatively evenly between two sectors: agriculture
(milk and cheese production) and manufacturing (mostly jewellery and footwear manufacturing). From the
1980s, tourism began to play a major role on the island, as its economic model converged with those of
the other Balearic Islands. Tourism now makes up almost 80% of Menorca’s economy. This sector is highly
seasonal, subject to demand for sun, sea and sand, with a massive influx of visitors in the summer months.
Despite its low economic weight (2,6% of the active population), agricultural activity accounts for 40% of
the island’s territory, and thus plays a key role in the preservation of its landscapes and biodiversity.
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3. Menorca’s energy system
Here we will briefly outline the various sources of energy used in Menorca, how they are used, and the
principal associated infrastructure. At the end of the chapter there is an infographic representing the island’s
energy system, showing the energy loss and approximate CO2 emissions for each energy source.

3.1. Sources of energy in Menorca and their uses
The energy generation process involves of a number of stages, from the capture/extraction of the resource
to its final use. Various modifications and energy transformations take place at each stage, all of which
involve energy loss. We will now describe the main sources of energy used in Menorca.
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3.1.1. Oil
Crude oil (oil extracted from beneath the Earth’s surface) is a non-renewable fossil fuel consisting of a
mixture of hydrocarbons. It is a product of the sedimentation of organic matter and its progressive transformation due to the effects of temperature and pressure under certain conditions, a process which takes
millions of years. Once it has been extracted, it must be distilled and refined in order to obtain fuel products.
Virtually all the energy products derived from oil are used in Menorca: petrol is used as a fuel for land
and maritime transport as well as for machinery; diesel is used for all of the above as well as for heating and
electricity generation at the thermal power station; kerosene is used as aeroplane fuel; and fuel oil is used
in container ships and for electricity generation at the thermal power station. These products are generally
transported to Menorca by sea.

3.1.2. Natural gas
Natural gas is another non-renewable fossil fuel. It is usually found alongside crude oil in geological deposits, as they are both formed by the same process. The gas has to be purified to attain a product of usable
quality.
Natural gas is brought to Menorca by boat and used by some agri-food industries as a source of heat
for their production processes. During transport it is stored in liquid form at very low temperatures. It is then
converted back into gas to be used.

3.1.3. Liquefied petroleum gas
Liquefied petroleum gas or LPG is essentially a mixture of propane and butane, obtained during the extraction of natural gas and subsurface oil, as well as during the oil refining process. It is cooled or pressurised
to form a liquid for the purposes of storage and transport.
LPG is transported to Menorca by boat in cylinders and tanks of various sizes. It is primarily used to
obtain direct heat, either for central heating, water heating or cooking.

3.1.4. Biomass
Biomass is any organic material (wood, agricultural waste, livestock waste, crops, etc.) which can be prepared for use as a fuel or food. It is a renewable energy source as long as it is not consumed at a faster rate
than it is able to regenerate.
Besides food, biomass is principally used in Menorca as a source of heat, mostly in the form of logs,
but also charcoal, pellets (compacted sawdust), wood chips or briquettes (cylinders or blocks of compacted organic material). Liquid fuels derived from plants and vegetable oils (biofuels) are also used, mixed with
motor fuels (petrol and diesel). Some of the biomass consumed in Menorca is locally produced, while the
rest is transported to the island by boat.

3.1.5. Wind
Wind power is a renewable energy source. Wind is an effect of the uneven heating of the Earth’s surface by
the Sun, which leads to differences in air pressure.
As well as its importance for sailing, it is also harnessed on the island by wind turbines, which convert
the rotating motion of the blades into electricity.
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3.1.6. Solar energy
Solar energy comes from the radiation produced by the Sun’s nuclear fusion processes. It is the only external energy source harnessed on our planet. The Sun is a renewable energy source which is harnessed
by plants through photosynthesis, the basis of the food chain of almost all forms of life on Earth. Thus,
biomass and fossil fuels are both ultimately derived from solar energy. As noted above, wind energy is also
a product of the Sun’s radiation.

1 Figure 3.1. Map of Menorca’s energy system and principal energy infrastructure.
Source: Prepared by the authors based on IDE Menorca and Spanish Electricity Network map.

In Menorca, this energy source is harnessed in a number of ways. On the one hand, so-called ‘passive’
systems harness solar radiation directly as a source of heat and light. On the other, there are two types of
‘active’ system, which use panels to harness solar energy. Solar thermal technology uses tubular or flat
panels to heat water, while photovoltaic systems convert solar radiation into electricity.
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3.2. Electricity system
Menorca’s electricity system consists essentially its power stations (primarily the Maó thermal power station, but also the wind farm and two photovoltaic power stations), the submarine power cable connecting
the island to Mallorca, and the power transport and distribution network.
Electricity is what we call an ‘energy vector’, rather than an energy source, as it is used to transport
energy and convert it into the forms in which it is used. It is generated from the various energy sources and
then transported via the medium and high-voltage networks to substations, where the voltage is reduced
to a level suitable for use. In Spain, these medium and high-voltage networks belong to the Spanish Electricity Network, which is also the operator of the Spanish electricity system. It is therefore responsible for
ensuring that the output of the country’s power stations always meets consumer electricity demand and
establishing detailed energy demand projections, according to which it instructs power stations to increase
or decrease power generation. This is the key challenge with regard to electricity: it is very difficult to store
in large quantities, and so must be used as soon as it is generated.

3.2.1. Thermal power station
Menorca’s main power station is the Maó thermal power station, owned by energy company GESA who are
part of the Endesa S. A. group. It uses fuel which arrives by sea to generate power that is then distributed
via the electricity network. It has an installed capacity of 271,6 MW provided by two types of generator:
diesel generators and gas turbines. In order to feed these generators, the station has large fuel tanks and
all the equipment needed to condition and transport the fuel. The technical specifications of the generators
are as follows:
• 3 Man-Burmeister & Wain diesel engines. These are slow (125 rpm), 2-stroke, 10-cylinder engines, typically used in large ships. These generators provide the station’s power base, so they are high priority.
• Fuel: fuel oil
• Maximum power for each generator: 15,8 MW
• Total power of diesel generators: 3 x 15,8 = 47,4 MW
• 2 General Electric Brayton cycle industrial gas turbines.
• Fuel: diesel
• Maximum power for each generator: 37,5 MW and 38,5 MW
• Total power of gas turbines: 76 MW
• 3 Pratt & Whitney Brayton cycle aeroderivative double gas turbines. Unlike industrial turbines, which
are designed specifically for power generation, aeroderivative generators are adapted from turbojets to
produce electricity (by connecting them to a turbine which is driven by the air expelled by the turbojet).
They are called double turbines because the generator contains an alternator driven by two turbines.
• Fuel: diesel
• Maximum power for each generator: 45 MW, 51,6 MW and 51,6 MW
• Total power of aeroderivative gas turbines: 148,2 MW
Every generator is attached to an alternator which converts the rotation of the shaft into electricity. This
electricity then passes through a transformer which converts it into the appropriate form to enter the electricity network.

3.2.2. Wind farm
The Milà wind farm, which is currently the only one in the Balearic Islands (as of 2017), began operating on
3 March 2004, and has been run by the Menorca Energy and Waste Consortium since 2005. Its installed
power is 3,20 MW and it consists of four 800 kW wind turbines (model MADE AE-59). Their towers measure 50 metres and their blade diameter is 59 metres, giving them a total height of 79,5 metres. The wind
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turbines need a minimum wind speed of 11,16 km/h to function and their maximum power is reached at
a wind speed of 36,30 km/h. At higher speeds a protection system prevents them from exceeding their
maximum power rating. If wind speed reaches 90 km/h the protection mechanism stops the turbines. The
expected average production is 7.040 MWh/year, about 1,5% of Menorca’s annual electricity supply.

3.2.3. Photovoltaic power stations
Menorca’s two photovoltaic power stations began operating in 2008 and are located in Salomó (Ciutadella)
and Binisafúller (Sant Lluís).
The Son Salomó power station was initially built with 3,2 MWp, which was expanded to 4 MWp in
2009, with an inverter power output of 3 MW. It occupies 14,3 ha.
The Binisafúller power station has an installed power of 1,1 MWp and an inverter power output of 1
MW. It has 9.540 solar panels which occupy approximately 2,5 ha in total.

3.2.4. Power cable connecting Menorca to Mallorca
Since 1975, Menorca’s electrical system has been connected to Mallorca via a submarine power
cable with a capacity of 100 MW. However, due to the need for security of supply, as well as for technical
reasons, the cable only operates at a maximum capacity of 35 MW. It runs for 41 km under the sea and
has an alternating current of 132 kV. This connection is usually used to send electricity from Mallorca to
Menorca, although the direction of flow is occasionally reversed. It also provides an indirect connection to
the Peninsula, which is linked to Mallorca via another submarine power cable. The cable has been out of
service since 2017 after suffering irreparable damage.

3.2.5. The electricity network
The Menorca electricity network is organised around three substations distributed along the length of the
island. They are located outside of Maó (Dragonera), in Es Mercadal and in Ciutadellla, and are connected
to form a ring. Additionally, there is the substation at the Maó power station itself, and another in Cala en
Bosc, which serves the submarine power cable. At these substations the voltage of the electricity in the grid
is reduced from high (132 kV) to medium (15 kV), before being reduced again by distribution transformers
from medium to low (400 V) in preparation for use.
These transformations are aimed at minimising energy loss in the network, since the higher the voltage
the less energy is lost. Electricity is thus transported over long distances at high voltages, with the voltage
then reduced for distribution to the point of use.

18

DEM – ENERGY

|

A N A LY S I S : M E N O R C A’ S F I R S T E N E R G Y T R A N S I T I O N

1 Figure 3.2. Different components of the electricity system. Top left: Maó thermal power station. Top right: Es Mercadal
substation. Bottom left: Milà wind farm. Bottom right: Son Salamó photovoltaic power station. Source: Prepared by the authors.

3.3. Fuel supply infrastructure
3.3.1. Petroleum-derived liquid fuels
Petroleum-derived liquid fuels reach the island by sea at the port of Maó, from where they are transported
to storage, processing and distribution sites, and then usually by lorry to the places where they are to be
used. Those destined for electricity generation are stored in the thermal power station, while the rest is sent
via an oil pipeline from Maó to tanks belonging to the Hydrocarbon Logistics Company (CLH), located along
the road to the airport. The airport has an its own fuel tank for aviation fuel.
The rest of the liquid fuel distribution infrastructure is made up of 25 petrol stations (as of January 2017)
and small petrol storage and distribution sites.

3.3.2. Liquefied petroleum gas
Propane and butane, known as liquified petroleum gas (LPG), are transported to Menorca by sea from
Barcelona in cylinders or tankers, arriving at the port of Maó. Butane and propane cylinders are stored and
processed from the facilities located between kilometres 3 and 4 of the island’s main motorway and also
on the Ciutadella North Bypass. From these facilities the cylinders are distributed directly to customers.
LPG that arrives in tankers (only propane) is stored in a substation at Phase 4 of the POIMA (Maó Industrial
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Estate), from where it is transported, once again by tanker, to small urban gas networks or large private
consumers. The entire LPG supply network is managed by Repsol S. A.

3.3.3. Natural gas
Two agrifood businesses currently have their own private natural gas supplies. The gas is supplied in liquified form by lorries that arrive by boat at Maó. The liquefied natural gas is stored in tanks at the agrifood
factories themselves, which also have their own regasification facilities.

3.3.4. Biomass
In terms of biomass, there is currently some wood harvesting for domestic use at the local level. There is
also one charcoal burner on the island who produces a small amount of artisanal charcoal. Biomass products such as pellets, wood chips, briquettes and bags of coal are all imported.

1 Figure 3.4. Components of the fuel supply network. Left: diesel, petrol and kerosene tanks belonging to CLH on the airport road.
Right: LPG cylinders containing butane. Source: CLH Menorca and prepared by the authors.

3.4. Planned infrastructure
Below is a brief description of the principal energy infrastructure currently in the research or planning stages.

3.4.1. Natural gas distribution network
The project, which is currently pending, plans to supply the majority of homes, businesses and other consumers in Menorca with piped natural gas. The gas will arrive at port in liquified natural gas (LNG) carriers,
from where it will be distributed by lorry to three storage and regasification plants built in Ciutadella, Es
Mercadal and Maó. From these plants, the natural gas will be sent by pipeline to the various population
centres. The storage capacity is calculated to be a 14-day supply.
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3.4.2. New submarine power cable connecting Menorca to Mallorca
The installation of a new submarine power cable is planned for the year 2020. It will have the same capacity
as the existing cable (100 MW), which is currently out of service (as of 2017).

3.4.3. Expansion of the Son Salamó photovoltaic power station
A project to expand the photovoltaic power station in Son Salomó, increasing its installed power to 49,8
MWp, is currently in the final planning stage.

3.4.4. Son Angladó wind farm
A project to build a 20,65 MW wind park in the Son Angladó estate, north of Ciutadella, is currently being
considered. The process is still at an early stage, so its approval is not guaranteed.

3.4.5. Photovoltaic power stations
There are currently four dossiers at the General Energy and Climate Change Office of the Regional Government of the Balearic Islands relating to planned photovoltaic power stations, however all of them are
currently on hold for various reasons.

3.4.6. Biomass plant
While there is currently no start date, there is a project in the pipeline to adapt the Ciutadella recycling plant
for the production and storage of processed biomass.
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Energy pathways in Menorca
This infographic shows the different ways energy is harnessed in Menorca, from primary sources
through to end use. For each resource, we show the primary energy that has to be obtained, the
energy products involved and the CO2 emitted in order to obtain 100 MWh of final energy.
The greater the amount of primary energy required,
the more inefficient the energy pathway.
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4. Menorca’s energy balance
Here we will describe and analyse Menorca’s energy balance, i.e. the primary sources from which the island
harnesses its energy, the transformations this energy undergoes at different stages, and how it is eventually
used. We will identify the relative proportions of different energy flows and the energy loss associated with
them.
We will present an in-depth study focused on the year 2013 (due to the availability of data), as well as
an analysis of the evolution of Menorca’s energy balance over the decade 2004-2013.
It should be noted that the analysis centred on the year 2013 and that for the decade 2004-2013
employ differing methodologies, which affect the calculations for air and maritime transport. For the 2013
study, fuel consumption for both air and maritime transport has been calculated according to the amount
of fuel consumed per kilometre/mile over the approximate distance travelled on each journey beginning or
ending in Menorca, assuming that half the fuel used for each journey constitutes Menorcan consumption.
For the 2004-2013 study, however, air transport is calculated based solely on the fuel supplied in Menorca
airport, without taking into account those journeys which may have been made using fuel supplied in other
connecting airports. Similarly, the 2013 analysis does not take into account maritime transport consumption, since maritime fuel is not supplied on the island and it has not been possible to obtain accurate data
regarding maritime journeys, making it impossible to calculate fuel consumption.
In the 2013 analysis it has also not been possible to break down the electricity imported from Mallorca
in proportion to its sources of origin (including that imported via Mallorca from the Iberian Peninsula).

4.1. Energy balance for the year 2013
4.1.1. Energy flows
The detailed analysis shown in the Sankey diagram in figure 4.1. gives a fairly complete picture of the local
situation, showing all energy flows from origin to final use, along with the energy losses which take place
during the different transformation processes. The width of the lines is proportional to the amount of energy
they represent.
The sources of energy used in Menorca are oil (consumed in the form of liquid fuels), natural gas (currently used by some industries in the form of liquefied natural gas), liquefied petroleum gas (obtained from
oil and natural gas), solar energy, wind and biomass. If we take into account the sources of the energy
imported from Mallorca via the submarine power cable, as well as the energy imported via Mallorca from
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the Peninsula, then coal, nuclear energy, hydroelectric energy and municipal solid waste (MSW) can all be
considered energy sources used in Menorca.
The dominant role of oil and petroleum products, as well as hydrocarbons in general, makes the energy system highly dependent on producer countries. Solar energy, wind energy and biomass are the only
energy sources that come from the island itself, and they make up only a marginal share of 0,8% of the
island’s primary energy, while the remaining 99,2% of energy is imported from outside of Menorca. If the
biomass exported to Italy is factored in, the percentage of domestic energy production reaches 3,1%.
This external dependence is exacerbated by the system’s high level of energy loss, which constituted
69,9% of primary energy consumption in 2013. In other words, three times more energy is lost than is used
usefully. This energy loss takes place during the conversion of primary energy sources into energy vectors
(for example, in the process of obtaining petrol and diesel from crude oil), generation, transport and distribution, as well as during its final use.
There are two main sources of inefficiency that affect all petroleum product consumption on the island.
The most significant is the GESA (Gas y Electricidad, S. A.) power station, which accounts for 38% of the
system’s energy loss. This facility consumes 52% of the petroleum-derived liquids imported to Menorca,
supplying 83,3% of the energy consumed on the island, and operating at an efficiency of approximately
35%. The other main source of energy loss is land, air and maritime transport (especially the first of these,
which accounts for as much energy loss as the other two combined). Together, these three modes of
transport are responsible for almost 36% of total energy loss. Loss occurs when engines convert the heat
released during combustion into rotary motion.
Over the entire process, of the more than 2,8 million MWh of primary energy entering the system, approximately 1,9 million MW are lost, with only 827.000 MWh of useful energy obtained. Biomass exports
(63.000 MWh) and the consumption of the thermal power station itself (3.500 MWh) make up the rest of
the 2,8 million MWh of primary energy.
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1 Figure 4.1. Sankey diagram of Menorca’s energy system, 2013. Units: MWh. Source: Prepared by the authors.
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4.1.2. Energy sources
Oil is by far the most dominant of Menorca’s primary energy sources, representing more than an 87% share
of the total (see Fig. 4.2.). Another notable primary energy source in Menorca is coal which, while not used
directly, accounts for close to 5% due to its significant role in the island’s electricity generation. Even taking
into account the energy imported from Mallorca via the submarine power cable (and via Mallorca from the
Peninsula), wind and solar energy make up less than 1% of Menorca’s primary energy. The figure for biomass includes wood chip exports, which make up the largest share. The total primary energy consumed
by the Menorcan energy system in 2013 was 2.822.144 MWh.
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7 Figure 4.2.
Primary energy consumption
in Menorca in 2013 by
source. Source: Prepared by
the authors.
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4.1.3. Final uses
Land transport is responsible for around a third of the island’s final consumption, with the residential and
service sectors each responsible for almost a fifth. The fact that Menorca is an island means that air and
maritime transport also play a significant role, together accounting for almost 30% of final consumption.
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Final energy (the form in which energy is consumed by end users) consists primarily of light petroleum
products (petrol and diesel), which make up more than two thirds, and electricity, which accounts for most
of the remaining third. Liquefied petroleum gas (propane and butane), and to a much lesser extent liquified
natural gas and biomass, account for the remaining final energy.
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7 Figure 4.4.
Final energy consumption
in Menorca in 2013 by
energy vector.
Source: Prepared
by the authors.
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Final energy, however, still undergoes a further transformation when put into concrete use (for example,
to drive a vehicle, generate heat or run an appliance). The energy that performs this function is known as
useful energy. In order to calculate the approximate useful energy used by the energy system, typical efficiency coefficients of 85% for heat-heat processes and 25% for transport were used. Losses associated
with the direct use of electricity tend to be low, so in this case an efficiency of 100% has been assumed for
the sake of simplicity.
Factoring in energy loss during final use, electricity becomes the dominant energy vector, with an
approximate share of 53% of total useful energy. Light petroleum products lose considerable weight when
it comes to final energy consumption due to the considerable amount of energy lost during combustion.
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In Figure 4.6. we can see that of all the primary energy consumed in Menorca in 2013 (left column),
only 57% was ultimately converted into final energy products (middle column), and 30% into useful energy
(right column). The remaining 70% was lost in the various conversion processes which take place between
primary and useful energy.
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1 Figure 4.6. Primary, final and useful energy consumption by source in Menorca, 2013. Source: Prepared by the authors.

4.2. Energy balance for the decade 2004-2013
Over the decade studied, energy consumption initially rose, reaching its peak in 2008, and then fell for the
remainder of the period. In 2013 secondary energy consumption (converted energy products) was at the
same level as in 2004, but final energy consumption was considerably lower (almost 17% lower than in
2004).
There has been a slight variation in the relative role of different energy products over the decade, but
without significantly changing the overall picture, especially in terms of the system’s major dependence on
oil.
Consumption of oil products by the thermal power station has vastly exceeded that by air and land
transport as a result of the facility’s markedly increased diesel consumption (fuel oil consumption has remained relatively stable) and a notable decrease in transport diesel consumption. The relative importance
of electricity imported from Mallorca and primary sector diesel consumption has decreased, the latter
drastically. The use of fuel for heating purposes has not varied significantly, although consumption of liquid
petroleum gas (propane and butane) has gradually decreased, while in 2011 some food industries began
to use liquified natural gas. It is also worth noting the increase in solar energy consumption, which has been
very considerable in relative terms, but remains marginal within the overall energy system. In 2013 there
was a notable increase in biomass production destined for export to Italy.
The drop in final energy consumption (energy consumed by the end user) over the decade has particularly affected petroleum products, while electricity consumption was actually rising until 2008. Since then it
has been decreasing at an almost identical rate (see Fig. 4.7.).
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7 Figure 4.7.
Final energy consumption in
Menorca from 2004-2013.
Source: Prepared by the
authors from OBSAM and
Coinga (Island Livestock
Cooperative) data.
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Average final energy consumption per person per day (calculated using the annual average daily human
pressure, i.e. the annual average number of people on the island) remained above 40 kWh until 2008, then
entered a period of continual decline until in 2013 it stood at only slightly over 30 kWh per person per day.

7 Figure 4.8.
Final energy
consumption per
person per day
(based on the
annual average
daily human
pressure, DHP)
in Menorca from
2004-2013.
Source: Prepared
by the authors
from OBSAM and
Coinga data.

4.3. Summary
•
•
•
•

Only 1% of all energy consumed in Menorca comes from renewable sources, while 99% of the island’s
primary energy is imported, almost all of which is derived from oil.
The thermal power station consumes half of all oil products in Menorca.
Final energy consumption in Menorca can be divided into three almost equal parts: the residential and
service sectors, land transport and, jointly, air and sea transport.
The energy system is highly inefficient: 70% of primary energy is wasted. The thermal power station
and transport in general are primarily responsible for this inefficiency.
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5. Electricity production and consumption
In this section we analyse the generation and consumption of electrical energy in Menorca, first focussing
on the year 2013, and then on the decade 2004-2013.

5.1. Electricity production and consumption in 2013
Menorca’s electricity consumption over the course of the year clearly reflects the seasonal effects of tourism
on the island. Consumption peaks in the period when human pressure is at its highest, and then decreases
more or less in proportion to the change in population. During the months of lower human pressure, the
close relationship between the two variables is interrupted, as human pressure decreases without a corresponding drop in electricity consumption. This leads to a rise in per capita electricity consumption, meaning
the system is less efficient in the winter months.

1 Figure 5.1. Electricity consumption and human pressure in Menorca, 2013.
Source: Prepared by the authors using data from the Spanish Electricity Network and OBSAM.

With regard to the Menorca’s population centres, Ciutadella and Maó jointly account for a share of just
over 60% of annual electricity consumption, split almost equally between the two towns, followed by Alaior
and Sant Lluís, with 11% and 9% respectively.
The service and residential sectors are by far the largest consumers of electricity on the island, with a
47,7% and 45% share respectively. However, given the seasonal nature of the service sector, its electricity
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consumption only exceeds that of the residential sector from May to October. At its summer peak, service
sector consumption is almost 2,7 times higher than in the off season (November to April).

1 Figure 5.2. Monthly electrical energy consumption in by sector, 2013.
Source: Prepared by the authors from Endesa Distribution data.

The graph showing how electricity demand is met (see Fig. 5.3.) highlights the ‘base generation’
role played by fuel oil from the thermal power station, which generates a fairly constant supply of power
throughout the year. On the same graph, you can see how diesel power generation and the power cable
from Mallorca act as regulators, compensating for the variation in demand.

1 Figure 5.3. Coverage of daily electricity demand in 2013. The difference between total demand
and total production corresponds to the electricity exchanged via the Mallorca-Menorca submarine power cable.
Source: Prepared by the authors using data from the Spanish Electricity Network.
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More than 80% of the electricity consumed in 2013 was generated from fuel oil and diesel (mostly
the former) at the Maó thermal power station. Solar and wind energy make up slightly more than 3% of
the island’s electricity consumption. This is half of the amount generated from the coal that arrives via the
cable from Mallorca, and roughly the same amount as comes from Menorca’s other non-renewables, or is
imported from the Peninsula, also via Mallorca (see Fig. 5.4.).
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7 Figure 5.4.
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In 2013, the thermal power station burned 1.146.224 MWh of fossil fuels, producing 403.258 MWh
of electrical energy, with an average efficiency of 35,2%. Its output was added to the electricity generated
from photovoltaic (9.523 MWh) and wind energy (6.035 MWh), and the electricity imported from Mallorca
through the submarine power cable (65.243 MWh), to meet the total demand of 440.601 MWh for the year.
The difference of 43.458 MWh between the demand and the total energy supplied is mainly down to loss
during transport and distribution, along with consumption not recorded on users’ meters.
Wind and photovoltaic electricity generation complement each other fairly well over the seasons. Summer, when solar radiation is at its peak, is usually the time of year with the least wind, which means that
the combination of these two sources of energy guarantees a reasonably stable rate of energy production
throughout the year. In 2013, the electricity output from photovoltaic and wind power generation was 1.867
and 1.898 equivalent hours respectively. ‘Equivalent hours’ are a measure of the number of hours they
would have had to function at full capacity to generate the electricity obtained over the course of the whole
year. It is worth noting that 2013 was atypical in terms of solar power output, since it is usually in the region
of 1.500 equivalent hours in Menorca.
Monthly combined wind and photovoltaic electricity production varied from 450 equivalent hours in
March to 255 in December, with a monthly average of 314 over the year. This is almost half the total hours in
a month (730 on average). Wind power generation is generally very high in November and the early months
of the year, when the island tends to experience strong winds.
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1 Figure 5.5. Monthly wind and photovoltaic electricity production in Menorca (equivalent hours), 2013.
Source: Prepared by the authors using data from the Spanish Electricity Network.

The island’s electricity system has a clear productive overcapacity, in large part due to the need to
comply with security of supply requirements set by the regulator (the Spanish Electricity Network). The
combined installed capacity of the thermal power station and the renewable energy infrastructure is 2,4
times the maximum electricity demand in 2013, as shown in figure 5.5.

1 Figure 5.6. Electricity demand and total installed power, 2013.
Source: Prepared by the authors using data from the Spanish Electricity Network.

Figure 5.6. represents the daily electricity demand in 2013, showing the average, maximum and minimum hourly demand. It does not represent the actual curve for any specific day, but rather 24 maximum,
minimum and average hourly values. This way the demand for each hour is well bounded.
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1 Figure 5.7. Daily demand curves for 2013: hourly maximum, minimum, and average.
Source: Prepared by the authors using data from the Spanish Electricity Network.

The day when the demand curve was closest to the annual average (16 May), the generators using
diesel made a significant contribution to electricity output between 7 h and 23 h, supplementing the power
base provided by the fuel oil generators. The power cable from Mallorca met 10% of the total daily demand,
while renewables contributed a largely symbolic 1,7%.

1 Figure 5.8. Coverage of demand on the most ‘typical’ day in 2013. The chart shows the data for 16/05, when the total daily
demand was 1.320,44 MWh. Source: Prepared by the authors using data from the Spanish Electricity Network.

5.2. Electricity production and consumption in the decade 2004-2013
In the period between 2004 and 2008, electricity production grew steadily, plateauing in 2009 and then
subsequently falling, dropping below the 2006 level again by 2013.
Electricity generation from fuel oil has remained mostly stable throughout the decade studied, while the
principal ‘modulators’ of additional production have been diesel and the power cable from Mallorca, which
has reduced in significance over time.
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1 Figure 5.9. Evolution of electricity production in Menorca by source. The electricity generated from fuel oil was worked out
by applying the efficiency coefficient calculated for 2013 to fuel oil consumption, and the electricity generated from diesel was
calculated from the difference between this value and the power station’s total electricity production.
Source: Prepared by the authors using data from the Spanish Electricity Network and OBSAM.

The power station’s net electricity output has remained above 400 GWh (400.000 MWh) per year since
2007, peaking in 2008 at 434 GWh. Use of the submarine power cable link with Mallorca was in progressive
decline over the period, with the total electricity transported in 2013 only a third of that in 2004.
Following its construction in 2004, the energy supplied by the Milà wind farm has been very constant
over the decade studied, ranging between 4.877 MWh in 2006 and 6.463 in 2012. This is demonstrated by
figure 5.9., showing the evolution of renewable energy production on the island, and in which we can clearly
identify the point at which the two photovoltaic power stations currently in operation were built.

1 Figure 5.10. Renewable energy production in Menorca.
Source: Prepared by the authors from OBSAM data.
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5.3. Summary
• The electricity demand curve reflects the seasonal pattern of Menorca’s economy.
• The thermal power station’s diesel engine generators, which run on fuel oil, satisfy Menorca’s basic
electricity demand, while fluctuations are primarily handled by the gas turbine generators, which run on
diesel.
• Menorca’s renewable energy infrastructure generates around 3% of the island’s electricity demand.
• The combined output of Menorca’s wind and photovoltaic electricity generation is stable throughout the
year, with the two sources complementing one another seasonally. Generally, when there is less solar
radiation there is more wind and vice versa.
• The installed power of the Maó thermal power station (271,6 MW) is more than double the maximum
demand recorded in 2013 (115,67 MW).
• Since they were first built, Menorca’s photovoltaic power station and wind farms have maintained a
constant level of electricity production over the course of the decade studied (2004-2013).
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6. Buildings
In this section we will analyse the energy consumption of Menorca’s buildings, particularly housing. Our
analysis will focus on three aspects: thermal behaviour in relation to design features, heating system efficiency and the energy consumption of household appliances.

6.1. Menorca’s buildings
Prior to the 1970s, the extent of Menorca’s built environment was closely linked to the island’s population
size, since the need for housing and associated facilities was linked to the number of residents. However,
once the tourist industry began to take hold on the island, it brought with it a need for accommodation,
services and other facilities for a floating and seasonal population in addition to the island’s permanent
residents. There have been two periods of intense construction on the island: the 1980s, once the 1970s
oil crisis had been overcome, and the period from the late 1990s up to 2007, when the whole of Spain
experienced a housing bubble. All this new building was fed by the mass import of construction materials,
principally steel, concrete and their derivates.
As we can see in figure 6.1., more than 90% of homes in Menorca were built before 2006, when the
Technical Building Code (CTE) was adopted. Consequently, the majority of homes were built without any
requirements regarding thermal behaviour, or were built according to the NBE-CT-79 Basic Building Regulation standards, in force since 1979. These regulations established very lax standards of thermal behaviour
for outer walls and roofs, resulting in very poorly insulated structures. The majority of homes in Menorca
are therefore very thermally inefficient, absorbing a great deal of heat in summer and losing a lot in winter.
They are very uncomfortable in terms of heat, requiring active air conditioning systems, which consume a
considerable amount of energy.
It should be noted that poorly insulated housing exacerbates situations of energy poverty, since those
who cannot pay their energy bills are forced to suffer great discomfort. This in turn can cause health problems, as has been shown in a number of studies.
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1 Figure 6.1. Housing distribution in Menorca by year of construction. Source: OBSAM 2011.

This low energy efficiency does not only affect housing, but also other buildings. Buildings in Menorca
have been required to have energy certification since 2013. This certification provides an energy rating
based on the design features and thermal installations (heating, cooling, hot water, etc.), from A (maximum
energy efficiency) to G (minimum energy efficiency). Details of the energy certification of Menorca’s buildings
can be seen in figure 6.2., which shows that 5.473 buildings have been certified, 55% of which have the
worst possible rating (G), while 92,5% have one of the three lowest (E, F and G). The poor level of energy
efficiency of Menorca’s buildings shows how far we have to go in terms of energy rehabilitation in order to
reduce the island’s reliance on energy for climate control.
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7 Figure 6.2.
Energy ratings of buildings in
Menorca, from A (very high
energy efficiency) to G (very
low energy efficiency). Source:
Prepared by authors from
data collected up to the year
2016 by the General Energy
and Climate Change Office
(Regional Government of the
Balearic Islands).

To help define strategies that might improve the bioclimatic performance of Menorca’s buildings, we
have drawn up a Givoni bioclimatic chart (see Fig. 6.3.) for the island. This chart makes it possible to identify
the passive (not requiring energy consumption) and active (requiring energy consumption) strategies that
could be implemented to improve buildings’ thermal behaviour. Introducing the climatic data for Menorca
into the Givoni chart shows that passive climate control systems offer a suitable solution to the problems
of thermal comfort in the island’s buildings. This should not be surprising, considering that Menorca has a
temperate Mediterranean climate, with annual average temperatures of between 17 °C and 18 °C, and a
reasonably mild winter. A well-insulated building, with protection from the sun and adequate draught proofing should have no need to expend energy on heating or air conditioning.
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1 Figure 6.3. Givoni bioclimatic chart for Menorca. The slanting coloured lines correspond to average maximum and minimum
monthly temperatures, as well as relative humidity. The orange sector represents the thermal comfort zone (01), while the other
sectors (02 to 14) represent the relevant climate control strategies. Source: Prepared by the authors using weather data from the
State Meteorological Agency (AEMET) weather station at Menorca Airport.

6.2. Energy consumption - homes and other buildings
Buildings are responsible for around 40% of total global energy consumption and 60% of electricity consumption (United Nations). The energy consumption attributed to buildings is usually that of the residential
and service sectors. In Menorca’s case, analysis of data for 2013 puts final energy consumption by buildings at 34,9% (17,9% for services and 17% for the residential sector), while for electricity the percentage
rises to 92,7% of total consumption (47,7% for services and 45% for the residential sector). In summary,
energy consumption by buildings plays a significant role when it comes to analysing the island’s energy
system. Unfortunately, no research has been carried out in Menorca looking further into the relative energy
consumption and demand at different points of use within buildings.
The most detailed information available when it comes to evaluating energy consumption in the home
is the report Analysis of energy consumption in Spain’s residential sector from the SECH-SPAHOUSEC
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project (IDAE, 2011). This study looks at the percentage of energy consumption attributable to different
elements that use energy in the home, across three climate zones: North Atlantic, Continental and Mediterranean. The breakdown of consumption for the Mediterranean climate is shown in figure 6.4.
Hair dryers
1,08%

Cooling
1,10%

Kitchen
7,10%

Lighting
5,70%

Dishwashers
1,48%

Ovens
1,89%
TV
3,05%
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2,00%

Appliances

25,60%

Appliances on
standby
2,47%

Freezers
1,61%
Refrigerators
8,01%

Heating
40,90%

Other
0,72%

1 Figure 6.4. Residential sector energy consumption profile for Spain’s Mediterranean zone. Source: Prepared by the authors
from the report ‘Analysis of energy consumption in Spain’s residential sector’ from the SECH-SPAHOUSEC project (2011 IDAE).

As shown in this chart, energy is principally used in the home for heating (40,90%), providing hot water
(19,60%) and cooking (7,10%). These activities are responsible for 67,60% of domestic energy consumption. Appliances are responsible another 25,60% of energy consumption, of which refrigerators account
for 8,01%, the largest share. This breakdown suggests that the areas which present the best prospects for
saving energy are climate control and water heating.
The final energy consumption in Menorca’s residential sector for 2013 has been calculated at 266.970
MWh, 17% of the island’s total final consumption. Applying the percentages from the breakdown above to
this figure, the various uses of domestic heating (67,60%) represent 180.472 MWh, almost double the final
consumption of the industrial and primary sectors, which totals 101.673 MWh.

6.3. Summary
• Most of Menorca’s buildings have very poor energy efficiency, both in terms of their envelope and their
heating systems.
• Menorca’s mild climate means that buildings could use passive climate control strategies, which do not
require any energy consumption.
• The residential and service sectors, whose energy consumption is primarily associated with the use of
buildings, represent 34,9% of Menorca’s final energy consumption and 92,7% of electricity demand
(2013 data).
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7. Transport
7.1. Air transport
Menorca’s air transport infrastructure consists of Menorca Airport, opened in Maó in 1969, and the Sant
Lluís Aerodrome dedicated to air sports, which we will not discuss here. Menorca Airport connects the
island to the outside world, and is crucial to the local economy, as it is the means by which the majority of
tourists reach the island.
Annual passenger air traffic grew considerably over the second half of the last century, and since the
year 2000 it has been oscillating between 2,5 and 3 million passengers per year (see Fig. 7.1.), compared
to half a million passengers who arrived by sea in 2014 (see Fig. 7.3.). This traffic is linked to Menorca’s
seasonal tourist industry, and so the majority is concentrated in the high season, with its peak in August
(see Fig. 2.3.). The number of flights has also been fairly constant over the period 2004-2015, with the
number of flights and passenger traffic curves tending to move closer together. In other words, there has
been a better uptake of flights in terms of passengers per journey, with an average which has ranged from
80 in 2016 to 100 in 2015.
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1 Figure 7.1. Total passenger traffic, goods traffic and number of flights for Menorca Airport, 2004-2015. Transfer passengers
not included. Source: Prepared by authors using data from airport operator Aena.

In 2013, there were 24.419 flights with Menorca Airport as their origin or destination, estimated to have
covered a distance of around 18.664.449 km, transporting 2.554.681 passengers (OBSAM). According
to these figures, the average number of passengers per flight was 105, while the average distance was
764 km. According to data from Aena, the principal airports linked to Menorca were Palma de Mallorca
(PMI), with 23% of flights, and Barcelona (BCN), with 21%, followed by Madrid-Barajas (MAD), with 10%.
The airport with the fourth most flights to and from Menorca, and the highest number for an international
airport, was London-Gatwick (LGW), with 5%. The proportion of flights to and from international airports
in 2013 was 36,9%, with the remaining 63,1% of flights between Menorca and other Spanish airports (see
Fig. 7.2.).

■ Balearic Islands
■ Rest of Spain
■ International

23,6%
36,9%

7 Figure 7.2.
Percentage of flights
involving Menorca Airport
in 2013, by airport
of origin/destination.
Source: Prepared
by authors using data
from Aena

39,5%

Goods are also transported by air, but only a very small proportion compared to those transported by
sea, around 0,2% (OBSAM). The number of goods being transported by air has been falling steadily since
2005 (see Fig. 7.1. again).
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7.2. Maritime transport
Menorca’s maritime transport infrastructure consists of the ports of Maó and Ciutadella, managed by the
Balearic Islands Port Authority and Ports IB, respectively. The port of Ciutadella has grown in importance
following the construction of the Son Blanc dock in 2011. This made it possible for much longer boats,
which could previously only dock in the port of Maó, to dock in Ciutadella as well. As with the airport,
Menorca’s port infrastructure and management are closely tied to the island’s economic activity, since they
are the entry and exit point of almost all of its goods.
Total maritime passenger traffic in Menorca ranged between 400.000 and 500.000 in the period 20042014 (see Fig. 7.3.). This is approximately a fifth of the number of passengers travelling to and from the
island by air. As with air transport, passenger numbers tend to increase significantly during the month of
August.
The movement of passengers and goods through the port of Ciutadella has experienced a significant
boost since the Son Blanc dock opened in 2011. This increase in activity at the port of Ciutadella has been
at the expense of the port of Maó. In 2013, 1.114 ships put in at the port of Ciutadella and 460 at Maó.
The main difference lies in the fact that 99,5% of the vessels calling at Ciutadella are ferries linking Menorca
to Alcúdia and Barcelona, while Mao sees a much greater diversity of vessels, with goods and passenger
ferries making up only 60%, and cruise ships almost 22%.
According to estimates based on the port of origin and the destination, discounting warships, tugboats and other unconventional vessels, ships passing through Menorca’s ports travelled a total of 455.000
km in 2013; more than 269.000 km corresponding to those calling at Maó and the remaining 186.000,
Ciutadella.

1 Figure 7.3. Total maritime passenger and goods traffic in Menorca, 2004-2014. Source: Prepared by authors from OBSAM data.

7.3. Land transport
Land transport in Menorca is primarily either by road vehicle or on foot. Between the years 2001 and 2017,
the relative use of different modes of land transport in Menorca has hardly varied, with private vehicles outstripping travel on foot, by bicycle and by public transport (see Fig. 7.4.). This study focuses on motorised
road transport, since this is responsible for the vast majority of energy consumption and is the form of land
transport for which the best data is available.
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1 Figure 7.4. Modal distribution of land transport in Menorca by percentage distance covered.
Source: Analysis from the Mobility Master Plan for the Balearic Islands.

7.3.1. Road transport infrastructure
The road transport system involves a major infrastructure network of highways, roads, streets and car
parks, occupying a considerable portion of the island. According to the map produced by the OBSAM
(2007) showing land use across Menorca, the urban and interurban road network in Menorca occupies a
total of 835,24 ha, which is 1,20% of the territory, and 24,67% of its artificial surfaces.
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1 Figure 7.5. Menorca’s road network, showing the locations of the kilometre markers (km) analysed in this study.
Source: Menorca Island Council.

7.3.2. Vehicle fleet
The number of vehicles in Menorca has been fairly stable since 2005, with around 73.000 vehicles, of which
about 50.000 are private cars (approximately 70%). The motorisation rate is currently at 780 vehicles per
1.000 legal residents, a figure which has changed little over the last decade. In terms of the de facto population, however, the rate has actually fallen in recent years, from 733 vehicles per 1.000 in 2005, to 647 in
2015, according to OBSAM data.
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7.3.3. Motorised road transport use
The rate of motorised road transport use in Menorca between 1999 and 2015 has varied in line with economic cycles. Traffic intensity has been higher at moments of greater economic activity. This intensity is
expressed in the form of average daily traffic (ADT), which is defined as the total number of vehicles that
pass a particular point every year divided by 365 days.
Vehicle fuel consumption tends to follow changes in ADT (see Fig. 7.6.), although this relationship
appears to be loosening, indicating an increase in vehicle efficiency (lower energy consumption), but also
a greater presence of utility and heavy vehicles. Between 2004 and 2015, the ratio of petrol to diesel consumption remained fairly stable, at 45% and 55% respectively.

1 Figure 7.6. Index of changes in vehicle fuel consumption throughout Menorca, ADT for light and heavy vehicles at kilometre marker
20,4 on the Me-1 motorway (traffic counting station 10318), and Menorca’s gross value added (GVA), since 1999 (base 100).
Source: Prepared by authors from OBSAM and IBESTAT data..

The mobility study carried out in Menorca in 2004 (OBSAM) recorded an average occupancy rate of 1,4
people in private cars and up to 3,2 in rental cars. Another point worth noting with respect to car use is
the amount of time they are inactive. According to a study by Ecologists in Action (2014), cars in Spain are
parked for 97% of the time on average. This same study estimated average car occupancy in Spain at 1,68
people in 2012.
The number of public transport users in Menorca rose dramatically between 2004 and 2008, (see Fig.
7.7.), but then steadily decreased from 2008 to 2014. This is borne out by the drop in public transport as a
proportion of total land transport shown in the modal distribution in figure 7.4.
So far, then, public transport has failed to position itself as an alternative to private transport. The most
commonly used routes are: the route linking Maó and Ciutadella (with 23% of passengers in 2014); the
routes linking Ciutadella and the towns of Cala en Bosc and Cala en Blanes; and the Mao-Es Castell route.
Analysis of the average monthly traffic (AMT), i.e. the total number of journeys in a month divided by
the number of days, shows a clear correlation with the daily human pressure (DHP) recorded each month
(see Fig. 7.8.).
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1 Figure 7.7. The number of passengers using regular public transport in Menorca, 2002-2014. Source: OBSAM.

1 Figure 7.8. Average monthly traffic at kilometre marker 2,9 on the Me-1 motorway (the main motorway linking Maó and
Ciutadella, traffic counting station 10067), and daily human pressure, 2013. Source: Prepared by the authors using data from the
Department of Mobility and Menorca Island Council.

The ratio of human pressure to average monthly traffic increases slightly during the summer months,
which could be linked to a higher rate of vehicle occupancy (in line with the 2004 OBSAM study cited
above, which showed that rental cars have a higher occupancy rate), or to lower vehicle use.
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7.4. Energy consumption of different modes of transport
We have already analysed the energy consumption in 2013 for air, land and maritime transport, which together account for 59% of total final energy consumption in Menorca (see Fig. 4.3. of section 4). Fuel consumption for both air and maritime transport was calculated according to the amount of fuel consumed per
kilometre or mile over the approximate distance travelled for each journey beginning or ending in Menorca,
assuming that half the fuel used for each journey constituted Menorcan consumption.
The total final energy consumption by air transport in 2013 was 230.969 MWh, while the figure for
maritime transport was fairly similar, at 213.829 MWh. In contrast, at 478.401 MWh, energy consumption
by land transport was more than both of these put together (see Fig. 7.9.). Of this final energy consumed,
only around 25% is actually converted into useful energy used to propel the mode of transport in question,
as we can see from figure 7.9. This inefficiency is a result of the second law of thermodynamics, which
limits the conversion of thermal energy produced by combustion in the engine into the mechanical energy
needed to power movement.
57.742
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478.401

230.969
119.600
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■ Maritime transport
■ Land transport
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1 Figure 7.9. Final energy consumption (left), useful energy consumption (right), and energy loss (right) for the three modes of
transport in Menorca, 2013. Units: MWh. Source: Prepared by the authors.

7.5. Summary
• In terms of transport to and from Menorca, passengers predominantly travel by air, while goods are
mostly transported by sea. This transport to and from Menorca is largely concentrated around the
island’s three main elements of transport infrastructure: Menorca Airport and the ports at Maó and Ciutadella.
• The majority of land transport within the island is by private vehicle (53%), followed by travel on foot
(42%). Cycling makes up a very small proportion of land transport on the island (4%) as does public
transport (1%), according to data from 2017.
• Cars spend 97% of their time parked, and when in use have an average occupancy of two people.
• Traffic intensity in Menorca is closely linked to economic cycles and daily human pressure on the island.
• In 2013, air, land and maritime transport accounted for 59% of total final energy consumption in Menorca.
• Of the total energy consumption by transport in Menorca in 2013, air transport was responsible for 25%,
maritime, 23%, and land transport, the remaining 52%.
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Comparison of energy consumption
by different modes of transport
This infographic represents the energy required to move a person 100 kilometres by different
modes of transport. In the case of travel by foot, bicycle or electric bicycle, the energy consumed
comes entirely or partially from the person’s own physical exertion, while all of the other modes of
transport use an external energy source. Calculations are based on average occupancy.

AEROPLANE 404

BOAT 181

BUS 120

CAR 447

ELECTRIC CAR 149

MOTORCYCLE 275

ELECTRIC MOTORCYCLE 92

BICYCLE 15

ELECTRIC BICYCLE 19

ON FOOT 50

Units: Wh/(100 km × person)
Source: Prepared by the authors using data from the
publication ‘Las cuentas ecológicas del transporte en
España’ [The ecological impact of transport in Spain]
(Ecologists in Action, 2014) and from the websites
www.biboobikes.com and es.calcuworld.com.
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8. Environmental impact of the energy system
In this section we examine the impact of Menorca’s energy system on health and the environment. We
focus on the direct emissions associated with fossil fuel consumption on the island, leaving to one side the
effects associated with extraction, transport and refining. These external processes are inextricably linked
to Menorca’s energy consumption and are certainly significant, but they are beyond the scope of the present study.

8.1. Impact on the global climate: CO2 emissions and climate change
There is an almost unanimous scientific consensus linking global warming to human activity. Data and observations from across the globe leave no doubt that climate change is occurring, and scientific evidence
shows that the primary cause is the increase, as a result of human activity, in atmospheric levels of greenhouse gases such as carbon dioxide (CO2) and methane (CH4), among others.
Figure 8.1. shows the change in direct CO2 emissions due to energy consumption in Menorca, along
with the limits set by the Kyoto Protocol and the EU 20-20-20 objectives, assuming Menorca’s commitments to be the same as those of Spain as a whole (OBSAM 2015). Spain’s Kyoto Protocol commitment
was for average emissions for the period 2008-2012 not to exceed 15% above their 1990 level, something
Menorca did not achieve. For the period 2013-2020, Europe assigned Spain a limit relating to their 2005
emissions, which for Menorca would set a limit of 50% above 1990 emissions. This had been achieved up
to 2014, but in 2015 the threshold was exceeded.
Here we only consider emissions from fossil fuel consumption within the island’s limits. This includes
the power station, the island’s buildings, land and air transport using fuel supplied in Menorca, as well as
the electricity imported from Mallorca. We do not include emissions linked to maritime transport, or those
not linked directly to energy consumption (livestock, the emissions associated with imports and exports,
etc.). Nor do we include emissions from the industrial use of natural gas.
Analysis of CO2 emissions per person per year (see Fig. 8.2.) shows levels starting to rise again in
2015, a reversal of the post-2008 trend. In the period 1999-2008, per capita emissions relating to the legal
(registered) population were almost constant at around eight tonnes of CO2 per person per year. Emissions
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with respect to the de facto population (the registered population plus visitors), however, rose continuously
from 20000 until 2005, before falling again until 2013. This cycle closely follows that of the island’s economic activity, which is driven primarily by fossil fuels. Therefore, Menorca’s economic growth in the early years
of the 21st century has not only led to an increase in emissions, but also an increase in per capita emissions.

1 Figure 8.1. Direct CO2 emissions due to energy consumption in Menorca. Source: OBSAM.

1 Figure 8.2. Direct CO2 emissions per capita due to energy consumption in Menorca. Source: OBSAM.

Figure 8.3. shows the CO2 emissions associated with the energy flows from the Sankey diagram
representing Menorca’s energy system (see Fig. 4.1. from section 4). This diagram shows the emissions
attributable to the energy losses in each sector from the Sankey diagram (including energy loss during final
use and during generation, transport and distribution).
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1 Figure 8.3. Sankey diagram of direct CO2 emissions from Menorca’s energy system for 2013 by sector. Units: tonnes of CO2.
Source: Prepared by the authors.

Emissions from Menorca’s energy system in 2013 totalled 663.089 tonnes. To understand the scale of
this figure, we can compare it to the total amount of municipal solid waste generated in Menorca in 2013,
which was 53.392 tonnes (Menorca Consortium of Urban Waste and Energy) or to the total volume of
goods entering Menorca in 2011, which was 742.385 tonnes (OBSAM). Two thirds of these emissions are
directly linked to energy loss in the system.
It is worth noting the significant role of electricity, which is responsible for 55% of emissions despite
only accounting for 30% of final energy consumption. This is due to the poor efficiency of the thermal
electricity generation process at the Maó thermal power station, which is the island’s main consumer of
petroleum products.
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Analysis of emissions by sector (see Fig. 8.4.) highlights the fact that as a result of the high consumption and poor efficiency of electricity generation, the service and residential sectors jointly account for over
56% of CO2 emissions, despite representing only 35% of final energy consumption.
4,22%

■
■
■
■
■
■
■

Industrial sector
Land transport
Air transport
Maritime transport
Primary sector
Service sector
Residential sector

27,39%

18,67%

8,95%

7 Figure 8.4.
Direct CO2 emissions from
Menorca’s energy system
for 2013 by sector.
Source: Prepared by the authors.
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8.2. Impact on health and ecosystems: gas and harmful particle emissions
Gas and particle emissions have been calculated using OBSAM, European Environment Agency (EEA), and
our own data. We have used 2013 as our year of reference to provide an exhaustive quantitative analysis
of emissions, specifically those generated within the island’s territory. For the airport, we have calculated
the emissions associated with landing and take off of aircraft, known as LTO. We did not have access to
comparable data for maritime transport.
EMISSIONS [kg]

SOURCE OF
EMISSIONS

CO

NOx

Thermal power station

764.148

3.618.274

996.423

98.527

Land transport

2.070.954

471.658

1.877

31.613

Primary sector

18.044

130.751

6.662

8.328

Diesel boilers

5.211

62.529

15.980

1.042

LPG

2.137

29.915

64

2.137

Biomass

4.310

3.525

184

1.186

83.671

110.199

7.287

739

Air transport

SOx

PM

1 Figure 8.5. Table showing gas and particle emissions by source. Source: Prepared by the authors.

Figure 8.5. demonstrates that the two principal sources of pollutants are the power station and land
transport. The following subsections offer a detailed explanation of the properties of the substances in the
table above, as well as how their emissions are distributed between the various sectors/sources. We have
used data from Menorca’s air quality analysis stations, which are shown in figure 8.6. The three current
stations (shown in red) are located in Ciutadella (The Ciutadella Measuring Station, which belongs to the
Regional Government of the Balearic Islands) and Maó (The Pous Measuring Station and the Sant Lluís
Measuring Station, which belong to Endesa). The map also shows the principal sources of emissions (in
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black): the Maó power station, the airport and the ports of Maó and Ciutadella. The other sources of emissions are spread out across the island.
It is important to distinguish the emissions calculations, which involve applying emissions ratios to
the different fuels used, from the air quality measurements made by the stations, which quantify the actual
atmospheric particles and compounds detected by the measuring equipment.

1 Figure 8.6. Map showing the locations of principal sources of emissions (in black) and air quality analysis stations (in red).
Source: Prepared by the author using IDE Menorca map.

For each pollutant we have prepared a chart based on the air quality reports from the atmosphere
department of the regional government (Regional Government of the Balearic Islands, 2016), showing the
relationship between the measurements recorded (VR) and the legal limits (LRV) shown in figure 8.7.
Value recorded (VR)
as compared to legislative reference value (LRV)

AIR QUALITY

VR ≤ (1/3)LRV

Excellent

(1/3)LRV < VR ≤ (2/3)LRV

Good

(2/3)LRV < VR ≤ LRV

Satisfactory

VR > LRV

Poor

1 Figure 8.7. Air quality evaluation criteria. Source: Regional Government of the Balearic Islands, 2016.
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8.2.1. Nitrogen oxides (NOx)
Nitrogen oxide emissions (mostly NO and NO2) are result of the release of the nitrogen from fuel when it
burns, as well as reactions with nitrogen in the atmosphere (remember that air is 78% nitrogen). The formation of nitrogen oxides depends on the temperature of the reaction, and these compounds can be prevented from forming by reducing the temperature at which combustion takes place, such as by emulsifying fuel
with water before it is injected into the combustion chamber.
Along with solar radiation, nitrogen oxides are the main cause of smog, which is a major problem for
large cities. Nitrogen oxides are a precursor of tropospheric ozone, which they form in the presence of
sunlight. They also cause acid rain.
Respiratory problems are the most significant of the many harmful effects of NOx on human and animal
health (they also react with other atmospheric gases to form further toxic products).
1%
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3%
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7 Figure 8.8.
Distribution of NOx
emissions by source.
Source: Prepared
by the authors.

11%

NOx

82%

As shown in figure 8.8., the majority of NOx emissions in 2013 (82%) came from the Maó thermal power station, meaning that there is a high concentration of emissions within a very reduced area, potentially
exacerbating the effects in the power station’s immediate surroundings, including the city of Maó.
However, official air quality reports for the last 8 years rate the air quality throughout the island as excellent with regard to NO2, as shown in figure 8.9.

NO2

2009

2010

2011

2012

2013

2014
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2016

Ciutadella
Pous
Sant Lluís
1 Figure 8.9. Air quality with regard to NO2 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.
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8.2.2. Sulphur oxides (SOx)
Sulphur oxide emissions, mostly in the form of sulphur dioxide (SO2), are directly related to sulphur content
in fuel. They therefore tend to be much higher in heavy fuels (for example fuel oil used in the Maó power
station generators) than in lighter or refined fuels such as natural gas (which has a negligible sulphur content, as shown in figure 8.10.
Sulphur dioxide (SO2) is a toxic gas, with a strong, irritating smell and a yellowish colour. It is a wellknown cause of acid rain and can be severely harmful to human health, causing respiratory symptoms and
even premature death (United States Environmental Protection Agency, US EPA, 2017). It is also harmful
to animals and plants.
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7 Figure 8.10.
Distribution of SOx
emissions by source.
Source: Prepared
by the authors.

SOx

97%

As we can see from figure 8.10., 97% of SOx emissions in Menorca came from the Maó thermal power
station in 2013, with such a high concentration in this limited area meaning that once again there is the
potential for elevated levels of the pollutant in the power station’s immediate environment.

1 Figure 8.11. Hourly average distribution of SO2 particles recorded in air quality analysis stations, 2009-2016.
Source: Prepared by the authors.
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As shown in Figure 8.11., the Pous Measuring Station (the closest to the furnace) recorded the highest
values for SO2 emissions. Surprisingly, however, this was the only station whose data produced a curve
corresponding to the island’s electricity demand (see figure 5.8., section 5), and that could therefore be
linked to the emissions from the Maó thermal power station. Nevertheless, as we can see from figure 8.12,
all of the air quality analysis stations in Menorca rate air quality as excellent with regard to SO2.

SO2

2009

2010

2011

2012

2013

2014

2015

2016

Ciutadella
Pous
Sant Lluís
1 Figure 8.12. Air quality with regard to SO2 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

8.2.3. Particles (PM)
Particle emissions (or particulate matter, PM) result from the combustion of heavy fuel, such as the fuel oil
used by the 2-stroke diesel generators at the Maó thermal power station, which also contains lubricating
oils. The physical and chemical properties of these particles vary depending on the type of fuel and the
combustion process. These particles are classified according to their size, with PM10 (particulate matter with
a diameter of less than 10 micrometers) and PM2,5 (less than 2,5 micrometers) the most common.
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7 Figure 8.13.
Distribution of PM
emissions by source.
Source: Prepared by the authors.
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In 2013, 69% of particles were emitted by the thermal power station, while land transport accounted
for 22% and other sources of emissions, only 9%, as shown in figure 8.13.
PM10
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Ciutadella
Pous
Sant Lluís
1 Figure 8.14. Air quality with regard to PM10 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

Air quality was rated as good with regard to PM10 (see Fig. 8.14.), though it is worth noting that the Sant
Lluís station registered higher values than the other air quality analysis stations.

8.2.4. Tropospheric ozone (O3)
Tropospheric ozone is a secondary atmospheric pollutant because it is formed by the chemical reaction of
other pollutants known as precursors, principally NOx in the presence of sunlight. It should be noted that
not all tropospheric ozone precursors are a result of human activity. Vegetation, for example, is responsible
for the emission of organic compounds with the potential to form ozone.
Ozone can be harmful to humans at high concentrations, for example by irritating the respiratory system. Since it is a secondary pollutant, its emission sources are impossible to measure. However, it is possible for air analysis stations to measure levels of tropospheric ozone. Figure 8.15. shows that tropospheric
ozone is the pollutant with the most concerning levels at all three of Menorca’s air quality analysis stations.
Air quality with regard to O3 is found to be satisfactory and sometimes poor, such as in Ciutadella in 2013.
It is important to remember that poor air quality means that the values measured surpassed the legal limits
aimed at safeguarding human health.

O3
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Ciutadella
Pous
Sant Lluís
1 Figure 8.15. Air quality with regard to O3 according to Menorca’s air quality analysis stations.
Source: Regional Government of the Balearic Islands, 2017.

8.2.5. Carbon monoxide (CO)
Carbon monoxide is an intermediate product in combustion reactions. It is a chemical precursor of tropospheric ozone and inhibits the transport of oxygen in the blood. It is considered toxic in quantities above 35
ppm.
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7 Figure 8.16.
Distribution of CO
emissions by source.
Source: Prepared
by the authors
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As shown in Figure 8.16., the principal source of CO emissions is land transport. It is unsurprising that
the thermal power station is not the primary source of emissions for this pollutant, because its engines
and turbines operate in very stable conditions, so its combustion process is highly controlled, preventing
the emission of CO into the atmosphere. Menorca’s air quality analysis stations do not have any means of
measuring carbon monoxide levels.

8.2.6. Other pollutants
It should be noted that while we have offered an exhaustive analysis of the principal atmospheric pollutants,
there are others, including benzo(a)pyrene and the heavy metals such as arsenic (As), cadmium (Cd), lead
(Pb) and nickel (Ni), that are also usually considered when analysing air quality. In Menorca, only the air
quality analysis stations in Ciutadella (As, Cd, Pb, Ni) and Pous (Cd, Pb) are capable of measuring heavy
metal particle levels. The air quality for the entire period 2009-2016 has been excellent with regard to all of
these metals.

8.3. Economic consequences of environmental impact
The economic repercussions of the environmental impact discussed here fall into two main categories:
indirect repercussions linked to climate change and direct repercussions due to the impact on health and
ecosystems.
The impact of climate change affects various sectors of Menorca’s economy, as well as altering its
ecosystems in ways which we can currently only assess qualitatively. Climate change is affecting weather
patterns which, according to current scientific consensus, will in turn affect patterns of rainfall in the Mediterranean zone where Menorca is located, leading to an increasingly arid climate. This trend will exacerbate
the pressure on water resources, which currently rely on rain for groundwater recharge. Crops will also be
affected, with a reduction in yields likely. Ecosystems will also suffer from this water scarcity, weakening
forests and disrupting flowering cycles, as well as putting pressure on many species adapted to the region’s
current climate cycles. The predicted temperature rises will also have a transformational effect on ecosystems, threatening key species with extinction, such as the seagrass Posidonia oceanica, which forms
incredibly rich ecosystems. Rising sea levels are another consequence of climate change and could submerge some of the island’s beaches as well as affecting its port infrastructure. The impact of climate change
is likely to be felt across the Menorcan economy, from the primary to the tertiary sector. The magnitude of
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this impact is difficult to quantify, but we will need to find a way to estimate it if we are to understand the
economic challenge posed by the mitigation of and adaptation to climate change.
The health impact of air pollution also has direct economic consequences. In 2014, in order to evaluate these consequences, the European Environment Agency (EEA) produced a report estimating the
economic impact of the 14.325 most polluting industrial facilities in Europe for the period 2008-2012. The
report quantifies the economic losses incurred due to labour and health costs associated with air pollution.
This report attributes costs of between 91 and 257 million euros to the Maó thermal power station for the
period in question. The Maó power station occupied the 600th position in order of economic costs due to
gas emissions.
The information from our analysis leads us to the conclusion that we are still at an early stage in terms
of understanding the environmental impact of Menorca’s energy system in economic terms. We will need
to deepen our understanding of these economic costs if we are to take measures to combat the problems
discussed above.

8.4. Summary
• Menorca’s energy system contributes to climate change with the emission of over 600.000 tonnes of
CO2 every year, half of which is released by the Maó thermal power station.
• According to official reports from the last 8 years, ozone is the only pollutant that Menorca’s three air
quality analysis stations have detected at levels above the legal limits.
• Mitigating and adapting to the effects of climate change represents a major economic challenge, given
its potential impact on all sectors of the island’s economy.
• A report by the European Environment Agency from 2014 estimates the labour and health costs associated with the emissions from Menorca’s thermal power station at between 91 and 257 million euros for
the period 2008-2012, the 600th highest out of over 14.000 industrial facilities across Europe in terms of
economic costs due to gas emissions.
• Gaining a better understanding of the economic consequences of the environmental impact of Menorca’s energy system would be extremely beneficial to future decision making.
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9. Energy and the economy
9.1. Introduction
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Energy use does not only have profound repercussion’s on Menorca’s biophysical environment and its
population’s way of life, but also on its economic system. As we know, the harnessing of energy sources is
the basis of all economic activity, since the very processes of extraction, transformation, commercialisation
and use of goods and services all rely on high levels of energy consumption. In fact, energy use is strongly
linked to economic growth, as shown in figure 9.1.
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1 Figure 9.1. Chart comparing global energy consumption with global gross domestic product (GDP).
Source: Gail Tverberg (2011).

The availability and cost of acquisition of energy have a major impact on a region’s economic development. A key aspect of this is external energy dependence and the need to import energy. Menorca has
a very high level of energy dependence, since 99% of primary energy currently consumed on the island is
imported, 90% in the form of petroleum products. Acquiring this energy involves the constant flow of capital
abroad. This is easier for the economy to manage when energy prices are low, with its use creating added
value, but when this is not the case the regional economy is weakened by the costs associated with energy
acquisition. Greater energy independence would mean the island was less exposed to these weakness-
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es, making it more resilient. Becoming more energy independent would mean producing more energy in
Menorca itself, where it is consumed.

9.2. Economic costs of energy acquisition in Menorca
Figure 9.2. shows the size of the economic flows associated with the costs of energy acquisition for 2013.
The figures reflect the final prices including tax, with the unit prices calculated using the average annual
prices given by a range of sources. It is important to note that not all of these costs are passed on to the
island’s economy. For example, part of the cost of fuel acquisition for the Maó thermal power station is
incurred as part of national energy expenditure, not just by Menorca.

1 Figure 9.2. Chart showing economic costs associated with the acquisition of energy in Menorca, 2013. Prices include taxes and
other charges as incurred by the end user. The units are millions of euros (M€).
Source: Prepared by the authors based on various sources, with prices estimated based on annual averages.
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7 Figure 9.3.
Distribution of economic
costs associated with the
acquisition of energy in
Menorca by type of energy,
2013. Prices, in millions of
euros (M€), include taxes
and other charges as
incurred by the end user.
Source: Prepared by the
authors based on various
sources, with prices
estimated based on annual
averages
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The total cost of acquisition of the energy consumed in Menorca is €273,91 million, of which 71,96%
(€197,12 million) corresponds to oil, and 25,74% (€70,50 million) to electricity (see Fig. 9.3.). Other fuels
(natural gas, liquefied petroleum gas and biomass) account for a much smaller portion of the total cost,
making up 2,30% in total. Because of the inefficiency of the current energy system, more than half of the
€273,91 million total is spent on energy which is then lost prior to final use. To be precise, this lost energy
accounts for €141,91 million in energy costs (see Fig. 9.4.).
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7 Figure 9.4.
Distribution of economic
costs associated with the
acquisition of energy in
Menorca by type of energy,
including the percentage
attributable to total waste,
2013. Prices, in millions of
euros (M€), include taxes and
other charges as incurred by
the end user. Source: Prepared by the authors based
on various sources, with
prices estimated based on
annual averages.

Analysing consumption by sector (see Fig. 9.5.) shows that the Maó thermal power station, which is
considered independently due to its private ownership, is responsible for the greatest energy costs: €84,22
million (30,75%), followed by land transport, with €72,75 million (26,56%). These two sectors represent
57,31% of total costs incurred. Next are the residential (€37,37 million, 13,64%) and service (€40,16 million,
14,66%) sectors, totalling €77,53 million (28,30%) between them, an amount similar to land transport. Air
and maritime transport total 10,40%, while the industrial (2,30%) and primary (1,68%) sectors account for
the lowest share.
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7 Figure 9.5.
Distribution of economic costs
associated with the acquisition
of energy in Menorca by sector,
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Source: Prepared by the
authors based on various
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Comparing the actual cost of Menorca’s electricity system with the costs incurred by the island itself
gives an idea of the external economic support received. In 2013, Menorca paid €70,50 million for electricity, including tax. The actual costs that we have been able to attribute to Menorca (given that there is little
data pertaining solely to the island itself) or to calculate indirectly are: a payment of €91,1 million for the Maó
thermal power station (of which it is estimated that €84,22 million correspond to the cost of fuel), a payment
of €11,82 million for transport and distribution, and €0,5 million for the Milà wind farm. These costs, which
are not exhaustive, total €103,42 million, considerably more than the €70,50 million Menorca paid for its
electricity in 2013. The reason for this discrepancy is that a portion of these electricity costs are incurred nationally (in the form of tolls known as extra-peninsular fees) and a portion are also covered in state budgets.

9.3. The relationship between energy consumption and economic indicators
In this section we compare the change in Menorca’s gross value added (GVA, one of the means of calculating regional gross domestic product) with fuel consumption by land transport and electricity consumption,
which are the most significant elements of the island’s energy system. In order to represent the comparison
graphically, we have indexed the data to 100 with the data for the year 2000 as the base values.
The change in fuel consumption by land transport follows the same pattern as GVA (see Fig. 9.6.),
but rises and falls at a greater rate. In recent years the curves have grown further apart, indicating greater
efficiency in the sector with respect to economic activity.

71

DEM – ENERGY

|

A N A LY S I S : M E N O R C A’ S F I R S T E N E R G Y T R A N S I T I O N

1 Figure 9.6. Land transport fuel consumption compared to Menorca’s GVA, indexed to 100 for the year 2000.
Source: Prepared by authors from IBESTAT and OBSAM data.

Making the same comparison for electricity consumption also shows a correlation (see Fig. 9.7.), with
an eventual trend towards greater efficiency in the use of electricity compared to economic activity.

1 Figure 9.7. Electricity consumption compared to Menorca’s GVA, indexed to 100 for the year 2000.
Source: Prepared by authors from IBESTAT and OBSAM data.
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9.4. Summary
• Economic activity and energy consumption are closely linked, both on a global and local scale.
• The total cost of acquisition of the energy consumed in Menorca has been calculated at €273.9 million
(2013), of which 72% corresponds to petroleum products, 25,7% to electricity, and the remaining 2,3%
to other fuels (natural gas, liquefied petroleum gas and biomass). Because of the inefficiency of the current energy system, €141,9 million is spent on energy which is then lost prior to final use.
• Part of the cost of Menorca’s electricity system is financed from state funds through regulated procedures.
• The change in Menorca’s GVA between 2000 and 2016 shows a strong correlation with fuel consumption by land transport, as well as with electricity demand, with both demonstrating increased efficiency
in recent years.
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10. Global and regional energy context
In this section we analyse the energy context within which Menorca is situated, first at the global and then
at the national level. We then consider the island’s future prospects in terms of this context.

10.1. Global context
Global energy consumption has experienced rapid and sustained growth ever since the first large-scale
exploitation of fossil fuels began, as shown in figure 10.1. In the last decade alone it has risen by over 25%,
while 40 years ago it was at half its current level. In 2015, global primary energy consumption equated to
57,0 kWh per person per day on average.
This growth was entirely built and remains dependent upon fossil fuels. Indeed, more than 80% of
all energy consumed by mankind comes from oil and coal, both of which are non-renewable sources, as
is nuclear power, which accounts for another 5% (see Fig. 10.2.). Over recent decades, biomass and its
derivatives have maintained a share of 10%, largely due to the consumption of traditional biomass, the only
renewable energy source to account for a significant portion of global energy consumption. Hydropower,
with 2,5%, is the most significant of the other renewable energy sources, with the rest totalling little over
1%. The trend in global consumption continues to rise, without any significant change in the relative use of
different energy sources, exacerbating climate change as non-renewable sources of energy are depleted.
The countries which produce the majority of fossil fuels do not coincide with the principal regions in
which they are consumed. This generates enormous international flows of fuel, involving the movement of
large amounts of capital. The monetary value of the global oil trade is estimated to be higher than that of
all metals combined.
Globally, petroleum products are by far the most widely used form of final energy. In 2015, they accounted for 41% of the global total, more than double that of electricity, which, at 18,5%, was the second
most widely used form of final energy, as shown in figure 10.3. Some of the properties that account for the
high demand for petroleum products and justify their dominant role in the global energy market are their
high energy density and the fact that they are liquids at room temperature, making them easier to store and
transport. These characteristics make them the key energy vector for transport and heavy machinery, which
are almost entirely dependent on them. They also makes them vital for the global energy model, since they
are essential for the extraction of minerals and other raw materials, as well as for long-distance transport.
Industrial energy consumption in the OECD (Organisation for Economic Co-operation and Development) countries is relatively evenly distributed between the different energy types, although consumption
of petroleum products still accounts for the largest share. In the service and residential sectors, however,
energy is largely consumed in the form of electricity and gas, with petroleum products making up only 10%
(see Fig. 10.4).
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1 Figure 10.1. Global primary energy consumption (units: GWt). Source: Carles Riba.
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7 Figure 10.2.
Global primary energy
consumption in 2015 by
source. Source: Key World
Energy Statistics © OECD/
IEA 2017
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1 Figure 10.4. Final energy consumption in the OECD by sector, divided according to energy type, 2015.
Source: World Energy Balances: Overview © OECD/IEA 2017

Figure 10.5. below shows that global energy consumption is clearly dominated by industry, transport
and the residential sector, which made up 88% of the 2015 total.
As we have seen above, electricity is the second most prevalent form of final energy. Since it is not a
form of energy which can be extracted directly, it is generated from many different sources. Figure 10.6.
shows that in 2015 global electricity was principally generated from the burning of coal, the most polluting
of the fossil fuels, which accounted for around 40%. Natural gas, hydraulic and nuclear energy totalled
almost 50%, while electricity generated from other renewable sources made up 4,9%. The remaining share
was generated from oil, biomass and waste.

77

DEM – ENERGY

|

A N A LY S I S : M E N O R C A’ S F I R S T E N E R G Y T R A N S I T I O N

2%

2%

8%
■
■
■
■
■
■

Industry
Transport
Residential sector
Trade and services
Agriculture and forestry
Other

37%

22%

7 Figure 10.5.
Global final energy
consumption by sector,
2015. Source: World
Energy Balances:
Overview © OECD/IEA
2017. 2017

29%

4,9%
■
■
■
■
■
■
■

Coal
Oil
Natural gas
Nuclear
Hydraulic
Solar, wind, geothermal, tidal, etc
Biofuel and waste

2,2%

16,0%
39,3%

7 Figure 10.6.
Global electricity
production by source,
2015. Source: Electricity
Information: Overview ©
OECD/IEA 2017

10,6%

22,9%
4,1%

10.2. National context
Spain has virtually no fossil fuel or uranium reserves. All it does have is a very small amount of poor quality
coal, some very limited uranium reserves, and some nominal oil reserves. According to Carles Riba, PhD
in Industrial Engineering and Professor at the Universat Politècnica de Cataluña, the country’s total energy
reserves amount to less than 0,04% of the global total.
Spain’s primary energy consumption in 2015 was 1.563 million MWh, which equates to an average of
92,3 kWh per person per day. About half of this was oil, and 18,5% was natural gas, both of which are wholly
imported. Renewable energies were third, thanks to efforts made several years ago, when Spain became
a global leader in this area. By 2015, they accounted for 11,5%, not including hydropower (see Fig. 10.7.).
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Wind power plays a significant role in Spain’s energy mix in terms of electricity generation, even if total
generation from purely renewable sources (including solar and small hydro) only provides a quarter of the
total, as shown in the figure 10.8. Another 25% is generated by means which, while not renewable, have
lower levels of emissions than conventional power stations; principally hydraulic and cogeneration (the simultaneous production of electricity and useful heat at high efficiency). Nuclear power is responsible for the
largest share of electricity generation, and together with coal and natural gas makes up the remaining 50%.
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Given its limited reserves, Spain’s crude oil imports are distributed very widely among countries outside
of the European Union (see Fig. 10.9.). Spain also imports refined petroleum products, in this case primarily
from the United States and the European Union.
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In contrast with oil, Spain’s natural gas imports are strongly dependent on one country, Algeria, from
where 60% of its imports came in 2015 (see Fig. 10.10.).
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Despite its high level of foreign energy dependence, Spain has nevertheless become a major player
in the treatment and re-export of natural gas in the form of liquified natural gas (LNG), and is the biggest
re-exporter of LNG globally. Furthermore, its oil refining capacity (for the conversion of oil into petrol, diesel
and other products) actually exceeds the rate of domestic consumption. According to data from the BP
Statistical Review of World Energy 2016, Spain’s refining capacity in 2015 was 1,5 million barrels per day,
while its annual consumption was only 1,2 million.

10.3. Prospects

TWty
(Terawatt-year of thermal energy)

The finite nature of fossil fuels and uranium is not compatible with the projected growth in energy consumption. Carles Riba has contrasted the EIA (Energy Information Administration, the US government energy
agency) and IEA (International Energy Agency, an intergovernmental organisation of the OECD) growth
projections with the generally accepted levels of global reserves (see Fig. 10.11.). The data suggests that
if no new reserves are discovered oil will be the first to run out, around 2046. With oil reserves exhausted,
pressure on other resources will then increase, with natural gas reserves running out by 2049 and uranium
by 2052. Reserves of coal, the most polluting energy source, could last until 2060. According to these
projections, therefore, in little more than 40 years all non-renewable energy reserves will have run out.
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1 Figure 10.11. The depletion of energy resources according to EIA energy consumption projections.
Source: Energy resources and crisis; Carles Riba, 2011.

Analyses like the one above clearly show the rapid pace at which current and projected energy consumption will cause reserves to run out. The impact of the scarcity of non-renewable resources will, however, be felt before the resources themselves run out entirely. This is in large part due to the concepts of peak
production of resources and energy returned on energy invested (EROEI).
The production peak for a non-renewable resource is the point at which the maximum rate of extraction is reached in a given geographical region. In the case of oil, this peak occurs when approximately half
of reserves have been extracted. From the moment this point is reached, production begins to decline, until
extraction is no longer viable. In practice, this means reduced availability of the resource, since the pace of
its production slows down and its cost increases.
This behaviour has been observed in different oil and gas producing regions. A striking example of a
region which has passed peak oil production is the North Sea (this includes the United Kingdom, Norway,
Denmark and the Netherlands). As shown in Figure 10.12., this region saw its oil production increase from
the 1970s onwards, reaching its peak around the year 2000, since when production has been in decline
for more than a decade. Currently, it is on the threshold of needing to import oil for domestic consumption.
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1 Figure 10.12. Production, consumption and traffic of oil in the North Sea Region between 1960 and 2015.
Includes the United Kingdom, Norway, Denmark and the Netherlands.
Source: mazamascience.com, based on data from the BP Statistical Review of World Energy 2016.

The energy returned on energy invested (EROEI, also known as energy return on investment, EROI)
is the relationship between the energy provided by a given resource and the energy used to extract and
convert that resource. An EROEI of less than one means that the energy provided by the resource is less
than that consumed in order to harness it, meaning it can no longer be considered a source of energy. The
exploitation of an energy resource only makes sens if the EROEI is substantially higher than one, that is, if
the energy returned is several times greater than the energy invested. Several authors point to an EROEI
of between three and five as being the minimum required for an energy resource to be viable. High energy
costs can thus make the extraction of some resources inviable or, at the very least, can greatly limit their
capacity to meet society’s energy needs. This also explains the fact that some deposits are abandoned
despite still containing considerable levels of resources, as the efficiency of their extraction is simply too low
to be worthwhile. Just because a resource exists, this does not mean that it can be exploited profitably (this
is what is meant by the term “reserve”), since location, distribution, quality and other factors will determine
its energy return (EROEI).
It is worth adding that in the face of these declining trends, recent years have seen unprecedented
divestment from oil and natural gas exploration and development, as shown in figure 10.13., taken from the
IEA’s World Energy Outlook 2016:

1 Figure 10.13. Global investment in oil and gas exploration and development, 2010-2017.
Source: World Energy Outlook 2016, IEA.
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Figure 10.14. shows the fluctuations in the price of oil and natural gas over the last 20 years. The sharp
fall in prices with the onset of the 2008 crisis is particularly notable, although oil prices recovered after only
a few years. The significant divestment mentioned above coincides with another fall in oil prices, which had
been at historic highs for three years previously. Natural gas prices have remained fairly stable over the last
decade.

1 Figure 10.14. Prices of Brent oil and natural gas over the period 1998-2017.
Source: Prepared by the authors from www.indexmundi.com.

The above analysis suggests a future of rising energy prices due to the progressive scarcity of the fossil
fuels upon which the majority of global energy supply still depends. The main challenge that thus arises is
how to make the transition from a global energy system based on non-renewable fuel deposits (85% of
primary energy) to one based on the capture of renewable energy flows.
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Energy per capita:
energy slaves
This infographic represents global, European, Spanish and Menorcan per capita energy
consumption. Consumption is expressed by the number of people or ‘energy slaves’ required to
do the equivalent amount of work. Each energy slave works continuously with an average power of
100 W, which is the average metabolic consumption of the human body.

= 100 W constant effort
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Other
non-renewable
energy sources

Source: Prepared by the authors using BP (2014), World Bank and OBSAM statistics.
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11. Conclusion
This analysis of Menorca’s energy system and its context describes the outcome of the island’s first energy
transition, which took place between the end of the 19th century and the first half of the 20th century, when
its preindustrial society first began to make use of fossil fuels. The current energy system grew out of this
first transition, which is centred around the use of fossil fuels, and in particular petroleum products. These
energy sources enabled Menorca’s development to keep pace with that of other advanced western societies.
The data from the above analysis presents a picture of a highly inefficient energy system, only capable
of converting a third of the primary energy it consumes into useful energy. The biggest consumer of energy
is the Maó thermal power station, which produces electricity through the combustion of oil derivatives,
using half of the primary energy consumed in Menorca in the process. In terms of sectors, land transport
is responsible for a third of the island’s final energy consumption, while the residential and service sectors,
which each have comparable levels of consumption, make up another third of final energy demand. The
remaining sectors make up the last third of Menorca’s final energy consumption.
The energy system is highly centralised around a few key elements of storage and supply infrastructure, with virtually all of the energy consumed on the island arriving by sea at the port of Maó. Aside from
the vulnerability associated with having such a centralised system, Menorca also has a very high level of
external dependence, since it relies on the continual import of energy resources. Therefore, Menorca’s energy expenditure, therefore, which greatly exceeds 200 million euros annually, represents a constant flow
of capital abroad.
The environmental issues analysed here show how Menorca’s energy system is exacerbating climate
change, with substantial per capita greenhouse gas emissions. Emissions of compounds with harmful effects on human health are also notable, the majority concentrated around the Maó thermal power station,
though land transport, while more diffuse, is also a significant contributor.
Menorca’s situation fits neatly into a global energy context dominated by the use of non-renewable
energy sources, principally hydrocarbons, which make up more than 80% of global consumption. However,
international movements promoting renewable energy and the transition to a new, more efficient energy
model are beginning to gain momentum. This is primarily motivated by the effects of climate change, uncertainty around security of energy supplies due to the depletion of non-renewables, and the levels of pollution
associated with the current global energy system.
The characteristics of the energy system described here clearly do not fall within the parameters of
sustainability, given its use of non-renewable energy sources that will not be available to future generations
and the impact it is having on the climate, with damaging consequences for the future. The island’s energy
system, then, does not meet the criteria required of a Biosphere Reserve like Menorca. If we want to move
towards a sustainable future, we have to define what a second energy transition would look like, starting
with the fact that it would have to be based on renewable energy sources. Our research suggests that the
key areas upon which efforts should be focussed are energy efficiency, electricity generation, land transport
and buildings. The guiding objectives of the second energy transition should be conserving resources,
reducing the system’s environmental impact, greater self-sufficiency and ensuring that Menorca’s energy
system is no longer a drain on the island’s economy.
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Glossary of abbreviations and acronyms
*This document uses the European numeric format. Therefore, a comma is used as a decimal separator
and a full stop is used to separate thousands.

ADT: average daily traffic
AEMET: Agencia Estatal de Meteorología (State Meteorological Agency)
AENA: Aeropuertos Españoles y Navegación Aérea (Spanish Airports and Air Navigation)
AGE: Asociación de Geógrafos de España (Spanish Association of Geographers)
AMT: average monthly traffic
BOE: Boletín oficial del Estado (Official State Journal)
BP: British Petroleum Company Limited
CLH: Compañía Logística de Hidrocarburos (Hydrocarbon Logistics Company)
CMES: Col·lectiu per a un Nou Model Energètic i social Sostenible (Collective for a New and Socially Sustainable Energy Model)
CO: carbon monoxide
CO2: carbon dioxide
Coinga: Cooperativa Insular Ganadera (Island Livestock Cooperative)
CORES: Corporación de Reservas Estratégicas de Productos Petrolíferos (Petroleum Product Strategic
Reserves Corporation)
CTE: código técnico de la edificación (Technical Building Code)
DEM: Directrices Estratégicas de Menorca (Strategic Guidelines for Menorca)
DHP: daily human pressure
EEA: European Environment Agency
EIA: Energy Information Administration
Endesa: Empresa Nacional de Electricidad, S. A. (National Electricity Company, S. A.)
EPA: Environmental Protection Agency Also known as US EPA (United States Environmental Protection
Agency)
EROEI/EROI: energy return on energy invested/energy return on investment
EU: European Union
GDP: gross domestic product
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GESA: Gas y Electricidad, S. A. (Gas and Electricity, S. A.)
GOIB: Govern de les Illes Balears (Regional Government of the Balearic Islands)
GVA: gross value added
IB: Illes Balears (Balearic Islands)
IBESTAT: Instituto de Estadística de les Illes Balears (Balearic Islands Institute of statistics)
IDAE: Instituto para la Diversificación y el Ahorro Energético (Institute for Diversification and Energy Saving)
IDE Menorca: Infraestructura de Dades Espacials de Menorca (Menorca Spatial Data Infrastructure)
IDEIB: Infraestructura de Dades Espacials de les Illes Balears (Balearic Islands Spatial Data Infrastructure)
IEA: International Energy Agency
IME: Institut Menorquí d’Estudis (Menorcan Institute of Studies)
ITC: instrucción técnica complementaria (complementary technical instruction)
LIFE+BOSCOS: European programme for the “Sustainable forestry management of Menorca in a context
of climate change”
LNG: liquefied natural gas
LPG: liquefied petroleum gas
LRV: legislative reference value
LTO: Landing and Take Off
M€: Millions of euros
MaB: Man and the Biosphere, a UNESCO programme
MINETAD: Ministerio de Energía, Turismo y Agenda Digital (Ministry of Energy, Tourism and the Digital
Agenda). This Ministry was established in 2016 following a restructuring of the Ministry of Industry, Energy
and Tourism.
MINETUR: Ministerio de Industria, Energía y Turismo (Ministry of Industry, Energy and Tourism). This ministry only existed from 2011 to 2016.
MS: measuring station
MSW: municipal solid waste
NBE: norma básica de la edificación (Basic Building Regulation)
N2E: Business coalition for a new energy business model
NO: nitric oxide
NO2: nitrogen dioxide
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NOx: nitrogen oxides
OBSAM. Observatori Socioambiental de Menorca (Menorca Socioenvironmental Observatory)
OECD: Organisation for Economic Co-operation and Development
O3: ozone
PAES: Plan de Acción para la Energía Sostenible (Sustainable Energy Action Plan)
PM: particulate matter (solid and liquid particles suspended in the air)
PM10: Particulate matter with a diameter of 10 micrometres or less
PM2,5: Particulate matter with a diameter of 2,5 micrometres or less
POIMA: Polígono Industrial de Maó (Maó Industrial Estate)
QU Belfast: Queen’s University Belfast
REE: Red Eléctrica de España (Spanish Electricity Network)
RITE: Reglamento de instalaciones térmicas en los edificios (Regulations on Building Heating Facilities)
SA / S. A.: sociedad anónima (anonymous company - a type of corporation)
SECH-SPAHOUSEC: Development of detailed Statistics on Energy Consumption in Households - Analysis
of Energy Consumption in Spanish Households
SHNB: Sociedad de Historia Natural de las Baleares (Balearic Islands Natural History Society)
SO2: sulphur dioxide
SOx: sulfur oxides
TU Delft: Technische Universiteit Delft (Delft University of Technology)
UNESCO: United Nations Educational, Scientific and Cultural Organization
UPC: Universitat Politècnica de Catalunya (Catalunya Polytechnic University)
VR: value recorded
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Units
*This document uses the European numeric format. Therefore, a comma is used as a decimal separator
and a full stop is used to separate thousands, i.e. five point two is written ‘5,2’ and one thousand three
hundred is written ‘1.300’.

Units of energy
Wh: Watt hour
kWh: kilowatt hour
MWh: megawatt hour
GWh: gigawatt hour
TWty: terawatt-year of thermal energy
Tonnes of oil equivalent: the amount of energy obtained by burning one tonne of oil.

Units of length
m: metre
km: kilometre

Units of mass
kg: kilogram
t: tonne
t CO2: tonnes of carbon dioxide. Unit of measurement for gas emissions.

Units of power
kW: kilowatt
MW: megawatt
MWp: megawatt-peak. It expresses the power generated by a renewable energy facility under fixed conditions.
GWt: gigawatt thermal. Unit of thermal power (energy flow per unit of time), which is conventionally equivalent to 3 GWe (gigawatts electrical), since thermal energy is considered to be converted into electricity with
an approximate efficiency of 33%.

94

DEM – ENERGY

|

A N A LY S I S : M E N O R C A’ S F I R S T E N E R G Y T R A N S I T I O N

Units of area
km2: square kilometre
ha: hectare

Units of voltage
V: Volt
kV: kilovolt

Other units
b: barrels of oil. Unit of volume equal to around 159 litres.
°C: degrees Celsius. Unit of temperature.
€: euros
h: hour. Unit of time.
Equivalent hours (renewable energy production): the number of hours a renewable energy facility would
have to function at full capacity in order to generate a given amount of energy. Unit of time.
km/h: kilometres per hour. Unit of speed.
mm of precipitation: millimetres of precipitation, equivalent to litres per square meter.
rpm: revolutions per minute. Unit of angular velocity or rotation speed.
µg/m3: micrograms per cubic meter. Unit of particle concentration in the air.

Metric prefixes
The following prefixes can express multiples and submultiples of any unit:
µ: 10-6
m: 10-3
k: 103
M: 106
G: 109
T: 1012
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